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September 20, 2024 

 

Director, Ecosystem Management Coordination  

201 14th Street SW, Mailstop 1108  

Washington, DC 20250-1124 

 

RE:  Amendments to Land Management Plans to Address Old-Growth Forests Across the 

National Forest System, Draft Environmental Impact Statement 

 

The American Forest Resource Council (AFRC) is a trade association representing mills, wood 

product manufacturers, loggers, and purchasers of public timber in the Western United States.  

Put another way, AFRC represents the customers and partners of the Forest Service.  We have 

member companies in Montana, Idaho, Washington, Oregon, Nevada, and California.  Our 

members’ expertise, employees, and equipment—and the vast, complex product supply chain of 

the forest infrastructure they help create, maintain, and support—are essential to achieving the 

Forest Service’s management goals and missions.  The health and productivity of National Forest 

System (NFS) lands is paramount to the viability of our membership and the family-wage jobs 

and communities they support. 

 

The organizations listed below represent businesses, communities, workforces, neighboring and 

adjacent landowners, and county governments from across the United States.  Along with 

AFRC’s members, they are on the frontlines of responsible forest stewardship and would be 

directly impacted by the Amendments to Land Management Plans to Address Old-Growth 

Forests Across the National Forest System (the proposed Amendment).  Many signatories will 

also submit individual comment letters that should be considered by the Forest Service as 

complementary to the below comments.   

 

We share many of the philosophical positions and perspectives outlined in the draft 

environmental impact statement (DEIS) for the proposed Amendment regarding forest 

management on NFS lands.1  Like the Forest Service, we support maintaining and restoring the 

ecological integrity of terrestrial ecosystems across every successional stage of development, 

including old-growth.  We also recognize the importance of proactive stewardship to protect all 

forest types, including old-growth, from the many threats that they face.  However, there is an 

 
1 U.S. Dep’t of Agric., Forest Serv., Amendments to Land Management Plans to Address Old-Growth Forests Across 

the National Forest System, Draft Environmental Impact Statement (June 2024), 

https://www.fs.usda.gov/project/?project=65356 (last visited Sept. 17, 2024) (DEIS). 

https://www.fs.usda.gov/project/?project=65356
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unreconcilable contradiction between these values, the known and documented threats to old-

growth forests now and into the future, and the substance of the proposed Amendment as 

outlined in the DEIS.   

 

Forest Service practitioners and their partners already face a maze of burdensome, inflexible, and 

confusing processes when pursuing active forest management on federal lands.  The proposed 

Amendment’s standards and guidelines, which are ostensibly designed to respond to threats by 

promoting and accelerating active forest management, will in fact make active management even 

more time-consuming, publicly contentious, legally vulnerable, and expensive.   

 

Forest Service practitioners are currently constrained by a complex, multilayered stack of 

restrictive Land Management Plan (LMP) standards, laws, regulations, and court precedents 

developed over many decades that hamper the Forest Service’s ability to effectively implement 

meaningful forest management.  In short, Forest Service practitioners need existing obstacles 

removed, not added, to attain the level of active management that the proposed Amendment 

intends to enable.  While the DEIS professes to “foster” and “promote” such management, it 

misses the mark by burdening Forest Service practitioners with additional, restrictive standards 

to navigate.  Indeed, the DEIS clearly states that “the proposed action also sets forth standards 

and guidelines that provide constraints for decision making at the project-level.”  DEIS at S-7.  It 

is puzzling that the Forest Service agrees that the agency must accelerate and increase active 

forest management to “protect” old-growth, but proposes a solution that constrains active 

management with more restrictions. 

 

One example of the additional burden the proposed Amendment would put on Forest Service 

practitioners is the uncertainty it creates regarding old-growth identification.  Researchers have 

stressed the need to define “old growth” based on context.  For example, in a seminal research 

paper from 2012 by Drs. Norm Johnson and Jerry Franklin titled, A Restoration Framework for 

Federal Forests in the Pacific Northwest,2 the authors identified a need to discuss and define 

“old growth” in Pacific Northwest forests in different contexts based on ecological processes 

largely driven by historical fire regime.  The authors deemed it necessary to “divide [Pacific 

Northwest] federal forestlands into moist forests and dry forests because these contrasting 

environments require fundamentally different policies and practices, including approaches to 

old-growth conservation.”  Franklin and Johnson at 430 (emphasis added).  Those “fundamental 

differences” manifested as profoundly different approaches to how old-growth is characterized—

namely, the difference between managing for “old trees” versus “old stands.”  The authors state 

that “management of old trees and stands would vary as a function of forest type.”  Id. at 432. 

 

This document has influenced the current management paradigm on NFS land governed by the 

Northwest Forest Plan (NWFP) and largely served as the blueprint for the Bureau of Land 

Management’s (BLM) 2016 Resource Management Plan revisions in Western Oregon.  Yet the 

DEIS completely ignores this document and the context-driven approach to defining old-growth 

it proposes because of the proposed Amendment’s sweeping scale.  As a result, nuances like trees 

vs. stands, dry vs. wet forest types, etc. are not addressed.  Instead, the proposed Amendment’s 

 
2 Jerry F. Franklin and K. Normand Johnson, A Restoration Framework for Federal Forests In the Pacific 

Northwest, 110 J. of Forestry 429, 429-439 (2012), 

https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5428878.pdf (last visited Sept. 18, 2024).. 

https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5428878.pdf
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standards and guidelines simply refer to old-growth “forests.”  This language will burden Forest 

Service practitioners with uncertainty regarding old-growth identification: for example, is a mid-

seral forest stand with five 300-year-old remnant trees per acre considered an old-growth “forest” 

and subject to this proposed Amendment?  Is a ¼-acre patch of old-growth forest subject to this 

proposed Amendment?  What about an old-growth forest that covers only 1/20th of an acre? 

 

This proposed Amendment’s disconnect between its stated goal of encouraging active 

management and clear effect of burdening active management partly stems from the 

unprecedented scale of the proposed Amendment.  It seems impossible for policy makers at the 

national level to develop a single Amendment designed to address forest threats through active 

management across 155 National Forests when each unit faces unique challenges.  For example, 

National Forests whose LMPs were amended by the NWFP manage over 7.5 million acres for 

the objective of old-growth and late-seral habitat recruitment and maintenance.3  These are 

referred to as Late Successional Reserves (LSRs), and they consume over 30% of the NFS lands 

in the Pacific Northwest.  Standards specific to LSRs restrict management of all forests to 

treatments that protect and enhance conditions of late-successional and old-growth forest 

ecosystems.  If these LSR objectives sound familiar, it is because they are nearly identical to the 

Adaptive Strategy for Old-Growth Forest Conservation described in the proposed Amendment.  

This type of redundancy is to be expected with a sweeping Amendment of this national scale.     

 

For these and many other reasons, the proposed Amendment would burden active management 

instead of furthering its stated goal of encouraging active management.  This fundamental error 

is primarily the product of a flawed need identified in the Notice of Intent (NOI) and DEIS to 

create a consistent framework to guide management of old-growth across the NFS.4  Had the 

threat assessment been completed ahead of the NOI, as Executive Order (EO) 14072 directed, 

the Forest Service may have identified the complexity and geographical uniqueness of the threats 

and recognized that creating “consistent” solutions would be ineffective, inappropriate, and 

scientifically unjustified.5  The Forest Service may have also identified a need to address 

obstacles in existing LMPs that obstruct Forest Service practitioners from mitigating wildfire and 

insect and disease threats on millions of acres of NFS lands, instead of adding additional layers 

to what is already a complex management environment.  What, exactly, in law, regulation, and/or 

land planning is prohibiting the Forest Service from taking immediate action to achieve the 

stated objectives of the Forest Service?   

 

Indeed, the Threat Assessment, which was published one week prior to publication of the DEIS, 

confirmed that wildfire and insects and disease have caused the highest loss of old-growth forests 

over the past 20 years and continue to pose the most significant future threat to those forests.6  

 
3 U.S. Dep’t of Agric., Forest Serv., Regional Ecosystem Office (REO) - Northwest Forest Plan, Land Use 

Allocations, https://www.fs.usda.gov/r6/reo/landuse/ (last visited Sept. 17, 2024). 
4 U.S. Dept of Agric., Forest Serv., Land Management Plan Direction for Old-Growth Forest Conditions Across the 

National Forest System, 88 Fed. Reg. 88,043 (Dec. 20, 2023) (NOI). 
5 Proclamation No. 14072, Strengthening the Nation’s Forests, Communities, and Local Economies, 87 Fed. Reg. 

24,853 (Apr. 27, 2022) (EO 14072). 
6 U.S. Dep’t of Agric., Forest Serv., and U.S. Dep’t of Interior, Bureau of Land Mgmt., Mature and Old-Growth 

Forests: Analysis of Threats on Lands Managed by the Forest Service and Bureau of Land Management, in 

Fulfillment of Section 2(c) of Executive Order No. 14072 (June 2024), 

https://www.fs.usda.gov/r6/reo/landuse/
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The Threat Assessment also concluded that old-growth loss was greater in areas reserved from 

timber harvest (wilderness, inventoried roadless areas (IRA), national monuments) than in areas 

where timber harvest is permitted and encouraged.  In fact, while the amount of old-growth 

decreased in reserved areas, it increased by 7.8% in areas where timber harvest is permitted and 

encouraged.   
 

We believe that Forest Service leadership and practitioners know these truths and believe that 

active forest management, including timber harvest, is integral to not only sustaining old-growth 

forest conditions but also to attaining the agency’s overall mission.  AFRC and its members 

routinely interact with local Forest Service employees through the project development process.  

We routinely see well-crafted projects designed to improve ecological integrity, provide timber 

products, reduce wildfire risks, and support rural communities derailed by cumbersome 

processes, restrictive LMP standards, misdirected regulations, lawsuits focused on process and 

paperwork technicalities, or threats of lawsuits.  Unfortunately, this proposed Amendment does 

not ameliorate those issues, but instead compounds them. 

 

On February 2, 2024, AFRC submitted substantive comments in response to the December 20, 

2023 NOI to prepare an EIS on Land Management Plan Direction for Old-Growth Forest 

Conditions across the NFS.  In that letter, we raised numerous concerns with the proposal’s 

alignment with components of certain statutes and regulations; namely, the National 

Environmental Policy Act (NEPA) and the 2012 Planning Rule (36 C.F.R. Part 2019).  We also 

highlighted inconsistencies between the directives in EO 14072 and the course of actions taken 

by the Forest Service in response.  In particular, we emphasized the flawed approach of issuing a 

NOI to create policies that address threats to old-growth prior to completion of an assessment of 

those threats.  After reviewing the DEIS, those concerns, as outlined in our comments, remain 

largely unchanged.  In fact, our review of the DEIS has raised additional concerns with the 

adequacy of the analysis as it pertains to NEPA’s “hard look” standard.  Moreover, we have 

identified issues with the Forest Service’s failure to comply with the Endangered Species Act 

(ESA) and EO 12866, which requires the Office of Management Budget (OMB) to review 

significant regulatory actions.7  We appreciate the opportunity to reiterate our initial concerns and 

expand on takeaways from our review of the DEIS.  

 

We have organized our comments based on how the proposed Amendment and DEIS comports 

or conflicts with certain statutes and regulations.  

 

2012 Planning Rule 

 

 Levels of Planning 

 

We continue to disagree with the scope and scale of the proposed Amendment and believe that 

the course proposed by the Forest Service represents a violation of Section 219.2 of the Planning 

Rule.  See 36 C.F.R. § 219.2.  That section outlines the different organizational levels of the 

agency where planning occurs, as well as the types of planning appropriate for each level.   

 
https://www.fs.usda.gov/sites/default/files/fs_media/fs_document/MOG-threat-analysis.pdf (last visited Sept. 17, 

2024) (Threat Assessment). 
7 Proclamation No. 12866, Regulatory Planning and Review, 58 Fed. Reg. 51,724 (Oct. 4, 1993) (EO 12866). 

https://www.fs.usda.gov/sites/default/files/fs_media/fs_document/MOG-threat-analysis.pdf
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Section 219.2 states that “Forest Service planning occurs at different organizational levels and 

geographic scales.  Planning occurs at three levels—national strategic planning, NFS unit 

planning, and project or activity planning.”  Id.  Development and preparation of this proposed 

Amendment is clearly occurring at the “national strategic planning” level.  Section 219.2(a) 

makes it clear that national-level planning includes actions like “preparation of the Forest 

Service strategic plan required under the Government Performance and Results Modernization 

Act of 2010 … that establishes goals, objectives, performance measures, and strategies for 

management of the NFS.” 

 

By contrast, Section 219.2(b)(1) states that “development, amendment, or revision of a land 

management plan” is the result of NFS unit planning. (emphasis added).  The proposed 

Amendment would, obviously, amend land management plans.  Therefore, under the regulation’s 

plain language, the proposed Amendment must be accomplished through local, NFS unit-level 

planning, not at the national scale.  

 

The Forest Service does not address this departure from the Planning Rule’s direction regarding 

levels of planning, other than to assert the need for a “consistent framework” across the entire 

NFS.  But Section 219.2 does not provide a “consistent framework” exception to the rule that 

land management plan amendments must occur at the NFS unit level.  The unit-level planning 

rule is important to ensure local stakeholders’ are adequately involved and local differences—

including ecological, economic, and cultural differences across planning areas—are adequately 

considered.  The Forest Service’s improper, national approach short circuits this process and 

undermines meaningful involvement of underrepresented, economically disadvantaged, forest-

dependent rural communities.   

 

 Public Participation 

 

Section 219.4(a) of the Planning Rule requires the Forest Service to consider “the accessibility of 

the process, opportunities, and information” to allow meaningful public participation.  36 C.F.R. 

§ 219.4(a) (emphasis added).  The December NOI clearly failed to provide the public with 

essential information to ensure meaningful review because it solicited public feedback on 

developing policies to address threats to old-growth before threats to old-growth were identified 

through the completion and publication of the Threat Assessment.  Instead, the Forest Service 

made the Threat Assessment available to the public one week before it published the DEIS.  The 

Forest Service’s delayed release of the Threat Assessment prevented the public, including AFRC, 

from providing meaningful comment on the Forest Service’s NOI and prevented the Forest 

Service from considering relevant information in preparing the DEIS.  

 

The Forest Service’s process is also completely at odds with the process envisioned by EO 

14072, which guided the preparation of the proposed Amendment. 

 

EO 14072 directs the Forest Service to:  

 

1. Define mature and old-growth forests on federal lands,  

2. Complete an inventory and make it publicly available,  
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3. Identify threats to mature and old-growth forests, and  

4. Develop policies to address threats.  

 

There is a deliberate chronology to these above-mentioned action items, as the execution of each 

item is dependent on the completion of the item prior.  The Forest Service could not conduct an 

inventory of old-growth forests (#2) until it defined “old growth forests” (#1).  And the Forest 

Service could not conduct an analysis of threats to old-growth forests (#3) until it inventoried 

those forests (#2).  And finally, the Forest Service cannot develop policies to address threats 

(#4) until it identifies those threats (#3).    

 

Following the April 22, 2022 issuance of EO 14072, the Forest Service initially progressed 

through this list of action items chronologically.  The Forest Service published its mature and 

old-growth forest definition and subsequent inventory in April 2023.  Following this publication, 

the Forest Service indicated its intention to complete a threat analysis.  

 

However, this chronological progression came to a sudden halt on December 20, 2023, when the 

NOI was published proposing “policies to address threats” prior to completion of an assessment 

that identified those threats.  Figure 1 from the DEIS, copied below, illustrates this flawed 

chronology as the Forest Service progressed from the inventory immediately into a “decision” on 

“how to amend land management plans.”   

 

 
 

Without a Threat Assessment based on current science and empirical evidence, AFRC and other 

stakeholders could not develop and submit well-informed comments on the NOI’s strategies for 

addressing threats.  The failure to provide the public with relevant information about threats to 

old-growth forests plainly violates Section 219.4(a)’s public participation requirements and EO 

14072.  The public was not provided the “accessibility of . . . information” noted in section 

219.4(a) of the Planning Rule to adequately provide input on this proposed Amendment due to 
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the failure to adhere to the chronology of EO 14072, namely the failure to develop and publish a 

Threat Assessment.  

 

The Forest Service’s delay in completing the Threat Assessment also contributed to the 

substantive issues with the proposed Amendment we identify throughout this comment letter.  If 

the public and the agency had access to the Threat Assessment’s findings sooner, consistent with 

the intent of the Planning Rule, the Forest Service could have crafted an Amendment based on 

accurate threat information and informed public input.   

 

Notably, the Threat Assessment confirmed that wildfire and insects and disease infestations 

have caused the highest loss of old-growth forest over the past 20 years and continue to 

pose the most significant future threat to those forests.  The Threat Assessment also 

concluded that old-growth loss was greater in areas reserved from timber harvest—such as 

wilderness areas, IRAs, and national monuments—than in areas where timber harvest is 

permitted and encouraged.  

 

In fact, while old-growth decreased in reserved areas, it increased by 7.8% in areas where timber 

harvest is permitted and encouraged.  The Threat Assessment noted that these results suggest that 

strictly reserving old-growth forests may not always ensure that they are protected from future 

losses.  Had the Forest Service and the public known that old-growth conditions are improving in 

areas where timber harvest is allowed and encouraged, the Agency may have, for example, 

focused on changing current regulations that explicitly restrict timber harvest and other active 

management in IRAs (Table 7 in the DEIS indicates that there are 9.6 million acres of old-

growth in IRAs (DEIS at 79)); reducing timber harvest restrictions in LSRs in Region 5 and 

Region 6 LMPs (the Threat Assessment states that “LMPs generally include components limiting 

the threat of tree cutting to old-growth forest”(Threat Assessment at 39); and providing Forest 

Service practitioners with tools for accelerating timber harvest to improve old-growth conditions.  

 

Ultimately, none of these options were considered by the Forest Service or the public because 

neither were provided with access to pertinent, complete information as required by the Planning 

Rule.  Instead, contrary to the Threat Assessment’s findings, the Forest Service proposed an 

Amendment that stands to increase old-growth loss by making timber harvesting and other active 

management in old-growth forests more difficult.   

 

 Public Notifications 

 

Compounding the violations of Section 219.4(a) and EO 14072, the Forest Service further 

undermined the public’s ability to meaningfully participate by violating Section 219.16(c)(5) of 

the Planning Rule.  That provision states that “[i]f a plan, plan amendment, or plan revision 

applies to two or more units, notices must be published in the Federal Register and the 

newspaper(s) of record for the applicable units.”  36 C.F.R. § 219.16(c)(5) (emphasis added).  

Because section 219.16(a)(1) requires notices “to initiate the development of a proposed plan, 

plan amendment, or plan revision,” and subsection (a)(2) requires notices for draft EISs, both 

should have been published in the newspapers, according to subsection (c)(5). 
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The Forest Service periodically identifies and updates the newspapers of record for each 

National Forest unit in the Federal Register.  We identified several such newspapers in Regions 

1, 4, 5, and 6, and conducted a search for notifications during the comment period for both the 

NOI and DEIS.8  We were unable to locate any notifications in any newspaper of record for 

either the NOI or DEIS through our searches.   

 

The Planning Rule’s local notice requirement reflects the Rule’s intent (as provided in section 

219.2(b)) that forest plan amendments would be conducted at the local unit level, as explained 

above.  Publication of notifications in local newspapers, as opposed to the Federal Register, is 

important to ensuring notice to the interested and affected public, especially in rural 

communities.  Most citizens do not know what the Federal Register is, let alone check it 

constantly.  On the other hand, many citizens are familiar with their local newspaper and 

publication of relevant notifications related to the management of their local National Forest 

published in those newspapers has a higher likelihood of reaching those citizens and impacted 

communities than similar notifications in the Federal Register.   

 

The Forest Service’s failure to provide local notice of the proposed Amendment violates the 

Planning Rule and demonstrates that the Forest Service’s improper, national approach to a plan 

amendment unlawfully undermined public notice, review, and participation.  

 

Need For Change 

 

Section 219.13(b)(1) of the Planning Rule directs the Forest Service to “base an amendment on a 

preliminary identification of the need to change the plan.”  36 C.F.R. § 219.13(b)(1).  The 

preliminary need for change identified in the NOI was to “create a consistent set of national plan 

components and direction for the development of geographically informed adaptive 

implementation strategies for the long-term persistence, distribution, and recruitment of old-

growth forest conditions across the National Forest System.”  NOI at 88,045.  We noted in our 

comments in response to the NOI that this statement did not amount to a legally required “need 

for change.”  Instead, this statement was simply a declaration of what the Forest Service intended 

to do.  Additionally, as explained above, the Forest Service irrationally asserted this need for 

change in the NOI without first completing the Threat Assessment required to inform what 

changes, if any, are needed.  

 

The stated need for change was modified in the DEIS as follows: 

 

• “Demonstrate compliance with Executive Order 14072 to institutionalize climate-smart 

management and conservation strategies that address threats to mature and old-growth 

forests on Federal lands; 

• Respond to the clear congressional intent outlined in section 23001(a)(4) of the Inflation 

Reduction Act; and  

 
8 Each state’s newspaper association offers a free search engine for public notices.  See, e.g., Nat’l Ass’n of Idaho, 

https://www.idahopublicnotices.com/; https://www.capublicnotice.com/; Mont. Newspaper Ass’n, 

https://www.montanapublicnotices.com/; Wash. Newspaper Publishers’ Ass’n, https://www.wapublicnotices.com/; 

Or. Newspaper Publishers Ass’n, https://www.publicnoticeoregon.com (last visited Sept. 17, 2024). 

https://www.idahopublicnotices.com/
https://www.capublicnotice.com/
https://www.montanapublicnotices.com/
https://www.wapublicnotices.com/
https://www.publicnoticeoregon.com/
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• Create a consistent framework to manage for the long-term persistence, distribution, and 

recruitment of old-growth forests across the National Forest System (NFS) in light of the 

interacting biophysical and social factors that threaten the persistence of older forests on 

NFS lands across the Nation.” 

 

DEIS at S-6, 7. 

 

Section 219.13(b)(1) of the Planning Rule also states that “the preliminary identification of the 

need to change the plan may be based on a new assessment; a monitoring report; or other 

documentation of new information, changed conditions, or changed circumstances.”  36 C.F.R. § 

219.13(b)(1).  Although this is not a requirement, it is noteworthy that the Planning Rule 

identifies items that may trigger and inform a need for change.  Among those items is a “new 

assessment.”  The Forest Service did indeed publish a new assessment when it released its Threat 

Assessment.  However, the assessment did not and could not inform the “need for change” 

because it was not completed in time for the public or the Agency to review it. 

 

Furthermore, the Forest Service did not articulate the need for “consistency” across the entire 

NFS regarding the management of old-growth.  In fact, contrary to the stated need for change, 

the Threat Assessment and portions of the DEIS show that the Forest Service fully understands 

that mandating a “consistent” management framework for ecologically diverse landscapes across 

the entire NFS would be impracticable and counterproductive.   

 

The DEIS states that “there are differences in threats and conditions in different regions and 

ecosystems across” the NFS.  DEIS at 3.  The Definition, Identification, and Initial Inventory 

report described old-growth definitions for more than 200 unique forest vegetation types across 

the NFS.9  Inventory Report at 5.  The DEIS also notes that each region “recognizes important 

ecological variation by defining unique old-growth criteria for different vegetation types.”  DEIS 

at S-3, 4, 57.  This information does not substantiate a need for consistency in old-growth 

management policy across the NFS.  It confirms the opposite: the need for flexibility, 

adaptability, and unique management approaches based on diverse geographies, landscapes, and 

forest types across 193 million acres.  

 

Finally, section 23001(a)(4) of the 2022 Inflation Reduction Act does not demonstrate a need for 

change.  This section of the 2022 Inflation Reduction Act cited in the need for change simply 

provided the Forest Service with $50 million “for the protection of old-growth forests and to 

complete an inventory of old-growth” on NFS land.  DEIS at S-4, 1.  This allocation of funding 

does not represent “clear” congressional intent.  The Forest Service could utilize these funds for 

any number of actions that inventory and protect old-growth forests, and at a local planning scale 

that makes ecological sense and complies with planning requirements.   

 

 
9 U.S. Dep’t of Agric., Forest Serv., and U.S. Dep’t of Interior, Bureau of Land Mgmt., Mature and Old-Growth 

Forests: Definition, Identification, and Initial Inventory on Lands Managed by the Forest Service and Bureau of 

Land Management, in Fulfillment of Section 2(b) of Executive Order No. 14072 (Apr. 2024) 

https://www.fs.usda.gov/sites/default/files/fs_media/fs_document/Mature-and-Old-Growth-Forests.pdf (last visited 

Sept. 17, 2024) (Inventory Report). 

https://www.fs.usda.gov/sites/default/files/fs_media/fs_document/Mature-and-Old-Growth-Forests.pdf
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For example, that funding could be directed to support vegetation management projects in high 

fire-prone landscapes that would not otherwise be economical.  Or it could be directed to 

accelerate the implementation of fuel breaks authorized under section 40806 of the 2021 

Bipartisan Infrastructure Law to protect old-growth stands at risk of high severity wildfire.  

Either of these alternatives would protect old-growth forests from fire, insects and disease more 

effectively than embarking on a nationwide plan Amendment that is not tailored to local 

conditions.  We also point out that “protecting” old-growth through active management would 

require indefinite congressional appropriations since these would be ongoing actions.  No such 

funding has been authorized or appropriated by Congress since the 2022 Inflation Reduction Act.  

 

Ultimately, the Forest Service did not establish a need for change that is consistent with the 

Planning Rule, and it failed to consider viable alternatives for protecting old-growth and mature 

forests that are consistent with the 2022 Inflation Reduction Act and EO 14072.  Instead, it 

sought foreclose alternatives by building in an alleged need for a consistent, nationwide 

management framework for old-growth forests into its proposal’s stated purpose and need, in 

conflict with its own findings that local differences make a nationwide management direction 

unworkable.  The inappropriate timing of the Threat Assessment, misguided interpretation of 

congressional funding, and failure to consider existing barriers to old-growth management, all 

contributed to the unlawful and unwise process. 

 

 Timber Suitability 

 

The DEIS asserts that the proposed Amendment “does not change lands suitable for timber 

production.”  DEIS at S-14, 121.  However, the standards proposed in the proposed Amendment, 

and the language and direction in both the Planning Rule and the National Forest Management 

Act (NFMA), show otherwise.   

 

Section 6(k) of the NFMA requires that the Secretary “shall identify lands … not suitable for 

timber production.”  16 U.S.C. § 1604(k).  Section 219.19 of the Planning Rule defines “timber 

production” as “the purposeful growing, tending, harvesting, and regeneration of regulated crops 

of trees to be cut into logs, bolts, or other round sections for industrial or consumer use.”  

(emphasis added).  Section 219.11 of the Planning Rule states that “the responsible official shall 

identify lands within the plan area as not suited for timber production if any one of the following 

factors applies,” including: “[s]tatute, Executive order, or regulation prohibits timber production 

on the land” and “[t]imber production would not be compatible with the achievement of desired 

conditions and objectives established by the plan for those lands.”  For lands suitable for timber 

production, section 219.11(b) requires the inclusion of “plan components, including standards or 

guidelines, to guide timber harvest for timber production or for other multiple use purposes on 

such lands.”  (emphasis added).  

 

The proposed Amendment plainly reclassifies lands suitable for timber production.  The 

proposed Amendment establishes “desired conditions” for old-growth forests and then makes 

clear that proactive stewardship for the purpose of timber production is inconsistent with those 

conditions.  Standard 3 (NOGA-FW-STD-03) states that “proactive stewardship in old-growth 

forests shall not be for the purpose of timber production, as defined in 36 CFR 219.19.”  DEIS at 
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32, 49 (emphasis added).  Clearly, the proposed Amendment prohibits timber production across 

an unknown number of NFS acres. 

 

The DEIS, however, states that the Forest Service is not modifying timber suitability because 

“[o]ld-growth forests will remain forested lands as a part of this amendment process.”  DEIS at 

S-14, 121.  This makes no sense.  Any given acre of NFS land being suitable for timber 

production is not simply a function of whether that acre is technically “forested.”  There are 

millions of acres of “forested” land in the Pacific Northwest and beyond that are currently 

deemed unsuitable due to LMP standards and guidelines that prohibit timber production.  As a 

result of this proposed Amendment, even more acres will be unavailable for timber production. 

 

Even assuming the proposed Amendment has not reclassified lands as suitable for timber 

harvesting, it still does not comply with section 219.11(b) of the Planning Rule, which requires 

the Forest Service to include “standards or guidelines, to guide timber harvest for timber 

production or for other multiple use purposes on such lands.”  (emphasis added).  If, as the Forest 

Service claims, it is not redesignating the suitability of timber for harvesting, it is required to 

develop standards or guidelines to guide timber production, as defined by the Planning Rule, on 

those lands it deems suitable.  In particular, the Forest Service must develop standards and 

guidelines that address the purposeful growing, tending, harvesting, and regeneration of lands 

suitable for timber production, including those lands that contain old-growth forests.   

 

NEPA 

 

NEPA establishes procedures by which federal agencies must consider the environmental 

impacts of their actions but does not dictate substantive results.  Robertson v. Methow Valley 

Citizens Council, 490 U.S. 332, 350 (1989).  NEPA requires federal agencies to prepare an 

environmental impact statement (EIS) for “major Federal actions significantly affecting the 

quality of the human environment . . . .”  42 U.S.C. § 4332(2)(C).  An EIS “shall provide full and 

fair discussion of significant environmental impacts and shall inform decision makers and the 

public of reasonable alternatives that would avoid or minimize adverse impacts or enhance the 

quality of the human environment.”  40 C.F.R. § 1502.1.  NEPA and its implementing regulations 

set forth procedures designed to ensure that federal agencies take a “hard look” at the 

environmental consequences of their proposed actions.  Robertson, 490 U.S. at 350-51.  The 

Ninth Circuit has interpreted a “hard look” to mean “a reasonably thorough discussion of the 

significant aspects of the probable environmental consequences.”  Ctr. for Biological Diversity v. 

Nat’l Highway Traffic Safety Admin., 538 F.3d 1172, 1194 (9th Cir. 2008).  To take the required 

“hard look,” the agency may not rely on incorrect or incomplete assumptions or data.  Native 

Ecosystems Council v. U.S. Forest Serv., 418 F.3d 953, 964 (9th Cir. 2005); see 40 C.F.R. § 

1500.1(b) (“The information shall be of high quality. Accurate scientific analysis, expert agency 

comments, and public scrutiny are essential to implementing NEPA.”).  The geographic scale of 

this proposed Amendment—128 Forest Plans, covering 193 million acres— makes satisfying the 

hard look standard difficult.   
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Violation of Public Notice Requirements 

 

For reasons similar to those discussed above regarding public notification under the Planning 

Rule, the Forest Service has also not satisfied NEPA’s public notice requirements.  NEPA 

requires agencies to “[c]onsider what methods of outreach and notification are necessary and 

appropriate based on the likely affected entities and persons; the scope, scale, and complexity of 

the proposed action and alternatives; the degree of public interest; and other relevant factors.”  40 

C.F.R. § 1501.9(c)(3).  As explained above, the Forest Service unreasonably failed to provide 

notification of the NOI and DEIS through local newspapers, which interested stakeholders are far 

more likely to review and be familiar with than the Federal Register.  The agency’s failure to 

provide notice through local newspapers was therefore inadequate to satisfy NEPA’s public 

notification requirements.   

 

 Hard Look – Timber Production/Socioeconomic  

 

The Forest Service failed to take a hard look at the proposed Amendment’s effects to 

socioeconomic impacts and effects on timber harvest levels in the DEIS. 

 

The DEIS indicates that only Alternative 3 would have measurable impacts to the timber 

industry, restoration-based economy, and rural communities.  Specifically, the DEIS argues that 

“no economic effects to the timber industry outside of Alaska are anticipated because there will 

be no change in forest Allowable Sale Quantity (ASQ), Projected Timber Sale Quantity (PTSQ) 

or land suitability.”  DEIS at 121.  It goes on to say that “the amendment also does not change 

ASQ or PTSQ because the projected timber sale quantity includes volume from timber harvest 

for any purpose from all lands in the plan area.”  Id. (emphasis added).  This underlined portion 

is inaccurate for LMPs amended by the NWFP. 

 

Several documents, including the NWFP Final Supplemental EIS,10 NWFP monitoring reports,11 

and the Forest Ecosystem Management Assessment Team (FEMAT) Report12 are clear that the 

NWFP’s Probable Sale Quantities (PSQ), which is the equivalent to the PTSQ referenced in the 

DEIS,13are calculated and derived only from lands designated as Matrix or Adaptive 

Management Area (AMA) whereas NWFP reserved lands (LSRs and Riparian Reserves) do not 

contribute to the PSQ: 

 
10 U.S. Dep’t of Agric., Forest Serv., and U.S. Dep’t of Interior, Bureau of Land Mgmt., Final Supplemental 

Environmental Impact Statement on Management of Habitat for Late-Successional and Old-Growth Forest Related 

Species Within the Range of the Northern Spotted Owl, Volume I (Feb. 1994), 

https://www.fs.usda.gov/r6/reo/library/downloads/documents/NWFP-FSEIS-1994-I.pdf (last visited Sept. 17, 2024) 

(NWFP FSEIS) 
11 U.S. Dep’t of Agric., Forest Serv., Social and Economic Status and Trends (Feb. 2016), 

https://www.fs.usda.gov/r6/reo/monitoring/downloads/socioeconomic/Nwfp20yrMonitoringReportSocioeconomic.p

df (last visited Sept. 17, 2024) (Monitoring Report). 
12 Forest Ecosystem Management Assessment Team, Forest Ecosystem Management: an Ecological, Economic, and 

Social Assessment (July 1993), https://www.fs.usda.gov/r6/reo/library/downloads/documents/FEMAT-1993-

Report.pdf (last visited Sept. 17, 2024) (FEMAT Report). 
13 PTSQ is defined as “[t]he estimated quantity of timber meeting applicable utilization standards that is expected to 

be sold during the plan period.  DEIS at G-2.  PSQ is defined as “harvest levels for the various alternatives that 

could be maintained without decline over the long term if the schedule of harvests and regeneration were followed.” 

NWFP FSEIS at Glossary 13.  

https://www.fs.usda.gov/r6/reo/library/downloads/documents/NWFP-FSEIS-1994-I.pdf
https://www.fs.usda.gov/r6/reo/monitoring/downloads/socioeconomic/Nwfp20yrMonitoringReportSocioeconomic.pdf
https://www.fs.usda.gov/r6/reo/monitoring/downloads/socioeconomic/Nwfp20yrMonitoringReportSocioeconomic.pdf
https://www.fs.usda.gov/r6/reo/library/downloads/documents/FEMAT-1993-Report.pdf
https://www.fs.usda.gov/r6/reo/library/downloads/documents/FEMAT-1993-Report.pdf
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The PSQ is based only on lands that are considered suitable for the production of 

programmed, sustainable timber yields. Timber suitable lands are those lands physically 

and economically suited to timber production that are outside of lands designated for 

forest uses considered incompatible with programmed, sustained timber harvests. Timber 

suitable lands are located only in the matrix or in Adaptive Management Areas. Lands 

designated as Congressionally Reserved Areas, Administratively Withdrawn Areas, Late-

Successional Reserves, and Riparian Reserves are considered unsuitable for sustained 

timber yields. These lands are therefore not included in calculations of PSQ.  NWFP 

FSEIS at 3&4-263. 

 

Probable sale level - The annual amount of sawtimber likely to be sold outside of Reserves 

on a sustainable basis under an option.  FEMAT Report at IX-27. 

 

The calculation of PSQs under the NWFP relied on active management of all forest stands in the 

Matrix and AMAs, including old-growth, through a combination of intermediate thinnings and 

regeneration harvest.  The proposed Amendment would prohibit regeneration harvest of old-

growth stands and generally discourage intermediate harvests in certain other old-growth stands.  

This change would drastically alter the PSQs.  The Forest Service failed to take a hard look at 

these drastic changes. 

 

A supplemental report14 by the FEMAT that accompanied the NWFP and outlined the modeling 

and processes for calculating the PSQs made this statement regarding old-growth forests: 

 

Most of the harvest in Option 9 (and many other options) over the next decade will come 

from late-successional forest (over 80 years old). Close to 50 percent will come from 

forests over 200 years old.  Supplemental FEMAT Report at 22. 

 

Other NEPA reviews have recognized how management changes on NWFP lands could affect 

timber harvest volumes from these lands.  For example, the 2000 Final EIS for Amendments to 

Survey and Manage explained15: 

 

There are approximately 3 million acres of forest land within the Matrix and Adaptive 

Management Areas that contribute to PSQ. Approximately one-third of this, or 1.1 million 

acres, are late-successional forest. On most administrative units, the PSQ is heavily 

dependent on harvesting late-successional forest for 3 to 5 more decades until early-

successional stands begin to mature and become available for harvest. Because of this 

dependence, harvest schedules indicate about 90 percent of PSQ over the next decade is 

 
14 K. Norman Johnson, et al., Sustainable Harvest Levels and Short-Term Timber Sales for Options Considered in 

the Report of the Forest Ecosystem Management Assessment Team: Methods, Results, and Interpretations (1993) 

(Supplemental FEMAT Report). 
15 U.S. Dep’t of Agric., Forest Serv., and U.S. Dep’t of Interior, Bureau of Land Mgmt., Final Supplemental 

Environmental Impact Statement For Amendment to the Survey & Manage, Protection Buffer, and other Mitigation 

Measures Standards and Guidelines (Nov. 2000), https://www.fs.usda.gov/r6/reo/survey-and-

manage/2001/surveymanage-2001-fseis-vol-i.pdf (last visited Sept. 17, 2024) (2000 FEIS for Amendments to 

Survey and Manage). 

https://www.fs.usda.gov/r6/reo/survey-and-manage/2001/surveymanage-2001-fseis-vol-i.pdf
https://www.fs.usda.gov/r6/reo/survey-and-manage/2001/surveymanage-2001-fseis-vol-i.pdf
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dependent on harvest of late-successional forest.  2000 FEIS for Amendments to Survey 

and Manage at 431. 

 

The 2000 FEIS for Amendments to Survey and Manage also included a robust effects analysis on 

how the Survey and Manage Amendments would affect the PSQ.  Id. at 432-37. 

 

The DEIS’s conclusion about the lack of effects on timber harvest volumes on NWFP lands is 

therefore premised on the inaccurate assumption that the proposed Amendment’s active 

management restrictions would not affect such lands.  To the contrary, because timber harvest 

volumes on these lands is based on active management strategies that the DEIS would restrict, 

the proposed Amendment would change the PSQs on these lands.  The DEIS thus failed to 

accurately evaluate how the proposed Amendment would affect the PSQs, or the effects of 

reduced timber harvest levels on ecological and socioeconomic conditions, including increased 

fuel loads and risks to forests and communities.  An accurate analysis would likely find that the 

proposed Amendment would significantly impact timber industry jobs in logging, wood product 

manufacturing, and pulp production, reducing critical revenue in rural communities and thus 

harming public services and causing other significant socioeconomic effects. 

 

Additionally, the proposed Amendment’s Adaptive Strategy for Old-Growth Forest Conservation 

has the potential to significantly alter the management objectives across an unknown number of 

NFS acres.  This alteration, if occurring on lands designated for timber production, would also 

change the PSQs.  As explained above, the PSQs were calculated on certain lands based on the 

principles of sustained-yield timber management.  These principles include a cycle consisting of 

intermediate harvests followed by final regeneration harvest that would establish a new forest 

cohort.  Application of the Adaptive Strategy on this land base would derail this cycle and render 

the PSQs irrelevant and unattainable.  Lands that were previously designated for long-term 

sustained yield timber production would be relegated as quasi-reserves where permanent old-

growth recruitment replaces timber production objectives.  Such an alteration will have 

significant effects on timber supply and fuel loads that the DEIS fails to acknowledge or 

evaluate. 

 

For the foregoing reasons, the Forest Service has failed to take a hard look at the proposed 

Amendment’s socioeconomic impacts in violation of NEPA. 

 

 Hard Look – Carbon/Climate  

 

The DEIS fails to take a hard look at the effects on management changes resulting from its 

proposed standards and guidelines.  Specifically, the Forest Service failed to adequately analyze 

the impacts of implementing the Adaptive Strategy outlined in Management Approach 1.a. 

Implementation of the Adaptive Strategy requires each National Forest to identify an unspecified 

number of acres where existing management objectives would be altered.  Even if it is currently 

unknown exactly how many acres would be subject to new restrictions, the Forest Service can 

and must make a reasonable forecast so that it can understand the effects of its action.  The 

agency can’t avoid its NEPA obligations and ignore effects simply due to the inclusion of an 

amorphous management approach such as the Adaptive Strategy.  The failure to provide this 
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effects analysis to the public also undermines the public’s ability to understand and meaningfully 

inform the proposed Amendment and alternatives.  
 

The provisions pertinent to the Adaptive Strategy appear in the DEIS as follows:  

 

Management Approach 1.a (NOGA-FW-MA-01a); Adaptive Strategy for Old-Growth Forest 

Conservation of the proposed Amendment directs each National Forest to “develop and adhere to 

an Adaptive Strategy for Old-Growth Forest Conservation.”  The Management Approach lists 

eight elements that this strategy would accomplish, including the identification and prioritization 

of areas for the “recruitment, retention and promotion of old-growth forests.”   

 

Management Approach 1.b (NOGA-FW-MA-01b) directs each National Forest to locate these 

“areas” where forests “have the inherent capability to sustain future old-growth forest.”   

 

Objective 1 (NOGA-FW-OBJ-01) directs each National Forest to “create or adopt an Adaptive 

Strategy for Old-Growth Forest Conservation within 2 years of the old-growth amendment 

record of decision.” 

 

Objective 2 (NOGA-FW-OBJ-02) directs each National Forest to “integrate priorities identified 

in the Strategy into the unit’s outyear program of work and initiate at least three proactive 

stewardship projects/activities in the planning area to contribute to the achievement of old-

growth forest desired conditions within one year of completing the Adaptive Strategy for Old 

Growth Forest Conservation Strategy.” 

 

Objective 4 (NOGA-FW-OBJ-04) directs each National Forest to ensure that “forest 

ecosystems within the plan area will exhibit a measurable, increasing trend towards appropriate 

amounts, representativeness, redundancy, and connectivity of old-growth forest that are resilient 

and adaptable to stressors and likely future environments within ten years of the Adaptive 

Strategy for Old-Growth Forest Conservation being completed.” 

 

Guideline 1 (NOGA-FW-GDL-01) states that “in areas that have been identified in the 

Adaptive Strategy for Old-Growth Forest Conservation as compatible with and prioritized for the 

development of future old-growth forest, vegetation management projects should be for the 

purpose of developing those conditions.” 

 

The Adaptive Strategy clearly directs each National Forest to drastically alter the management 

objectives on, to date, an unquantified amount of NFS land that is not identified as old-growth.  

These NFS lands are governed by direction in existing LMPs that include objectives such as 

timber production, wildfire risk reduction, and wildlife habitat creation.  The proposed 

Amendment would change these objectives and the direction in those LMPs.  The DEIS failed to 

take a hard look at the effects of those changes.  The management approaches, objectives, and 

guidelines outlined above provide no indication of the scale at which this “strategy” would be 

implemented.  The only guidance provided to local units is that this “strategy” should be applied 

to “areas where forests have the inherent capability to sustain future old-growth forest.”  Every 

acre of NFS land that is currently growing forests has the inherent capability to “sustain old-

growth forest.”   Although the DEIS is not clear on what “sustaining” means.  Forests are 
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dynamic systems.  No seral stage of forest development is static and therefore none can be 

“sustained.”   

 

This ambiguity on the scope and scale of the application of this strategy makes the requisite hard 

look analysis impossible.  The Forest Service violated NEPA because the DEIS failed to take the 

requisite hard look at the effects of implementing the preferred alternative, including the effects 

of changing how mature forests and “areas where forests have the inherent capability to sustain 

future old-growth forest” are managed.  Those effects are not limited to reducing timber harvest 

levels and associated ecological and socioeconomic effects, as we outlined above, but also to an 

array of other key resources.   

 

For example, the new management objectives and guidelines focused on old-growth recruitment 

associated with the Adaptive Strategy would have significant impacts on carbon and climate 

change.  Many standards and guidelines in existing LMPs allow and encourage regeneration 

harvest of mature forests.  In fact, the NFMA requires that the Secretary establish standards to 

ensure that timber harvest occurs after stands of trees have reached the culmination of mean 

annual increment (CMAI).  The age that corresponds to CMAI varies by National Forest and by 

forest type but generally occurs during the mature phase of stand development.  This phase also 

generally coincides with the point where trees become less effective at sequestering carbon. 

 

There is a growing body of science showing that timber harvest at or near CMAI maximizes the 

carbon sequestration potential of any given acre of forestland. 
 

A 2016 study published in Ecosphere by Gray et al. concluded that although large trees 

accumulated carbon at a faster rate than small trees on an individual basis, their contribution to 

carbon accumulation rates was smaller on an area basis, and their importance relative to small 

trees declined in older stands compared to younger stands.  That study also concluded that old-

growth and large trees are important carbon stocks, but they play a minor role in additional 

carbon accumulation.16 

 

Similar to the concepts validated by Gray et al., the USDA recently published a Technical Report 

on the future of America’s forests and rangelands.17   

 

Key points of the Report include: 

 

• The projected decrease in young forests and increase in older forests will result in overall 

decreases in growth rates and carbon sequestration.  Id. at 6-36. 

• The amount of carbon sequestered by forests is projected to decline between 2020 and 

2070 under all scenarios, with the forest ecosystem projected to be a net source of carbon 

in 2070.  Id. at 6-36. 

 
16 Andrew Gray, et al., Carbon Stocks and Accumulation Rates in Pacific Northwest Forests: role of stand age, plant 

community, and productivity, 7 Ecosphere 1, 1-19 (2016), 

https://esajournals.onlinelibrary.wiley.com/doi/pdf/10.1002/ecs2.1224 (last visited September 18, 2024). 
17 U.S. Dep’t of Agric., Forest Serv., Future of America’s Forest and Rangelands: Forest Service 2020 Resources 

Planning Act Assessment (July 2023), https://www.fs.usda.gov/sites/default/files/fs_media/fs_document/2020-RPA-

Assessment.pdf (last visited Sept. 17, 2024) (Technical Report). 

https://esajournals.onlinelibrary.wiley.com/doi/pdf/10.1002/ecs2.1224
https://www.fs.usda.gov/sites/default/files/fs_media/fs_document/2020-RPA-Assessment.pdf
https://www.fs.usda.gov/sites/default/files/fs_media/fs_document/2020-RPA-Assessment.pdf
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• Without active management, significant disturbance, and land use change, forests 

approach a steady state in terms of carbon stock change over time.  Id. at 6-27. 

• Annual carbon sequestration is projected to decrease, indicating carbon saturation of U.S. 

forests, due in part to forest aging and senescence.  Id. at 6-27. 

 

A recently published report by the Environmental Protection Agency echoed these conclusions 

regarding the adverse impacts to carbon sequestration due to forest “aging.”  The report 

concluded that, due to an aging forest land base, increases in the frequency and severity of 

disturbances in forests in some regions, among other drivers of change, forest carbon density is 

increasing at a slower rate resulting in an overall decline in the sink strength of forest land 

remaining forest land in the United States.18 

 

These and other research papers and assessments were identified and discussed in our comments 

to the December NOI, where we urged the Forest Service to consider the latest scientific studies 

in their carbon/climate change analysis. 

 

Based on these technical reports and assessments, it is clear that “aging forests” are hampering 

forest’s ability to maximize carbon sequestration and mitigate climate change.  The management 

implications of the Adaptive Strategy will restrict the Forest Service’s ability to conduct timber 

harvest at CMAI thereby inhibiting the capability of NFS lands to mitigate climate change by 

maximizing carbon sequestration.  Ironically, the Strategy attempts to expand the number of 

“aging forests” on the NFS, which will have a profound adverse impact on climate change.   

 

The DEIS provided only a cursory analysis of the proposed action’s effects on carbon and 

omitted entirely any effects analysis of climate change in general.  The DEIS acknowledged the 

importance of “carbon uptake” but provided no analysis of the proposed Amendment’s effects on 

carbon uptake.  Had the Forest Service conducted such an analysis based on the best available 

data, including the studies and data referenced above, the proposed Amendment’s potential to 

significantly affect carbon uptake/sequestration would have been revealed.  Nor did the Forest 

Service seek to quantify the effects of reduced carbon sequestration and increased greenhouse 

gas levels using the social cost of carbon or any other framework or explain why it could not.  

The Forest Service’s cursory review fails to meet NEPA’s hard look standard.  

 

Cumulative Effects  

 

“Every EIS must consider the cumulative impacts of the actions evaluated.”  Selkirk 

Conservation All. v. Forsgren, 336 F.3d 944, 958 (9th Cir. 2003).  Cumulative impacts represent 

the “incremental impact of the action . . . added to other past, present, and reasonably 

foreseeable future actions” undertaken by any person or agency.  40 C.F.R. § 1508.7 (emphasis 

added).  “To ‘consider’ cumulative effects, some quantified or detailed information is required . . 

. .  General statements about ‘possible’ effects and ‘some risk’ do not constitute a ‘hard look’ 

absent a justification regarding why more definitive information could not be provided.  

 
18 U.S. Env’t Prot. Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990-2022 (2024), 

https://www.epa.gov/system/files/documents/2024-04/us-ghg-inventory-2024-main-text_04-18-2024.pdf (last 

visited Sept. 17, 2024). 

https://www.epa.gov/system/files/documents/2024-04/us-ghg-inventory-2024-main-text_04-18-2024.pdf
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Neighbors of Cuddy Mountain v. U.S. Forest Serv., 137 F.3d 1372, 1380 (9th Cir. 1998).  

Moreover, “[i]t is not appropriate to defer consideration of cumulative impacts to a future date 

when meaningful consideration can be given now.”  Kern v. U.S. Bureau of Land Mgmt., 284 

F.3d 1062, 1075 (9th Cir. 2002).   

 

The Forest Service’s patent failure to consider these plan revision and amendment processes in 

its cumulative effects analysis violates NEPA.  Here, the DEIS failed to conduct any cumulative 

effects analysis on several reasonably foreseeable future actions, including the NWFP 

Amendment19 (where a draft EIS is imminent), the Blue Mountains Forest Plan revision,20 the 

Tongass Forest Plan revision,21 the Lolo Forest Plan revision,22 and other forest plan revision or 

amendment efforts.  These actions unquestionably fall under the scope of “reasonably 

foreseeable” future actions and need to be included in the cumulative effects analysis.  See 36 

C.F.R. § 220.3 (defining reasonably foreseeable future actions as “those Federal or non-Federal 

activities not yet undertaken, for which there are existing decisions, funding, or identified 

proposals”).   

 

The Forest Service’s failure to consider the NWFP Amendment in its cumulative effects analysis 

is particularly alarming.  The Secretary of Agriculture appointed a 21-member federal advisory 

committee to provide consensus recommendations on the amendment, which affect 19 Forest 

Plans.  The NWFP Amendment, once finalized, will provide direction on the management of 

old-growth and mature forests in the Pacific Northwest, and those future actions should have 

been considered in the Forest Service’s analysis for cumulative effects regarding this proposed 

Amendment.   

 

 Range of Alternatives 

 

Section 102(2)(H) of NEPA requires that the Forest Service “study, develop, and describe 

appropriate alternatives to recommended courses of action in any proposal which involves 

unresolved conflicts concerning alternative uses of available resources.”  42 U.S.C. § 

4332(2)(H).  Regulations pursuant to this section requires agencies to rigorously explore and 

objectively evaluate all reasonable alternatives and to briefly discuss the reasons for eliminating 

any alternatives that were not developed in detail.  40 C.F.R. §1502.14. 

 

 
19 The Forest Service announced that the Draft EIS for the NWFP Amendment will be released in October 2024.  See 

Press Release, U.S. Dep’t of Agric., Forest Serv., Update on the Release of the Draft Environmental Impact 

Statement for the Amendment to the Northwest Forest Plan (Aug. 27, 2024), https://www.fs.usda.gov/detail/r6/news-

events/?cid=FSEPRD1202159 (last visited Sept. 17, 2024).   
20 The Forest Service provided an opportunity to provide feedback on the Draft Assessment, Potential Species of 

Conservation Concern, Lands that May Have Wilderness Character draft inventory, and Wild and Scenic Rivers 

draft inventory from March 25 to May 26, 2024.  See U.S. Dep’t of Agric., Forest Serv., Blue Mountains Forest Plan 

Revision, https://www.fs.usda.gov/detail/umatilla/home/?cid=fseprd1188541 (last visited Sept. 17, 2024).   
21 The Tongass National Forest issued its Assessment in July 2024.  U.S. Dep’t of Agric., Tongass Nat’l; Forest, 

Tongass National Forest Plan Revision Assessment - Working Version of the Table of Contents and Literature Cited 

for all Assessment Sections (July 2024), https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd1197322.pdf 

(last visited Sept. 17, 2024).   
22 The Lolo National Forest issued its scoping letter on January 31, 2024.  U.S. Dep’t of Agric., Forest Serv., Lolo 

Nat’l Forest, Proposed Action Scoping Letter (Jan. 31, 2024), https://usfs-

public.app.box.com/s/j7h0ti0rl0933lj1cb5df6ro0nq42ylg (last visited Sept. 17, 2025). 

https://www.fs.usda.gov/detail/r6/news-events/?cid=FSEPRD1202159
https://www.fs.usda.gov/detail/r6/news-events/?cid=FSEPRD1202159
https://www.fs.usda.gov/detail/umatilla/home/?cid=fseprd1188541
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd1197322.pdf
https://usfs-public.app.box.com/s/j7h0ti0rl0933lj1cb5df6ro0nq42ylg
https://usfs-public.app.box.com/s/j7h0ti0rl0933lj1cb5df6ro0nq42ylg
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It is notable that all three action alternatives considered are limited in scope.  Each of these 

alternatives proposes similar restrictive standards and guidelines but to different degrees of 

intensity.  Absent are alternatives that consider addressing the purpose and need from different 

angles or perspectives.  This limited scope of alternatives does not satisfy NEPA regulations 

regarding rigorous exploration of reasonable alternatives. 

 

The Forest Service should have analyzed an alternative that eliminated inclusion of those 

National Forests that are currently governed by LMPs containing explicit protective standards 

and guidelines for old-growth protection and old-growth recruitment.  For example, as 

mentioned above, the NWFP Amendment’s finalization is imminent (end of 2025), but will 

occur after the proposed Amendment is adopted.  The consequence of these dueling amendment 

processes is that the environmental baseline (i.e., the status quo which serves as the basis for 

analyzing environmental consequences) for the NWFP Amendment would change from the 1994 

NWFP, as amended in 2006 for Survey and Manage, to the 1994 NWFP, as amended in 2006 for 

Survey and Manage and as amended by this proposed Amendment.  The change in 

environmental baseline during the development of the NWFP Amendment is disruptive and 

problematic: nineteen forest plans in the Pacific Northwest will operate under this proposed 

Amendment for a year before the Northwest Forest Plan Amendment is finalized.  The transition 

between this proposed Amendment and the NWFP Amendment will cause unnecessary 

disruptions/delay in forest management projects that would benefit old-growth stands.  For that 

reason, the Forest Service should have considered an alternative that excluded the forest plans 

implicated under the expected NWFP Amendment.   

 

Additionally, the Forest Service failed to consider an alternative that responded directly to the 

Threat Assessment.  Such an alternative would propose new standards to replace existing LMP 

standards that restrict active forest management designed to reduce threats from wildfire or 

insect and disease.  As we stated prior, active forest management to address these threats is 

currently restricted by existing standards that prohibit such management.  An alternative that 

considered and addressed those standards, rather than creating new ones, should have been 

considered.   

 

The Forest Service’s failure to consider a reasonable range of alternatives violates NEPA.   

 

ESA  

 

 Failure to Consult under Section 7 of the ESA 

 

The Forest Service has failed to consult with the U.S. Fish and Wildlife Service (FWS) and/or 

the National Marine Fisheries Service (NMFS) under Section 7 of the ESA.  To comply with the 

ESA, the Forest Service was required, at a minimum, to prepare, a biological assessment, given 

that listed species or critical habitat may be present over the 193 million acres of national forest 

lands that are impacted by the proposed Amendment.   

 

ESA Section 7 requires that federal agencies, “in consultation and with the assistance of the 

Secretary [of the Interior], insure that any action authorized funded, or carried out by such 

agency . . . is not likely to jeopardize the continued existence of any endangered species or 
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threatened species or result in the destruction or adverse modification of habitat.”  16 U.S.C. § 

1536(a)(2).  To fulfill the consultation requirement, agencies must request information from the 

Department of the Interior about whether listed species or critical habitat may be present in the 

area of a proposed action.  Id. § 1536(c).  If listed species or critical habitat may be present, the 

agency must conduct a biological assessment.  Id.  If, based on the biological assessment, the 

agency concludes that the action is likely to adversely affect listed species or critical habitat, it 

must undergo formal consultation with the FWS and NMFS, which includes preparation of a 

Biological Opinion.  See 50 C.F.R. § 402.14.   

 

Here, the Forest Service failed to follow the ESA’s consultation requirements.  The Forest 

Service determined that Section 7 consultation “was not warranted for the old-growth 

amendment at this time.”  DEIS at S-11 (emphasis added).  The Forest Service inappropriately 

concluded that “reasonable certainty of effects to species does not exist because of the national 

scale and programmatic nature of the old-growth amendment.”  Id.  However, the Forest Service 

never made its ESA-mandated threshold request to the Secretary of the Interior of whether listed 

species or critical habitat “may be present” in the proposed action area.  Given that the proposed 

Amendment encompasses 128 LMPs and hundreds of millions of acres, it is indisputable that 

listed species and critical habitat are present and implicated by the proposed Amendment.  The 

Forest Service simply ignored its obligations to prepare a biological assessment to determine 

whether formal consultation is necessary.  Nor did the Forest Service attempt to request a 

concurrence letter from the FWS or NMFS.   

 

The Forest Service’s contention that the national scope of the proposed Amendment relieves the 

agency of its ESA obligations has no legal support.  There is no authority under the ESA or 

relevant case law to support the Forest Service’s desire to circumvent its ESA obligations simply 

because the proposed action has a broad geographic scope.  In fact, FWS and NFFS’s 

Consultation Handbook acknowledges that consultation is required for forest plan amendments, 

like the proposed Amendment.  See Consultation Handbook at 5-7; id. at xxii (acknowledging 

that certain types of national or regional agency actions can have a streamlined consultation 

process but they are not exempted).23  The Forest Service’s rationale that Section 7 consultation 

is not required because effects are unknown is also contradicted by the DEIS itself, which 

includes an entire section that evaluates effects on endangered species.  The analysis itself is 

deficient because, among other reasons, it fails to address the harm to wildlife caused by 

increased fuels loads that result from constraining timber harvest and other active management in 

additional areas.  The analysis clearly underscores the need for an effects analysis under Section 

7.  

 

The Forest Service claims that it “commits” to Section 7 consultation for any future old-growth 

conservation actions “where impacts to listed species would occur.”  The ESA does not allow for 

a wait and see approach.  Rather, it prohibits “Federal agencies from ‘steamrolling’ activity in 

order to secure completion of the [proposed action] regardless of their impact on endangered 

species.”  N. Slope Borough v. Andrus, 486 F.Supp.332, 356 (D.D.C.), order vacated in part sub 

 
23 U.S. Fish and Wildlife Serv. and Nat’l Marine Fisheries Serv., Endangered Species, Consultation Handbook, 

Procedures for Conducting Consultation and Conference Activities Under Section 7 of the Endangered Species Act 

(Mar. 1998), https://www.fws.gov/sites/default/files/documents/endangered-species-consultation-handbook.pdf. (last 

visited Sept. 17, 2024).  

https://www.fws.gov/sites/default/files/documents/endangered-species-consultation-handbook.pdf
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nom. Nat’l Wildlife Fed’n v. Andrus (D.C. Cir. July 8, 1980), and aff’d in part, rev’d in part, 642 

F.2d 589 (D.C. Cir. 1980); see 16 U.S.C. § 1536(d).   

 

The proposed Amendment would select national management directives from among 

alternatives, and thus plainly foreclose alternative management regimes.  In sum, the Forest 

Service has failed to comply with the ESA.  While formal consultation and a Biological Opinion 

are clearly required, the Forest Service has failed to even prepare a biological assessment to 

determine whether formal consultation with the FWS or NMFS is necessary or seek a 

concurrence letter finding that formal consultation is not necessary.  See, e.g., Friends of 

Clearwater v. Petrick, 588 F.Supp.3d 1071, 1085 (D. Idaho Mar. 2, 2022) (“The plain language 

of the statute and regulation thus set out a simple two-step process for an action agency to 

comply with section 7(c)(1): receive an adequate list and prepare biological assessments for any 

species on that list.”).  

 

Significant Regulatory Action Subject to OMB Review  

 

EO 12866, as amended by EO 14094,24 requires federal agencies to assess the potential costs and 

benefits of “significant” rules and submit this assessment, along with each rule, to OMB’s Office 

of Information and Regulatory Affairs for review.25  EO 14094 defines “significant regulatory 

action” as any regulatory action that is likely to result in a rule that may, among other things, 

“have an annual effect on the economy of $200 million or more”; or may “adversely affect in a 

material way the economy, a sector of the economy, productivity, competition, jobs, the 

environment, public health or safety, or State, local, territorial, or tribal governments or 

communities.”  88 Fed. Reg. 21,879, 21,879 (Apr. 6, 2023) (emphases added).26  The Forest 

Service is required to consider the costs and benefits of the proposed Amendment, which is a 

significant regulatory action that is expected to have large economic effects, and to design the 

proposed Amendment in a cost-effective manner to ensure that the benefits of its action justify 

the costs.   

 

The Forest Service has not completed any meaningful analysis of the significant economic 

impacts the proposed Amendment would have on the local and national economies dependent on 

timber harvest.  The proposed Amendment expressly revises Standard 3 (NOGA-FW-STD-03), 

which has been “completely reworded” so that active forest management in old-growth forests 

“shall not be for the purpose of timber production as defined in 36 CFR 219.19.”  DEIS at 49.  

Though the DEIS cites and incorporates the agency’s “SocioEcon and Cultural Impacts Analysis 

Report” (SocioEcon and Cultural Report, DEIS at 1), the DEIS and the Report couches the 

proposed Amendment’s economic impacts primarily in terms of recreation and sustainability, not 

in terms of the real economic losses—direct and indirect, immediate and long-term—from the 

loss of timber harvest and wood products production.27   

 
24 Proclamation No. 14094, Modernizing Regulatory Review, 88 Fed. Reg. 21,879 (Apr. 6, 2023) (EO 14094). 
25 See Cong. Rsch. Serv., Cost-Benefit Analysis in Federal Agency Rulemaking (Mar. 8, 2022), 

https://crsreports.congress.gov/product/pdf/IF/IF12058 (last visited Sept. 17, 2024). 
26 Section 1(b) of EO 14094, which amends section 3(f) of EO 12866. 
27 U.S. Dep’t of Agric., Forest Serv., DRAFT Social, Economic and Cultural Impacts Analysis Report for the Draft 

EIS for Amendments to LMPs to Address Old-Growth Forests Across the NFS (June 2024), https://usfs-

https://crsreports.congress.gov/product/pdf/IF/IF12058
https://usfs-public.app.box.com/v/PinyonPublic/file/1566823060212
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The Forest Service expressly states that the proposed Amendment, “as currently proposed, would 

prohibit vegetation management within old-growth forest conditions when the purpose is to 

grow, tend, harvest, or regenerate trees for economic reasons.”28  But the DEIS concludes, 

without support, that “the timber industry is unlikely to be impacted by the amendment, although 

regional impacts may occur,” and “no effects are expected on traditional timber industry jobs in 

logging, wood product manufacturing, and pulp production.”  DEIS at S-14.  

 

The Forest Service’s conclusions are internally inconsistent and patently false, given that the 

forest products industry will be affected by the proposed Amendment.  As outlined above and 

contrary to the Forest Service’s assertions, the proposed Amendment will effectively modify 

timber suitability and alter PSQs on an undisclosed amount of NFS acres.  The direct effects to 

the forest products industry as a result of these changes can be assessed by considering the 

impacts to the industry following past amendments with similar components.  The NWFP, which 

amended 19 LMPs, also drastically modified timber suitability and PSQs and serves as a 

reasonable comparison for effects on the timber industry.   

 

The NWFP 10-Year Monitoring Report29 on socioeconomics analyzed and summarized the 

immediate effects of the authorization and implementation of that Plan.  It concluded that 

“Federal timber supplies dropped over the course of the 1990s, and federal agencies did not 

produce anticipated PSQ volumes. Thirty thousand direct timber industry jobs were lost between 

1990 and 2000 in the Plan area.  About 19,000 of these jobs were lost between 1990 and 1994, 

and the main cause was reduced timber supplies across ownerships.”  It went on to state that 

“Roughly 11,400 of the lost jobs can be attributed to cutbacks in federal harvests.”  Finally, 

it concluded that “40 percent of the communities within 5 miles of FS- or BLM-managed lands 

had decreases in socioeconomic well being between 1990 and 2000.”  NWFP 10-Year 

Monitoring Report at 13.  These effects to the forest products industry and the rural communities 

where they are primarily located should have been analyzed in the DEIS as the proposed 

Amendment’s impacts to those resources will be similar to those impacts imposed by the NWFP 

30 years ago.  

 

A 2010 report by Paul F. Ehinger & Associates summarized mill closures and job losses in five 

states from 1990 to 2010. 30  Closures in three of those states, Washington, Oregon, and 

California, were located in the footprint of the NWFP.  A total of 327 mills in those states closed 

during this time period, resulting in the loss of 29,131 jobs.  These closures and job losses were 

at least partially a function of the NWFP Amendment that significantly reduced PSQs through 

the establishment of millions of acres of reserves where timber production was prohibited.  

 
public.app.box.com/v/PinyonPublic/file/1566823060212 (last visited Sept. 17, 2024) (SocioEcon and Cultural 

Report). 
28 U.S. Dep’t of Agric., Forest Serv., National Old-Growth Amendment 

https://leg.mt.gov/content/Committees/Interim/2023-2024/Environmental-Quality-Council/EQC_Meetings/2024-

June-17/Old-Growth-Amendment-USFS.pdf (last visited Sept. 17, 2024). 
29 Susan Charnley, et al., Northwest Forest Plan, The First 10 Years (1994-2003), Socioeconomic Monitoring 

Results, Volume I: Key Findings (Apr. 2006), https://www.fs.usda.gov/pnw/pubs/pnw_gtr649.pdf (last visited Sept. 

17, 2024). 
30 Paul F. Ehinger and Assocs., Summary Description of Mill Closure Data From 1990 – 2010, (Dec. 15, 2010) 

https://amforest.org/wp-content/uploads/2016/01/Mill_Closures.pdf (last visited Sept. 17, 2024). 

https://usfs-public.app.box.com/v/PinyonPublic/file/1566823060212
https://leg.mt.gov/content/Committees/Interim/2023-2024/Environmental-Quality-Council/EQC_Meetings/2024-June-17/Old-Growth-Amendment-USFS.pdf
https://leg.mt.gov/content/Committees/Interim/2023-2024/Environmental-Quality-Council/EQC_Meetings/2024-June-17/Old-Growth-Amendment-USFS.pdf
https://www.fs.usda.gov/pnw/pubs/pnw_gtr649.pdf
https://amforest.org/wp-content/uploads/2016/01/Mill_Closures.pdf
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Comparable outcomes resulting from the proposed Amendment are likely, given the similar 

restrictive nature of both amendments.  Denying this reality is deeply offensive to the tens of 

thousands of workers, families, and businesses in the West and beyond that rely on federal land 

management for their livelihoods and purpose.   

 

The Forest Service is required to give substantive consideration of the social and economic 

sustainability of the proposed Amendment, including analytical requirements, which the agency 

has not done here.  36 C.F.R. § 219.8(b).  Nor has the Forest Service submitted the proposed 

Amendment for analysis by the OMB. 

 

EO 12866 requires agencies to conduct a regulatory analysis for regulatory actions that are 

significant, and a benefit-cost analysis is the primary analytical tool used for that analysis.31  EO 

12866 requires that agencies “shall assess both the costs and the benefits of the intended 

regulation and, recognizing that some costs and benefits are difficult to quantify, propose or 

adopt a regulation only upon a reasoned determination that the benefits of the intended 

regulation justify its costs.”  58 Fed. Reg. 51,735, 51,736 (Oct. 4, 1993) (Section 1(b)(6)) 

(emphasis added).  Further, EO 14094 directs that “[r]egulatory analysis, as practicable and 

appropriate, shall recognize distributive impacts and equity, to the extent permitted by law.”  88 

Fed. Reg. 21,879, 21,879 (Apr. 6, 2023) (emphasis added). 

 

Not only is the DEIS devoid of any discussion of the real economic impacts the proposed 

Amendment will have to the timber industry and the local and national economics it supports, it 

makes no mention of satisfying the requirements of EO 12866 or OMB review.  Further, the 

SocioEcon and Cultural Impacts Analysis Report makes only one mention of EO 12866, 

SocioEcon and Cultural Report at 77, completely omitting EO 12866’s requirements, makes no 

mention of EO 14094, and provides no responses to the requirements of either EOs, the 

significance monetary threshold, or meaningful analysis of the potential economic impacts of the 

proposed Amendment.  Had the Forest Service properly accounted for those impacts, the results 

would meet that threshold and require OMB review. 

 

Conclusion 

 

The forest products sector, including AFRC and its members, are partners of the Forest Service 

who can help advance its mission to improve the health and productivity of NFS lands.  We are 

also integral to mitigating the most immediate threats to our national forests and public health: 

wildfires, insects and disease infestations, and toxic smoke polluting our air and impacting our 

most vulnerable populations.  We spend a significant amount of time and energy each year 

advocating on behalf of the Forest Service to provide the agency with adequate funding and the 

necessary tools to help it navigate a labyrinth of regulations and standards that stand in the way 

of meeting its mission and addressing these threats.  We make every effort to remove barriers 

that inhibit the Forest Service’s ability to effectively manage NFS lands.  We work closely with 

local units to assist and support them in their efforts to implement treatments that align with 

these goals.  Unfortunately, this proposed Amendment runs counter to each of these efforts by 

 
31 See Off. of Mgmt. and Budget, Circular No. A-4, Regulatory Analysis (Nov. 9, 2023) 

https://www.whitehouse.gov/wp-content/uploads/2023/11/CircularA-4.pdf (last visited Sept. 17, 2024) (providing 

the most recent guidance to agencies on the development of regulatory analysis required under EO 12866). 

https://www.whitehouse.gov/wp-content/uploads/2023/11/CircularA-4.pdf
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creating new barriers and additional layers of complexity to an already failing management 

paradigm.  As such we are unable to find a path forward through the proposed action alternatives 

that we can wholly support.  

 

Ultimately, we urge the Forest Service to select Alternative 1, the no-action alternative.  The 

Forest Service should reconsider its current approach; meaningfully address the legal, policy, 

public engagement, and scientific concerns outlined above; and determine if the current process 

and alternatives are the best and only way forward to achieve its goals.  However, we suspect 

that such a decision is unlikely at this point.  If the Forest Service does select one of the action 

alternatives, we strongly urge the Forest Service to consider the immediate impacts to projects 

currently in the NEPA planning process.  It would be prudent for the Forest Service to include 

explicit language in the final decision that allows those projects to proceed unaffected by the 

impending Amendment.  A widespread “reset” of hundreds of projects, most of which are 

designed to reduce the risk of high severity wildfire, would be disastrous to the forest sector 

infrastructure and workforce, the Forest Service’s other partners, the health and resiliency of the 

NFS, and America’s rural, forested communities. 

 

Sincerely, 

 

 

 

 

Travis Joseph 

President/CEO   
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policy

A Restoration Framework for Federal Forests
in the Pacific Northwest
Jerry F. Franklin and K. Norman Johnson

We outline elements of a forest restoration strategy designed to produce ecological and economic benefits on
federal forests in Oregon and Washington, along with some of their policy and management implications.
Implementation of this restoration strategy has begun on 11 projects (at scales from hundreds to thousands of
acres) on federal lands. On Moist Forest sites (MF), the strategy calls for reserving older forest stands, thinning
plantations to accelerate development of structural complexity, and implementing variable retention harvests in
younger forests to help provide diverse early seral ecosystems. On Dry Forest (DF) sites, the strategy calls for
silvicultural treatments that retain and release older trees, reduce stand densities, shift composition toward fire-
and drought-tolerant tree species, and incorporate spatial heterogeneity at multiple spatial scales. Immediate
goals of this restoration framework include increased ecological integrity and resilience in DFs, increased diversity
and complexity of successional stages in MFs, and provision of wood products to local communities. Over the
long run, we believe this program can provide an acceptable pathway to sustained yield on federal forestlands
in the Pacific Northwest.

Keywords: Dry Forest, forest restoration, Moist Forest, northern spotted owl, old-growth, retention harvest

I n the last few years, we have reported
to members of the US Congress and
the US Department of the Interior

Secretary of Interior on the potential of
developing management strategies in the
Pacific Northwest (PNW) that integrate
old-growth protection with other ecological
and economic benefits on federal lands.1 As
with much of the western United States, ex-
tensive forestlands in the PNW are con-
trolled by the federal government (Figure 1),
and their use and management has long
fueled conflicts between different groups
and agencies. Recent successes with the thin-
ning of plantations in western Oregon and
Washington and fuel reduction projects in

the wildland-urban interface by the USDA
Forest Service in eastern parts of those states
have helped to build public trust (Thomas et
al. 2007, Toman et al. 2011) and we seek to
build on those successes.

Ecological restoration on public lands,
as suggested here, represents more than an
academic exercise—it has become a socio-
political reality. In fact, comprehensive eco-
logical restoration is becoming the founda-
tion of federal land management across the
nation (e.g., Bosworth 2006). In 2009, the
USDA Secretary of Agriculture announced a
restoration vision for the national forests
(Vilsack 2009), ultimately reinforced in the
recently adopted US Forest Service planning

rule (USDA 2012). Furthermore, activities
to sustain habitat and restore ecosystem
health are emphasized in the new northern
spotted owl (NSO; Strix occidentalis cau-
rina) recovery plan, which describes the res-
toration of ecosystem structures and pro-
cesses as being good for NSO (USDI Fish
and Wildlife Service 2011). In early 2012,
the Secretary of Interior proposed expansion
of ecological forestry projects in western
Oregon to provide sustainable timber and
healthier habitat (US Bureau of Land Man-
agement [BLM] 2012). These new projects
will cover more than 5,000 ac and explore
compatibility between forest restoration and
protection of NSO.

But can restoration needs of federal for-
ests in the PNW be fulfilled while also meet-
ing other societal needs? Ecological restora-
tion is grounded in principles of ecosystem
science, including ecosystem dynamics, dis-
turbance ecology, and landscape ecology.
However, restoration activities will have to
provide economic returns if they are to be
widely implemented, with such benefits typ-
ically coming from commercial timber har-
vest. Indeed, shrinking federal budgets will
require that restoration activities be at least
partially self-supporting, if large-scale resto-
ration is going to occur. Furthermore, sig-
nificant skepticism about the effectiveness of
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ecosystem restoration must be overcome,
even though the general concept enjoys wide
public support (Shindler and Mallon 2009).

A Strategic Restoration
Framework

We begin with the following definition
provided by the US Forest Service (USDA
2012, p. 21272) in its new planning rule:

[Restoration is] the process of assisting the
recovery of an ecosystem that has been de-
graded, damaged, or destroyed. Ecological
restoration focuses on reestablishing the
composition, structure, pattern, and eco-

logical processes necessary to facilitate ter-
restrial and aquatic ecosystems sustainabil-
ity, resilience, and health under current and
future conditions.

In applying this definition we emphasize
several elements. First, restoration should
focus on entire ecosystems rather than indi-
vidual attributes, such as fuels. Programs
with singular resource objectives generally
marginalize other important values (e.g.,
Gunderson et al. 1995), resulting in less re-
silient ecosystems and communities. Focus-
ing broadly on restoring ecosystems serves a
wider range of natural resource and stake-

holder interests. Second, restoration should
center on restoring resilience and function-
ality in the context of desired future con-
ditions, even while learning from the past.
Attempting to return landscapes to a given
historical state is unlikely to create either re-
silience under current and future conditions
or socially desirable outcomes (Hobbs et al.
2011). Third, restoration efforts should
prioritize the most degraded environments.
By “degraded” we mean, e.g., ecosystems
where human activities have increased the
risk of catastrophic disturbances or created
extensive landscapes deficient in important
successional stages, such as early seral and
old-growth ecosystems. Finally, any com-
prehensive restoration effort must recognize
differences among ecosystems and set treat-
ment goals accordingly—a one-size-fits-all
approach will almost certainly fail. Hence,
we divide PNW federal forestlands into
“moist forests” (MF) and “dry forests” (DF)
because these contrasting environments re-
quire fundamentally different policies and
practices, including approaches to old-
growth conservation.

Defining MFs and DFs
The DF and MF classification of feder-

ally controlled forests with which we begin is
a more appropriate ecological stratification
than the traditional categorization of PNW
forests as “westside” and “eastside.” Rather
than using geography, we used scientifically
defined plant associations to assign forest
sites to their respective DF and MF catego-
ries (Table 1), with both conditions occur-
ring on both sides of the Cascade Range.
These plant associations reflect distinctive
compositions, growth conditions, and his-
torical disturbance regimes (e.g., Atzet et al.
1992), such as broad gradients in fire behav-
ior in PNW forests that reflect variability in
both site and landscape conditions. Another
advantage to plant associations is that they
are readily identifiable in the field by trained
resource professionals.

MF and DF sites have contrasting his-
toric disturbance regimes. Historically, MFs
generally experienced large infrequent (in-
tervals of one to several centuries) wildfires,
which included extensive areas where fire se-
verity resulted in stand-replacement condi-
tions (Agee 1993). DF sites experienced pre-
dominantly low- and mixed-severity fire
behaviors at frequent (e.g., 5–35 year) inter-
vals (Agee 1993, Perry et al. 2011). Some
plant associations currently straddle the
boundary between MF and DF stratifica-

Figure 1. Distribution of federal forestlands in the PNW showing locations of projects
demonstrating the restoration principles discussed in this article. (D. Johnson, Applegate
Forestry, provided this figure.)
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tion, but climate change is expected to in-
creasingly shift these associations toward DF
status with projected increases in wildfire
frequency (e.g., Dello and Mote 2010, Spies
et al. 2010).

Characteristics and Current State
of MFs

MF ecosystems undergo many cen-
turies of stand development and change af-
ter major disturbances, such as severe wild-
fire or windstorm, before achieving the
massiveness and structural complexity of
old-growth forests (Franklin et al. 2002).
Ecosystem development is relatively well un-
derstood, with distinctive early seral, young,
mature, and old stages (Franklin et al. 2002;
Figure 2); intermediate disturbances can
alter developmental patterns (Franklin and
Spies 1991, Spies 2009).

Composition, structure, and function
of existing unmanaged old-growth MFs gen-
erally are relatively unaffected by human
activities, except at stand edges (Forest Eco-
system Management Assessment Team
1993). Management activities in these exist-
ing old-growth MFs, such as thinning, are
not needed to sustain conditions in these
forests and can actually cause old-growth
MFs to diverge widely from natural forests
in structure and function or become desta-
bilized (Franklin et al. 2002). Wildfire sup-
pression is typically consistent with efforts
to retain such forests—i.e., it is not known

to result in significant changes in MF ecosys-
tems (Agee 1993).

Restoration may be needed in MF
landscapes in which old-growth stands are
embedded, however. Many MF landscapes
are currently dominated by dense young
plantations, which are low in biodiversity
and deficient in the early (preforest) and
late (mature and old-growth) successional
stages, which are richest in biodiversity.
Late-successional MFs provide habitat for
thousands of species including the NSO
and other habitat specialists (Forest Ecosys-
tem Management Assessment Team 1993);
past timber harvests have greatly reduced
their extent and continuity (e.g., Wimberly
2002, Spies et al. 2007). Continued decline
in NSO populations across much of its
range have heightened the importance of re-
taining the remaining late-successional for-
ests (Forsman et al. 2011).

Early successional or seral MF sites are
highly diverse, trophic- and function-rich
ecosystems that occur after a severe distur-
bance but before the reestablishment of a
closed forest canopy (Greenberg et al. 2011,
Swanson et al. 2011). Theoretically, distur-
bances of either natural (e.g., wildfire) or hu-
man (e.g., timber harvest) origin are capable
of generating this stage. Large natural dis-
turbances often produce high-quality early
seral ecosystems provided they are not inten-
sively salvaged and replanted (Swanson et al.
2011), but such disturbances are poorly dis-
tributed in time and space. For example, less
than 1% of suitable NSO habitat (complex
forest) was transformed by wildfire into early
successional habitat between 1996 and 2006
in MF-dominated provinces of the North-
west Forest Plan (NWFP; USDI Fish and
Wildlife Service 2011). Areas devoted to in-
tensive timber production generally provide
little high-quality early seral habitat for sev-
eral reasons. First, few or no structures from
the preharvest stand (e.g., live trees, snags,
and logs) are retained on intensively man-
aged sites but are abundant after severe nat-
ural disturbances (Swanson et al. 2011). Ad-
ditionally, intensive site preparation and
reforestation efforts limit both the diversity
and the duration of early seral organisms,
which may also be actively eliminated by use
of herbicides or other treatments (Swanson
et al. 2011). Consequently, many MF land-
scapes currently lack sufficient representa-
tion of high-quality early seral ecosystems
because of harvest, reforestation, and fire
suppression policies on both private and
public lands (Spies et al. 2007, Swanson et

al. 2011). Functional early seral habitat can
be created using regeneration harvest pre-
scriptions that retain biological legacies and
use less intensive approaches to reestablish-
ment of closed forest canopies, as discussed
later.

Characteristics and Current State
of DFs

Historical forest conditions on DF sites
have been extensively summarized (e.g.,
Noss et al. 2006, Courtney et al. 2008, and
Johnson et al. 2008). Low tree densities and
dominance by larger, older trees of fire- and
drought-resistant species, such as ponderosa
pine (Pinus ponderosa) and western larch
(Larix occidentalis), characterized many DF
sites (Munger 1917, Youngblood et al.
2004, Spies et al. 2006, Kolb et al. 2007,
Johnson et al. 2008; Figure 3). Spatial het-
erogeneity, including fine-scale low-contrast
structural patchworks, was also characteris-
tic (Franklin and Van Pelt 2004, Larson and
Churchill 2012) (Figure 3). Denser, more
even-structured stands, consisting of mix-
tures of Douglas-fir (Pseudotsuga menziesii),
grand fir (Abies grandis), western larch, and
ponderosa pine, occurred and even domi-
nated some DF landscapes as a result of
more severe fires and insect epidemics (e.g.,
Hessburg et al. 2005, 2007).

Composition and structure of existing
DF landscapes have been dramatically al-
tered by decades of fire suppression, grazing
by domestic livestock, timber harvesting,
and plantation establishment (Noss et al.
2006) resulting in (1) many fewer old trees
of fire-resistant species, (2) denser forests
with multiple canopy layers, (3) more
densely forested landscapes with continuous
high fuel levels, and, consequently, (4) more
stands and landscapes highly susceptible to
stand-replacement wildfire and insect epi-
demics (e.g., Hessberg et al. 2005, Noss et al.
2006). Outbreaks of western spruce bud-
worm (Choristoneura occidentalis) and other
defoliators are currently widespread in ma-
ture stands of grand fir and Douglas-fir and
have been for over 30 years. In southwestern
Oregon, DF sites that have not been pre-
viously harvested are largely occupied by
dense maturing Douglas-fir stands, which
appear to be the first generation of closed
conifer forests on many of these sites. His-
torically, these DF landscapes were occupied
by diverse communities including open
grasslands, shrub fields, oak savannas, and
mixed hardwood and conifer woodlands
(McKinley and Frank 1996).

Table 1. Assignment of plant association
series and groups to MF and DF
categories. Moist grand and white fir
associations are intermediate and may be
appropriately considered as either MF or
DF, depending on circumstances.

MF
Western hemlock (Tsuga heterophylla) series
Sitka spruce (Picea sitchensis) series
Western redcedar (Thuja plicata) series
Pacific silver fir (Abies amabilis) series
Mountain hemlock (Tsuga mertensiana) series
Subalpine fir-Engelmann spruce (Abies lasiocarpa-

Picea englemanni) series
Tanoak (Lithocarpus densiflorus) series

Moist grand fir (Abies grandis) Plant Association
Group

Moist white fir (Abies concolor) Plant Association
Group

DF
Ponderosa pine (Pinus ponderosa) series
Oregon white oak (Quercus garryana) series
Douglas-fir (Pseudotsuga menziesii) series
Jeffrey pine (Pinus jeffreyi) series
Dry grand fir Plant Association Group
Dry white fir Plant Association Group
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Ecological Forestry as a Basis
for Restoration Prescriptions

Our silvicultural proposals are based on
“ecological forestry” concepts, which incor-
porate principles of natural forest develop-
ment, including the role of natural dis-
turbances in the initiation, development,
and maintenance of stands and landscape
mosaics (Seymour and Hunter 1999, North
and Keeton 2008, Bunnell and Dunsworth
2009, Long 2009). Key elements of eco-
logical forestry include (Lindenmayer and
Franklin 2002, Franklin et al. 2007) (1) re-
taining structural and compositional ele-
ments of the preharvest stand during re-
generation harvests (Franklin et al. 1997,
Gustafsson et al. 2012); (2) using natural
stand development principles and processes
in manipulating established stands to restore
or maintain desired structure and compo-
sition; (3) using return intervals for silvi-

cultural activities consistent with recovery
of desired structures and processes; and
(4) planning management activities at land-
scape scales, using knowledge of spatial pat-
tern, and ecological function in natural
landscapes.

Protection of Older Stands and Trees
Elements of ecological forestry differ in

their application, even though they share a
common theme. For example, management
of old trees and stands would vary as a func-
tion of forest type. On MF sites, older forest
stands on federal lands are retained under
our restoration strategy because of their eco-
logical and social significance, whether they
are located inside or outside of current re-
serves. In addition, older trees in any treated
younger MF stands are also retained. On DF
sites, older trees are retained under our res-
toration strategy, regardless of their size. On

these sites, the focus is on individual old
trees rather than stands because active man-
agement is often necessary to restore DF
stands to more resilient conditions, includ-
ing enhancement of the survival of old trees.

In the PNW, the occurrence of older
trees and forests currently is far below the
historic range of variability, despite their
ecological importance (Spies 2009). De-
cades of legal battles over older stands and
trees are clear evidence of societal interest in
them; these conflicts have perpetuated stake-
holder distrust of foresters and diverted at-
tention from restoration (Thomas et al.
2007, Spies et al. 2009). Although it seems
straightforward, classifying trees or stands as
old is not a simple task. The age at which
forests are deemed “older” is a social deci-
sion, influenced but not defined by scientific
input, with age a commonly used surrogate
in determining which forests are going to be

Figure 2. Major stages in MF development after a stand-replacement event. (A) Early seral or preforest ecosystem dominated by diversity
of plant life forms. (B) Young forest ecosystem dominated by Douglas-fir with high stem densities and a closed forest canopy. (C) Mature
forest ecosystem dominated by Douglas-fir, which is undergoing reestablishment of the understory community, including regeneration of
shade-tolerant tree associates. (D) Old forest ecosystem dominated by mixture of tree species, including Douglas-fir and western hemlock,
with a diverse and spatially variable understory of cryptogams, ferns, herbs, shrubs, and small trees.
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preserved from timber harvest. Age limits
can also vary based on ecological thresholds,
management objectives, and ease of imple-
mentation. For example, in a prior analysis
we have used 80, 120, and 160 years to iden-
tify “older” in MFs (Johnson and Franklin
2009), an age range that goes from retaining
all late-successional forests (80), to retaining
most mature and all old-growth forests
(120) or (at a threshold age of 160) retaining
the oldest mature and all old-growth forests.

Given the importance of age, the initial
selection of individual trees for retention in
treated DFs is based on age rather than
size—i.e., we use an age limit rather than a
diameter limit.2 Diameter limits can result
in undesirable outcomes in DF restoration,
such as by allowing removal of small older
trees important to stand complexity and
function. Diameter limits also can prohibit
removal of large young trees that provide
ladder and crown fuels and competition,
thereby increasing the potential for wild-
fire or drought to kill old trees (McDowell
et al. 2003, Johnson et al. 2008). We also do
incorporate retention of younger, larger-
diameter trees for wildlife and other pur-
poses in our prescriptions, especially when
they offer no threat to older trees.

Our focus on older trees rather than
simply larger ones is because older trees have
distinctive ecological characteristics and
functions. Older trees are not simply larger

versions of young trees. Trees acquire dis-
tinctive physiological and structural features
from the aging process and responses to
physical and biotic damage (e.g., wind, dis-
ease, parasites, and insects; Table 2). Such
characteristic features of old trees (often in-
cluding their larger size) make them struc-
tural cornerstones in forests, contributing to
ecosystem services, such as wildlife habitat,
resistance to fire and drought, and genetic
reservoirs, and require centuries to replace.

MF Restoration Strategy
Our MF strategy focuses on increasing

the underrepresented late-successional for-
ests and early seral ecosystems (Table 3).
Demonstration projects using these MF re-
generation harvest principles are underway
on the Roseburg and Coos Bay Districts of
the BLM and at least two more projects are
being planned (Figure 1; Wheeler 2012). As
mentioned earlier, older forest stands on
MF sites on federal lands will be retained
(both inside and outside of current reserves)
to protect their ecological and social sig-
nificance. The MF strategy also includes the
thinning of younger forests to accelerate de-
velopment of structural complexity charac-
teristic of older forest stands.

The most potentially controversial ele-
ment of our MF restoration strategy is re-
sumption of regeneration harvesting in
younger stands using variable retention pre-

scriptions (Figure 4). One specific objective
of these harvests is to provide for continued
creation of diverse early seral ecosystems in
MF landscapes, as a part of a silvicultural
system that includes management of mixed-
age, mixed-species forests over long (e.g.,
100–160 years) rotations. Very few regener-
ation harvests are currently planned in fed-
eral MFs in the PNW, outside of the projects
described in this article, primarily because
past proposed harvests in mature and old-
growth stands have been litigated consis-
tently. Existing timber harvests are currently
confined to thinning younger stands (Baker
et al. 2006, Thomas et al. 2007).

We expect the resumption of regen-
eration harvests on federal lands to be con-
troversial partly because stakeholders usu-
ally equate it with the unpopular practice
of clearcutting (Bliss 2000). However, we
propose using variable retention harvesting
and not clearcutting; these are very different
approaches. Unlike conventional clearcuts,
variable retention harvests incorporate sig-
nificant elements of the preharvest stand

Figure 3. Dry Forest dominated by ponderosa pine illustrating the fine-scale mosaic that
includes openings and patches dominated by tree reproduction and by mature and old
trees; such conditions were historically characteristic of many, but not all, DF landscapes
(Yakima Indian Reservation, Washington).

Table 2. Some distinguishing
characteristics of old conifers of ecological
significance.

Heartwood accumulations and development of thick
fire-resistant bark (Van Pelt 2008)

Abundant microhabitats important for maintaining
biodiversity (Michel and Winter 2009)

Highly individualistic canopies including large
branches, epicormic branch systems, and multiple
tops (Van Pelt 2008, Van Pelt and Sillett 2008)

Presence of cavities, pockets of decayed wood, and
brooms (Van Pelt 2008)

Table 3. Elements of MF restoration
strategy.

Retain existing older stands and individual older
trees found within younger stands proposed for
management, using a selected threshold age

Accelerate development of structural complexity
in younger stands, using diverse silvicultural
approaches (Bailey and Tappeiner 1998, Garman
et al. 2003, Carey 2003, Wilson and Puettmann
2007)

Implement variable retention regeneration harvests
(Franklin et al. 1997, Beese et al. 2003, Franklin
et al. 2007, Gustafsson et al. 2012) in some
younger MFs, retaining such structures as
individual trees, snags, and logs and intact forest
patches

Accommodate development of diverse early seral
ecosystems following harvest, by using less intense
approaches to site preparation and tree regeneration

Embed preceding objectives in a silvicultural system
that includes creation and management of
multiaged, mixed-species stands on long rotations
(e.g., 100–160 yr)
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through the next rotation, including un-
disturbed forest patches and individual live
and dead trees, to enrich the biodiversity,
ecological processes, and structural diversity
of the postharvest stand (Franklin et al.
1997, Gustafsson et al. 2012, Lindenmayer
et al. 2012; Figure 4). Our current proposal

for MF regeneration harvest calls for reten-
tion of approximately 30% of the preharvest
stand as patches, plus some additional reten-
tion (typically of green trees that are in-
tended to become snags and logs) on har-
vested portions of the units. With these
biological legacies and the significant open

areas created by the harvesting, variable re-
tention harvests provide optimal conditions
for (1) development of diverse early seral
ecosystems needed by significant elements
of regional biodiversity (Swanson et al.
2011), (2) regenerating new cohorts of de-
sirable shade-intolerant tree species, and
(3) providing substantial flows of wood
products. We view younger, previously har-
vested stands as the obvious candidates for
regeneration harvests, given current levels of
older forests are far below historic levels and
policy direction calls for their retention as
NSO habitat (USDI Fish and Wildlife Ser-
vice 2011).

DF Restoration Strategy
Elements of this DF restoration strat-

egy, including stand-level treatments and re-
tention of dense forest habitat patches at the
landscape level, have been or are currently
being incorporated into projects on federal
lands (e.g., Ager et al. 2007, Gaines et al.
2010, Brown 2012). Projects (Figure 1) us-
ing our DF principles are underway on BLM
lands in southwestern Oregon, where the
NSO is featured (Reilly 2012), the Malheur
National Forest in central Oregon (Brown
2012), and the Fremont-Winema National
Forest in south-central Oregon. DF restora-
tion has a number of important stand- and
landscape-level elements (Table 4; also see
North et al. 2009 and Larson and Churchill
2012). Many DFs need silvicultural treat-
ments to restore more resistant and resilient
conditions, although details of prescriptions
will vary with specific management objec-
tives, plant associations, stand conditions,
and landscape contexts.

The retention and nurturing of older
trees and other significant structural ele-
ments of the DF stand is the starting point
for this restoration strategy. Although many
DFs include older trees, almost all such for-
ests are highly modified structurally and
compositionally by past management, which
has greatly reduced older tree populations
and increased stand densities. Currently,
both remaining old trees and the forests in
which they are embedded are at risk from
intense wildfires, epidemics of defoliating
insects, and competition, the latter resulting
in accelerated mortality due to bark beetles
(Noss et al. 2006, Courtney et al. 2008,
Franklin et al. 2008). Selection of the
threshold age for older trees is particularly
important for DFs, because it is applied to
all DF stands. In our work we usually use
150 years as the threshold age for older trees

Figure 4. Ground and aerial views of variable retention regeneration harvest units. (A) Re-
tention harvest unit with approximately 15% of the preharvest forest left in undisturbed
patches or “aggregates,” which include a diversity of structures (e.g., live trees, snags, and
down logs). (B) Retention harvest unit with approximately 15% of the preharvest forest left
in undisturbed patches of varying size, including some associated with protection of ripar-
ian and stream habitat. (Photo courtesy of Washington State Department of Natural
Resources.)
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because (1) trees in DFs generally begin ex-
hibiting some old-growth characteristics by
this age and (2) significant Euro-American
influences were underway by 1860, e.g., in-
troduction of large domestic livestock herds
(Franklin et al. 2008, Robbins 2009).

Other threshold ages for older trees
could be considered in DFs, such as 100 and
200 years, but these introduce other prob-
lems. When 100 years is used as the thresh-
old, many trees lacking old-growth attri-
butes are retained, making it difficult to
reduce stand densities to the desired levels.
Additionally, this age threshold limits the
removal of higher-valued trees and thus af-
fects economic viability of treatments. Using
200 years, many trees that have old-growth
cohort attributes will likely be removed, af-
fecting the ecological value of the treatment.
However, this age threshold would also al-
low harvest of more high-value trees, at least
initially.

Retaining some denser forest areas in an
untreated or lightly treated condition is a
challenging landscape-level planning com-
ponent of our DF restoration strategy. Most
DF landscapes include species and processes
that require denser forest as habitat, such as
preferred nesting, roosting, and foraging
habitat for NSO (USDI Fish and Wildlife
Service 2011). Another more widely dis-
tributed example in PNW DFs is the north-

ern goshawk (Accipitor gentilis; Crocker-
Bedford 1990). Maintaining approximately
one-third of a DF landscape in denser
patches of multilayered forest has been pro-
posed for the NSO (Courtney et al. 2008).
In general, landscape amounts and distribu-
tions will be a function of topographic and
vegetative factors along with wildlife goals.
Untreated patches in the hundreds of acres
could be preferentially located in less fire-
prone areas, such as steep north-facing
slopes, riparian habitats, and sites protected
by natural barriers, such as lakes and lava
flows. The longevity of the dense forest
patches should be increased by restoring DF
conditions in the surrounding landscape
matrix (Agar et al. 2007, Gains et al. 2010).
Losses of denser forest patches are inevitable,
but—because the surrounding restored
matrix still is populated with older, larger
trees—suitable dense replacement habitat
can be regrown within a few decades.

Ecological Forestry
and Adaptive Management

Credible adaptive management will be
essential to implementing our proposed res-
toration approach on federal forests in the
PNW, because it includes significant new
elements and affects the entire region. This
is challenging because successful adaptive
management has been limited in the PNW
(Stankey et al. 2003, Bormann et al. 2007).
Key elements include comprehensive re-
gional analysis and planning, integrated
monitoring and research activities, and sys-
tematic assessments of ecological and social
outcomes by independent parties. Two ele-
ments requiring particular attention are
(1) interactions between DF restoration and
NSO populations and (2) effectiveness in
creation of diverse early seral ecosystems us-
ing variable retention regeneration harvests.

Regional targets for total amount and
spatial distribution of early seral ecosystems
need to be scientifically assessed for the MFs
on federal lands in the PNW. Determina-
tions of natural range of variability of such
habitat, such as has been done in the Oregon
Coast Ranges (Wimberly 2002, Spies et al.
2007), is a good starting point. Additional
focused research on early seral ecosystems is
needed to (1) expand current knowledge of
biodiversity and functions in early seral eco-
systems of both natural and human origin
and (2) explore different approaches (e.g.,
silvicultural prescriptions) for creating di-
verse early seral ecosystems.

Finally, road networks and plantation

establishment after intensive harvesting
have significantly affected both aquatic and
forest ecosystems on both DF and MF land-
scapes (e.g., Franklin and Forman 1987,
Forest Ecosystem Management Assessment
Team 1993). Restoring aquatic and semi-
aquatic ecosystems is a high-priority restora-
tion concern throughout federal forests, but
one that we cannot adequately address in
this short article. Reducing the impacts of
permanent roads on aquatic ecosystems is an
important objective, but it must be weighed
against needed access for restoration projects
and long-term management.

Harvest Potential
We have estimated (Johnson and

Franklin 2009) that our restoration strategy
could increase timber harvest from the fed-
eral forests of the PNW over the next 15
years, primarily by resuming regeneration
harvests in MFs and expanding the extent of
restoration treatments (i.e., partial cutting)
in DFs.

Our MF strategy adds regeneration har-
vests in younger stands to current thinning.
The economic viability of such sales in nor-
mal markets is unquestionable, because re-
generation harvests remove larger volumes
per acre and include larger trees than are
produced in the currently thriving thinning
programs. However, a critically important
undetermined variable is the MF land base
available for regeneration harvests for several
reasons, including some related to the strat-
egy itself. For example, initial estimates us-
ing unmanaged stands as models suggest
that our proposed silvicultural system might
provide one-half of the per acre yields ex-
pected under intensive timber production
(Johnson and Franklin 2012). On the other
hand, the significantly greater wildlife and
environmental benefits from the variable re-
tention approach may result in greater social
acceptability of this approach and, conse-
quently, significantly broaden the land base
on which it could be applied.

Our DF strategy calls for shifting from
fuel treatments, a current focus of DF fed-
eral actions, to broad-scale ecosystem resto-
ration. Stand-level harvest implications are
difficult to clarify. Basically, we call for cre-
ating a more heterogeneous spatial pattern
than in current practice, while conserving
old trees and removing diameter limits on
harvest. However, some DF stands clearly
are economically marginal with viability de-
pending on market conditions and mill
proximity (e.g., Adams and Latta 2005,

Table 4. Elements of the DF restoration
prescriptions.

Retain and improve survivability of older conifers
by reducing adjacent fuels and competing
vegetation—old trees can respond positively
(e.g., McDowell et al. 2003)

Retain and protect other important structures such as
large hardwoods, snags, and logs; some protective
cover may be needed for cavity-bearing structures
that are currently being used (e.g., North et al.
2009)

Reduce overall stand densities by thinning so as to
(1) reduce basal areas to desired levels, (2) increase
mean stand diameter, (3) shift composition toward
fire- and drought-tolerant species, and (4) provide
candidates for replacement old trees

Restore spatial heterogeneity by varying the treatment
of the stand, such as by leaving untreated patches,
creating openings, and providing for widely spaced
single trees and tree clumps (Larson and Churchill
2012)

Establish new tree cohorts of shade-intolerant species
in openings

Treat activity fuels and begin restoring historic levels
of ground fuels and understory vegetation using
prescribed fire

Plan and implement activities at landscape levels,
incorporating spatial heterogeneity (e.g., provision
for denser forest patches) and restoration needs in
nonforest ecosystems (e.g., meadows and riparian
habitats).
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Johnson and Franklin 2009). Mill closures
east of the Cascades have accentuated this
problem, making comprehensive restora-
tion dependent on new infrastructure in-
vestments. Accurate assessments of feasibil-
ity and timber yields from DF restoration
await empirical data from field trials, such as
the projects in Oregon using our restoration
strategy (e.g., Brown 2012).

Integrating Restoration
Strategies with Existing and
Emerging Forest Policies

How well do our proposals for conserv-
ing old-growth and restoring MFs and DFs
interface with existing PNW federal poli-
cies? Where are they consistent with existing
policies and where are adjustments needed?
Three important current policies are (1) the
NWFP, which was adopted in 1994 for all
federal forests within the NSO range; (2) in-
terim management guides developed in the
mid-1990s for eastside national forests be-
yond the NSO range (USDA Forest Service
1995); and (3) new policies proposed in the
NSO Recovery Plan (USDI Fish and Wild-
life Service 2011) and proposed critical hab-
itat for the NSO (USDI Fish and Wildlife
Service 2012).

Moist Forests
Retaining older forests on MF sites is

generally consistent with existing and emerg-
ing policy. Much late-successional forest
(more than 80 years) was protected in the
NWFP as late-successional reserves (LSR)
and riparian reserves (Thomas et al. 2007),
and most of the remaining older forests on
MF sites was recently recommended for re-
tention in the NSO Recovery Plan (USDI
Fish and Wildlife Service 2012). Commer-
cial thinning in plantations to increase struc-
tural complexity is generally consistent with
the NWFP (USDA Forest Service and US
BLM 1994) and the NSO Recovery Plan
and draft critical habitat rules allow for these
actions (USDI Fish and Wildlife Service
2011, 2012), although recent findings on
the negative impact of such thinning on
some prey species of the NSO may create
new limitations on harvest activities (Man-
ning et al. 2012).

However, there are numerous policy is-
sues that surround implementation of the
regeneration harvest component of our res-
toration strategy on MF sites. Three provi-
sions from the planning regulations imple-
menting the National Forest Management
Act (NFMA) are especially important:

1. The revised NFMA planning rule calls
for national forestland to be identified as
not suitable for timber production if
“There is no reasonable assurance that
such lands can be adequately restocked
within 5 years after final regeneration
harvest” (USDA 2012, p. 21266).3 The
definition of “adequate restocking” ad-
opted in the Forest Service Handbook and
Regional Direction would need to accept
the concept of relating adequacy of
stocking to prescription goals, such as
creation of diverse early seral ecosystems,
to allow the restoration strategy de-
scribed here.

2. The planning rule incorporates a sus-
tained yield requirement: “The quantity
of timber that may be sold from the na-
tional forest is limited to an amount
equal to or less than that which can be
removed from such forest annually in
perpetuity on a sustained yield basis”
(USDA 2012, p. 21267). The plan may
depart from this limit under certain con-
ditions and after allowing public com-
ment, but calculation of the long-term
sustained yield remains a foundational
element in national forest planning. Re-
generation harvests are one major com-
ponent of long-term sustained yield.
Thus, it appears that this sustained yield
provision will require the national for-
ests to develop a long-term strategy that
includes regeneration harvests on MFs.
We do not know whether our proposed
approach to regeneration harvest will be
considered in this strategy.

3. The planning rule stipulates that “The
regeneration harvest of even-aged stands
of trees is limited to stands that generally
have reached the culmination of mean
annual increment of growth” (USDA
2012, p. 21267), but exceptions are al-
lowed where the primary purpose of the
harvest is something other than timber
production. These exceptions are impor-
tant because some stands, which otherwise
would be candidates for a regeneration
harvest, have not reached culmination.

Implementation of the regeneration
harvest component on MF sites will also be
affected by the recent NSO Recovery Plan
(USDI Fish and Wildlife Service 2011) and
proposed critical habitat for the NSO
(USDI Fish and Wildlife Service 2012). Ac-
tive management using ecological forestry
principles is endorsed in both documents
but there is uncertainty about the type, tim-

ing, and location of allowed activities. In a
Presidential Memorandum (Obama 2012)
released with proposed critical habitat, the
Secretary of Interior is directed to “. . . de-
velop clear direction, as part of the final rule,
for evaluating logging activity in areas of
critical habitat, in accordance with the sci-
entific principles of active forest manage-
ment and to the extent permitted by law.”
This direction will be critical to determining
the extent to which regeneration harvests
will be allowed within critical habitat.

Dry Forests
Interfacing our proposal for restoration

of DFs with existing policy is complex, be-
cause candidate DFs are located both inside
and outside the NWFP area. Within the
NWFP areas, LSRs included DF landscapes
in eastern and southern portions of the NSO
range. The NWFP allowed for harvest in DF
LSRs to restore and maintain natural ecolog-
ical conditions (Forest Ecosystem Manage-
ment Assessment Team 1993), although
such activity rarely has been undertaken in
the past (Thomas et al. 2007). Hence, our
DF restoration strategy is consistent with the
NWFP. DF restoration is explicitly encour-
aged in the NSO Recovery Plan (USDI Fish
and Wildlife Service 2011), in part because
potential for large wildfires and outbreaks of
western spruce budworm greatly increase
risks to large contiguous blocks of multi-
layered DFs (e.g., Courtney et al. 2008,
Dello and Mote 2010). Still, it is not clear
how this stated intent will be implemented
and some owl biologists and environmental-
ists currently oppose any modification of
suitable NSO habitat; litigation of this as-
pect of the NSO Recovery Plan is likely.

Outside the NWFP area, our proposals
for restoration of DF are largely consistent
with existing policy. We do substitute reten-
tion of older trees for the current interim
upper diameter limit of 21 inches (see
Brown 2012). However, increasingly, na-
tional forests have been granted exceptions
to the “21 inch” policy to remove large,
young white firs that have invaded historic
ponderosa pine–dominated stands.

Still, as with MF, several policy issues
remain regarding implementation of our DF
restoration strategy:

1. We call for accelerated rates of treatment
on a much broader DF land base than is
currently proposed under fuel treatment
programs. Simulations of fuel treatment
effects show that thinning as little as 1%
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of the forest per year can significantly
alter fire behavior (Finney et al. 2007).
Consequently, goals of thinning 20 –
30% of DFs over the next 20 years re-
flect budget and personnel shortages and
a singular focus on fire. Unfortunately,
fuel treatments alone leave most DFs
and included old trees vulnerable to fire,
drought, and insects, hence, our call for
both an altered and an accelerated pro-
gram.

2. Our strategy calls for a network of dense
patches in treated landscapes, tailored to
the situation and wildlife species of in-
terest, a feature often not recognized in
DF project implementation. However,
there is a framework for such a network
in the new NSO Recovery Plan and pro-
posed critical habitat designation. Be-
cause many DF stands provide suitable
habitat for NSO, it is essential to com-
prehensively plan the amount and spa-
tial distribution of reserved dense forest
patches and, conversely, identify areas
for restoration treatment.

3. Although commercial treatments are
central to our DF strategy, comprehen-
sive restoration of DF landscapes will re-
quire investments from either timber
sale revenues or appropriated funds
(Adams and Latta 2005, Johnson et al.
2008). Such investments are problem-
atic in a time of shrinking federal bud-
gets.

4. Maintenance of restored DF conditions
after initial mechanical treatments could
be done with prescribed fire, possibly
eliminating the potential for future tim-
ber production. We envision the contin-
ued use of harvesting to maintain de-
sired conditions in many DF stands.
Resolution of this question—controlled
burns or harvest or both—is also related
to addressing the sustained yield clause
of the NFMA planning rule.

Conclusions and Implications
Our experiences thus far with projects

implementing our restoration strategies, in-
cluding extensive interactions with stake-
holder groups, have been very useful in re-
fining our strategy. Agency personnel have
proved to be very capable of developing sil-
vicultural prescriptions based on ecological
forestry principles and implementing the re-
sulting projects. We view our restoration
strategy as a credible alternative to the ex-
treme choices with which stakeholders are
currently being presented of either manag-

ing federal lands for intensive wood produc-
tion, on the one hand, or effectively preserv-
ing all of it for owls, on the other. This does
not mean that we do not anticipate other
challenges will arise that need to be ad-
dressed—several key issues must still be re-
solved, and we make the following recom-
mendations to address these issues.

First, the lack of public trust in agency
proposals probably has been the largest
single obstruction in moving active man-
agement forward on federal forestlands.
The general absence of credible third-party
assessments has contributed significantly
to this problem. We view such third-party
review and public reporting as essential for
successfully undertaking a major new
innovative management program on federal
lands.

Second, given the high potential for
catastrophic resource losses in federal DFs,
we advocate a comprehensive 20-year pro-
gram for restoring one-half to two-thirds of
PNW DF landscapes outside of wilderness
and roadless areas through a combination of
commercial and precommercial treatments.
This will require a significant increase in the
amount of commercial thinning undertaken
(Johnson and Franklin 2009). The need to
increase the pace of restoration was recently
acknowledged by the US Forest Service
(USDA Forest Service 2012).

Finally, resolving the MF land base on
federal lands that will ultimately be available
for reinstituting regeneration harvests is
highly problematic both legally and socially.
There are even questions about whether pre-
viously harvested stands will be available for
such harvests. Some of them have been iden-
tified as NSO critical habitat; others provide
habitat for other species requiring special
treatment (Johnson and Franklin 2012).
Three conclusions emerge: (1) our MF strat-
egy provides a pathway to a long-term sus-
tained timber yield from MFs that does not
currently exist, (2) reversing the trend of the
shrinking land base for timber production is
a key element in determining sustainable
timber harvests, and (3) developing public
understanding and acceptance of the ecolog-
ical need for creating diverse early seral eco-
systems in MF will require significant effort.

Endnotes
1. This article is largely based on two more

comprehensive reports (Johnson and Frank-
lin 2009, 2012).

2. Age limits can be criticized as being more
difficult to apply than diameter limits. How-
ever, effective visual guides to tree age based

on external characteristics of trees have been
developed (Van Pelt 2008) and used (e.g.,
Brown 2012). Furthermore, questions typi-
cally arise regarding only the subsample of
trees that appear near the threshold age. Two
caveats are relevant in the use of age as the
first screen in selecting trees for retention:
(1) stakeholders and agency personnel must
agree on some allowance for errors in age
estimation and (2) as noted, size is important
for many wildlife species, such as cavity nest-
ers, and will be considered in developing sil-
vicultural prescriptions.

3. National forests operate under the 1982
planning rule until they develop new forest
plans (USDA 1982). The wording on these
provisions is slightly different in that rule,
but the intent is similar.
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F or the past 20 years, the US Department of the Interior
(USDI) Bureau of Land Management (BLM) Oregon and
California Railroad (O&C) lands of western Oregon have

been the focus of intense debate. The O&C Lands Act of 1937 and
the Endangered Species Act of 1973 have driven discussions regard-

ing these lands since the northern spotted owl’s listing in 1990. In an
attempt to balance seemingly opposed interests, the Northwest For-
est Plan was developed in 1994. Litigation within the courts has
prevented a full implementation of the Northwest Forest Plan. For
example, much of the plan’s predicted sustained yield volume was
supposed to have come from regeneration harvest in “old-growth”
forests. The recent status quo has been a thinning-only approach,
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Project Organization 

Norm Johnson coordinated assessment of sustainable timber harvest levels and short-term 
sales with the assistance of numerous Forest Service and Bureau of Land Management (BLM) 
employees. Sarah Crim led the Pacific Northwest Region's effort to assess sustainable harvest 
levels with the help of Alan Ager, Bill Connelly, Jim Merzenich, and Forest Service analysts 
throughout the Region. Klaus Barber led the Pacific Southwest Region's effort with the help 
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Sustainable Harvest Levels and 
Short-Term Timber Sales for Options Considered in 

the Report of the Forest Ecosystem Management 
Assessment Team: Methods, Results, and 

Interpretations 

Objectives 

Following the April 2,1993, Forest Conference in Portland, Oregon, President 
Clinton created three interagency working groups including the Forest 
Ecosystem Management Assessment Team (FEMAT). The authorizing letter to 
FEMAT stated in part, "You should address a range of alternatives in a way that 
allows us to distinguish the different costs and benefits of various approaches 
(including m a r p a l  costlbenefit assessments), and in doing so, at least the 
following should be considered: timber sales, short and long term; production of 
other commodities; effects on public uses and values, including scenic quality, 
recreation, subsistence, and tourism ..." (see Appendix A for the complete memo). 

In July 1993, the assessment team released its report, "Forest Ecosystem 
Management: An Ecological, Economic, and Soaa  Assessment" (USDA 1993, 
referred to in this paper as the "FEMAT Report"). In the section titled "Outlook 
for Federal Timber Harvests" in the FEMAT Report (USDA 1993:VI-4), it states, 
"Johnson, KN., S. Crim, K. Barber, and M. Howell in an analysis written for this 
report, includes further details on the assumptions, techriiques, and results." The 
purpose of this paper is to document that analysis. 

Specifically, this paper has three objectives. First, it will present the methods 
used to estimate "timber sales, short and long tern;" for the different options 
considered in the FEMAT Report. Second, it will give the results for the 
different options considered in the report by administrative unit. Third, it will 
interpret some of the more important results including the marginal costlbenefit 
assessments d the different policies and discuss unresolved issues. 
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Estimating the 
Probable Sale Quantity 

The FEMAT Report examines 10 options which vary in the amount and 
distribution of reserves, rules for management of reserves, rules for management 
of lands outside reserves, and other considerations (see Table 1 for a description 
of the options). In addition, a number of variations on these options were . 

examined in the course of developing the report, especially different 
interpretations of the Scientific Analysis Team (SAT) Report (Thomas et al. 1993). 
All 10 options plus their variations will be discussed here from the standpoint of 
the timber harvest that might result. 

General Methodology 

In calculating sustainable harvest levels for each of the FEMAT options, we first 
established how each of the various components of the options would be 
simulated. We then enlisted the assistance of Forest Service and BLM personnel 
in projecting the sustainable harvest levels for each of the options. We projected 
the sustainable harvest level for each National Forest and BLM Sustained Yield 
Unit in the owl region. Table 2 lists these units along with the abbreviations we 
use to identify these areas. We asked the field units to conform to the following 
direction in calculating harvest levels. 

1. Start with the existing Forest Plans (Forest Service, Pacific Northwest 
Region, also referred to as Region 6)  or proposed Forest and District Plans 
(Forest Service, Pacific Southwest Region, also referred to as Region 5, and 
BLM) as the base. Overlay the new allocations and management rules for 
each option on top of these plans and retain the most restrictive of these 
unless otherwise specified. 

2. Assume a nondeclining yield mandate where planned harvest levels in 
future decades cannot be less than the previous decade harvest. 

- 

3. Project the likely level of sustainable harvest under each option. 

We called this estimate of the likely level of sustainable harvest the "probable 
sale quantity" (PSQ) to distinguish it from the allowable sale quantity (ASQ) of 
previous assessments and Forest and District Plans. Allowable sale quantities 
are ceilings or upper limits on harvest levels. In this effort, we attempted to 
portray the likely sales levels under each option as opposed to an upper limit. 

The harvest levels were estimated by Forest Service and BLM personnel using 
a variety of approaches including generally available harvest scheduling 
models such as FORPLAN (Johnson et al. 1986) and TRIM-PLUSO (RE1 1988), 
simulators developed specifically for the task, and data base manipulation 
techniques. Field personnel for the Forest Service in Region 6 and for the BLM 
did not provide PSQ estimates for a l l  of the options. Table 3 summarizes 
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which PSQ estimates were derived from modeling efforts and which were built 
from information obtained from the results found under other options. 

We found that the definitions of the options changed from week to week 
Given the time constraints, we did not have the opportunity to reissue 
modeling direction and resimulate options as rules changed. We therefore 
developed adjustment factors to apply to the PSQ estimates obtained from the 
field units. Appendix B contains the details of both the modeling approaches 
used in Regions 5,6, and the BLM, as well as information on what adjustment 
factors were applied in each of the options. The details on how the adjustment 
factors were developed are presented below in the sections on riparian 
reserves and green tree retention (GTR) standards. 

Table 4 summarizes the way in which late-successional and riparian reserves 
were modeled for PSQ estimation along with how green tree retention 
standards and Adaptive Management Areas were handled in each of the 
options. In Table 4, we use the term timber suitable base rather than "matrix" 
lands. When we estimate probable sale quantities, we refer to the lands on 
which timber harvest can regularly be scheduled as the "timber suitable base". 
The classification scheme we use to define this land area is .different from the 
one employed in the FEMAT Report to arrive at the matrix lands. Both the 
timber suitable lands and the matrix lands are located outside of four kinds of 
withdrawals: (1) Congressional withdrawals, (2) administrative withdrawals, 
(3) late-successional reserves, and (4) riparian reserves. The matrix lands also 
exclude Adaptive Management Areas. Thus, matrix acres include all federal 
lands outside the four types of withdrawals listed above and Adaptive 
Management Areas, whether they are productive forest, nonproductive forest 
or nonforest. The timber suited acres, on the other hand, include only the 
physically and economically suited timber land outside of the first four 
withdrawals including those lands that meet this definition within the 
Adaptive Management Areas. Thus the timber base used in our calculations is 
a subset of the acres located in the matrix lands as defined in the FEMAT 
report. - - 

Late-Successional Reserves 

As noted in Table 4, we did not include any potential thinning, harvest, or 
salvage volume from any of the late-successional reserves in calculating PSQ 
estimates. We determined in a separate calculation potential volume that 
might be acquired from thinning and salvage activities in the reserves. The 
results of this separate calculation is presented in a subsequent section of this 
report. 

Riparian Reserves 

The FEMAT Report calls for some type of special treatment for riparian areas 
under each of the options. Option 7 contains the riparian guidelines present in 
the existing or proposed agency plans, and the remainder of the options have 
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riparian resenre scenario 1,2 or 3 (see Table 5). Each of these three riparian 
strategies contain direction on determining buffer widths and identifymg 
unstable ground. The methods followed in estimating these two factors are 
presented below. In addition, we calculated a set of adjustments for post- 
analysis changes to the, number of intermittent streams, for converting from 
horizontal to slope distance and for removing inoperable lands from the timber 
suitable base. The details of these adjustments are also given below. 

Estimating Buffers 

The width of the buffers in these three riparian reserve scenarios can be based 
on a number of criteria including fixed distances from the streams and "height 
of site-potential trees". The criterion which produces the greater distance is the 
one to be followed. The direction for determining minimum widths for 
riparian reserves is shown in Table 5. Since the "height of site-potential trees" 
gave the maximum distance in most instances, we chose to model the width of 
riparian buffers based on this criterion. 

Determining the Height of Site-Potential Trees 

The height of a site-potential tree was first defined in the glossary of the SAT 
Report (Thomas et al. 1993) as, "a tree that has attained the maximum height 
possible for a given site': and later defined in the glossary of the FEMAT 
Report as, "a tree that has attained the average maximum height given site 
conditions where it occurs." In the FEMAT Report, a site-potential tree is 
further defined in the aquatic chapter as, "the average maximum height of the 
tallest dominant trees (200 years or more) on a given site" (USDA 1993:II-37). 
To estimate the height of a site-potential tree, we collected information on the 
tallest Douglas-fir trees found on plots in old-growth forests as a proxy for the 
"average maximum" height attainable on sites throughout the owl region. 
Using BLM plot information from stands over 200 years old in riparian areas, 
we estimated this height for the sites commonly found in the owl region. The 
heights varied from 250 feet on high site land along the coast, to 170 feet on 
the west side of the Cascade Range, to 110 feet on the east side. Further - 

analysis of plots on the Siuslaw, Willamette, and Olympic National Forests 
showed heights within about 10 percent of the original estimates (Table 6). 

We then determined the average McArdle site (the most general measure of 
site potential) for each administrative unit and assigned the assoaated BLM 
site-potential tree height (Table 7). In Region 6, aU west side National Forests 
were site IV (170 feet) except for the Siuslaw (site I[, 250 feet) and the Olympic 
(site IIIIIV, 190 feet). All east side Forests were site V (140 feet). In Region 5, 
Dimning site index was used and similar analysis led to site-potential tree 
heights between 165 and 200 feet for the four National Forests. On lands 
administered by the BLM, the heights varied by Sustained Yield Unit between. 
site class 11 in Coos Bay District; site class IlI in Salem, Eugene and Roseburg 
Districts; and site class N in Medford and Lakeview Districts. 
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Estimating the Extent of Riparian Reserves 

The amount of area located in riparian reserves is a function of the width of 
the buffers and the number of miles of stream in each stream class. The 
procedure for determining buffer widths based on the site-potential tree 
heights was discussed previously. The number of miles of stream by stream 
class was derived by the AquaticIWatershed Group (see FEMAT Report, 
Appendix V-GI Table V-G-4) and is displayed in Table 7 of this paper. 

Given the site-potential tree height and the number of miles of stream by 
stream class (see Table 7), the acres located in the buffers were determined by 
the Forest Service at the National Forest level, and by the BLM at the State 
Office level, using Geographic Information System (GIs) analysis and/or use of 
the buffer factors shown below. 

Site Class ------------------------ ------ Stream Class .............................. 

Fish bearing Permanent, non Intermittent 
fish bearing 

Riparian Riparian Riparian Reserves 
Reserves Reserves 

1, 2, 3 1, 2 3 1 2 3 

II 124.8 52.8 26.4" 52.4 25.4 8.4" 

111 104.3 45.3 22.7 46.1 23.2 7 . 7  

m .  83.4 38.4 19.2" 39.4 20.2 6 . 7  - 

V 75.1 33.5 15.7 32.5 15.3 5.1" 

These factors were derived by applying a buffering algorithm to the sample 
quads described in Appendix V-G of the FEMAT Report. Each of the sample 
quads were sent through the buffering algorithm to determine the number of 
acres located in the buffers per mile of stream for each unique combination of 
site class and stream class. In this way, the overlap between buffers was 
netted out of the factors (A. Ager pers. comm.). 

- Multiplying the buffer factors shown above times the miles of stream gives one 
measure of the acres in riparian reserves (horizontal measure). As seen in 
Table 7, the percent of administrative unit in riparian reserves varies from 4 to 
74 percent for riparian scenario 1, from 3 to 59 percent for riparian scenario 2, 
and from 2 to 38 percent for riparian scenario 3. 
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Updating Stream Mile Information 

The number of miles of stream by stream class was updated several times by 
the AquatidWatershed Group. The last update, which is reflected in Table 7, 
occurred after Forest analysts in Region 6 had completed their probable sale 
quantity analyses. As a result, we adjusted the estimates calculated for six of 
the National Forests to reflect this new information. Table 8 contains the 
factors used to bring the PSQ estimates into compliance with the last set of 
information on stream mileage. 

Converting from Horizontal Distance to Slope Distance 

The FEMAT Report (USDA 1993:V-34 - 35) calls for the use of slope distance 
instead of horizontal distance in the measurement of buffer widths. Estimates 
of acreage withdrawals for harvest analysis, based on the different buffer 
widths, were based on horizontal distance. To adjust to slope distance, in 
Region 6 we obtained estimates of likely average slope percents by stream 
class for each National Forest (F. Swanson pers. comm.). We then calculated 
the proportion of slope distance to horizontal distance for each stream class on 
each administrative unit, and finally, we calculated an average percent 
adjustment for the different riparian reserve strategies weighted by the relative 
acreage in each stream class. Regon 5 used an average slope to horizontal 
proportion of about 0.9. Adjustments for lands administered by the BLM were 
then approximated by using the equivalent factors for the nearest National 
Forests. The factors used in deriving adjustments to the PSQ estimates for each 

- option are shown in Table 8. 

Estimating Additional Unsuitable Lands 

The late-successional and riparian reserves should protect much of the unstable 
ground considered suitable for timber production in the Forest and District 

- 
Plans. Still, FEMAT's Aquatic/ Watershed Group felt that some additional 
unstable lands would be found outside the reserve system, especially in - 

riparian reserve strategies 2 and 3 which provide less protection to headwall 
' areas than riparian reserve strategy 1. They therefore requested an additional 

withdrawal which was applied to al l  options using riparian reserve strategy 2 
or 3 (Table 8). 

Estimating Inoperable Acres 

The extensive riparian network prescribed under some options may create a 
pattern of reserves that could render some of the land between the reserves, 
otherwise classified as suitable for timber production, to actually be inoperable. 
In addition, acres might be inoperable because of the inability to build roads in 
the area due to interim riparian rules against road building across riparian 
areas. Therefore, a study was undertaken to develop an estimate of inoperable 
acres under both riparian reserve systems 1 and 2. 
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The sample quads used to estimate stream density on National Forests and 
BLM Districts were employed to estimate land inoperable due to the riparian 
reserves and rules. Land that met either of two criteria were classified as 
inoperable: 

1. Areas less than 300-feet wide. If an area was less than 300-feet across, it 
would be difficult to fell the timber without falling it into the surrounding 
stream buffers. Therefore, areas less than 300-feet across were classified as 
inoperable. (Note: if a road went across the area, the idea was tested by 
assuming that a portion of it could be made accessible by pulling adjacent 
trees to the road. This changed the results very little, however, so it was 
not considered in most quads.) 

2. The area was more than 2 miles from the nearest road. If the area was 
more than 2 miles from a road, it was assumed to be beyond an 
economically feasible logging distance. 

Almost no land suitable for timber production is more than 2 miles from a 
road in the federal land within the owl region. Therefore, the estimates of 
inoperable land reported here (Table 8) reflect only areas less than 300 feet- 
wide. 

Timber Suitable Base 

Two sets of additional management rules for the timber suitable acres were 
examined on lands administered by both the Forest Service and BLM. They 
were levels of green tree retention and special rules for Adaptive Management 
Areas under Option 9. The procedures followed for these two types of 
management guidelines are presented below. In addition, National Forests in 
Region 5 were required to examine 180-year rotations on their suitable lands 
under Option 9. The results of this analysis are shown in the section on 
additional policy analysis. 

- 

Calculating Green Tree Retention 

The different options have five basic strategies for green tree retention: 

1. Retention based on provisions of Forest and District Plans 
(Options 7 and 8). 

Modeling strategy: used Forest and District Plan yield tables. 

2. Retention based on provisions of Forest and District Plan augmented by 
additional green trees and snags for woodpeckers on the eastern fringe of 
the owl range and the Klamath Province as specified in the SAT Report 
(Options 4 and 5). 
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Modeling strategy: used Forest and District Plans yield tables adjusted for 
additional requirements on the Winema, Deschutes, Okanogan, Wenatchee, 
Rogue River, and Siskiyou National Forests. 

3. Retention of six large trees per acre (Options 1,2,3,6, and 10) 

Modeling strategy: Defined six large trees as six trees with an average 
diameter between the quadratic mean diameter of the stand and that of the 
largest tree. In Region 6, six trees meeting this definition in mature stands 
averaged 20 percent of the volume on the west side of the Cascade Range, 
15 percent on the east side in Washington, and 9 percent on the east side in 
Oregon. An adjustment to the first decade harvest for Region 6 National 
Forests was made to bring green tree retention on even-aged harvest units 
up to this level (Table 8). Region 5 National Forests already achieved these 
levels in their proposed Forest Plans. The BLM Districts achieved them 
with only slight modification in their proposed plans. 

4. Retention of four large trees per acre plus 10 percent of the matrix left in 
well-distributed patches of late-successional forest (Option 3). 

Modeling strategy: Not modeled directly because Option 3 was calculated 
as a weighted average of Options 2 and 6. 

5. Forest and District Plan provisions in the Oregon Coastal Province and 
Olympic and Mt. Baker-Snoqualrnie National Forests; 15 percent of volume 
in cutting units elsewhere with at least half in distributed patches of late- 
successional forest (Option 9). 

Modeling strategy: An adjustment was made in first decade harvest on 
administrative units, as needed, to bring green tree retention on even-aged 
harvest units up to the specified level (Table 8). 

Modeling PSQ for Adaptive Management Areas 

From a PSQ standpoint, the Adaptive Management Areas in Option 9 were 
modeled in a similar manner to the rest of the forests in the owl region. Late- 
successional and riparian reserves were maintained according to the rules of 
Option 9, and Forest and District Plan standards and guidelines were utilized 
to augment the green tree retention requirements of Option 9. With the 
qualifications listed below, we generally modeled the Adaptive Management 
Areas of Option 9 as contributing approximately the same harvest per suitable 
acre as if they were part of the suitable timber base with no special additional 
prescriptions. This approach is consistent with the overall strategy for the 
areas mentioned in the FEMAT Report, that Adaptive Management Areas 
should demonstrate innovative approaches to implementation of Option 9 as 
opposed to having separate objectives of their own. 
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One special adjustment was included that set minimum rotation requirements 
for the Forest Service portion of a number of Adaptive Management Areas to 
represent, in some small way, the probable lengthening of rotation that might 
occur on many of the Adaptive Management Areas: 

Adaptive Management Area Simulation rules 

Olympic NF At least 100-year rotation 

Finney No scheduled PSQ 

Snoqualrnie Pass No scheduled PSQ 

Cispus At least 100-year rotation 

Blue River 
Forest Service 
BLM 

Applegate 
Forest Service 
BLM 

Hayfork 

Goosenest 
- 

At least 100-year rotation 
No special requirements 

At least 150-year rotation 
No special requirements 

No special requirements (180-year rotation 
in force) 

No special requirements (180-year rotation 
in force) 

Little River No special requirements 

North Coast No special requirements 

Other Adjustments 

During the FEMAT process, the California BLM Ukiah District provided 
information that indicated their ASQ level prior to the FEMAT options would 
be about 2.3 million board feet (16' basis) or about 1.9 million board feet (32' 
basis). Since most of the FEMAT options were resulting in PSQ levels 
considerably less than the pre-FEMAT level, no explicit PSQ modeling was 
conducted for the California BLM Ukiah District. While data tables for the 
Districts in Oregon are complete, only a portion of the tabulated data were 
available for the Ukiah District. 
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Results 

Evolution of Sale Quantity Estimates under Different Northern 
Spotted Owl Protection Plans 

'In 1990, the Interagency Scientific Committee released its report on the 
northern spotted owl (Thomas et al. 1990). Called the "Thomas Report", its 
Conservation Strategy called for a system of large reserves scattered over the 
region of the northern spotted owl along with controls (the 50-11-40 rule) on 
the matrix land between the reserves. Soon thereafter, an interagency 
committee made an estimate of the harvest level possible under that strategy 
(USDA 1990, also known as the "Hamilton Report") which suggested that an 
allowable sale quantity of 2.37 billion board feet could be attained from federal 
land within the owl region when the proposal was overlaid on proposed 
Forest Plans in Regions 5 and 6 and approved District Plans for BLM (Table 9). 
The Forest Service would provide 2.0 billion of that total. 

In 1992, the Forest Service released their Final Environmental Impad Statement 
on Management for the Northern Spotted Owl. Alternative B in that report 
called for implementation of the Conservation Strategy in the Thomas Report 
and gave a new estimate of the allowable sale quantity that might result 'for 
lands administered by the Forest Service within the owl region: 1.66 billion 
board feet--a decline of 17 percent from the previous estimate in the Hamilton 
Report. 

Two primary reasons can be given for this reduction: 

1. A more sophisticated analysis of the 50-11-40 rule. This rule required each 
- federal agency to have at least half of each quarter township in stands over 

11" dbh, and with a canopy closure of at least 40 percent. Initial 
assumptions were that this rule would have little effect on potential harvest 
levels; later assessment proved this assumption wrong in some cases. 

2. Experience with implementing the Forest Plans, including the Forest 
Service Chiefs ecosystem poLicy, resulted in lower estimates of likely 
harvest levels attainable on the reduced land base available for timber 
harvest under the Conservation Strategy. 

In preparation of the FEMAT Report, a simulation was made of the sustainable 
harvest level given in the Final Draft Recovery Plan for the Northern Spotted 
Owl (USDI 1992). This analysis suggested a harvest level of 1.23 for the Forest 
Service and a total harvest of 1.56 for all federal land within the owl region 
(Table 9)-a decline of almost 40 percent for the Forest Service and a decline of 
almost 35 percent for all federal land from the original estimate in the 
Hamilton Report. Thus, the federal agency's estimate of the harvest level on 
federal forests within the owl region that is compatible with a high level of 
protection of the northern spotted owl has declined 35 percent over 3 years. A 
number of reasons explain this decline: 
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1. A different land base was used. While the recovery plan was based on the 
Thomas Report, it added 250,000 acres of "designated conservation areas" 
(reserves). The Wenatchee National Forest was especially impacted by 
these additional reserves. 

2. Region 5 updated its proposed Forest Plans and BLM issued new draft 
District Plans that gave sigruficantly greater protection to late-successional 
species and stream habitat. 

3. Forest Service and BLM analysts were asked to provide sale levels they felt 
were likely to be achieved (which we call the probable sale quantity) rather 
than the maximum or upper limit levels (called the allowable sale quantity) 
of the previous studies. 

4. Further experience with implementing the Forest Plans, including the 
Chief's ecosystem policy, resulted in lower estimates of likely harvest levels 
attainable on the reduced land base available for timber harvest under the 
Thomas Report. Some Forest analysts came to believe that per acre yield 
assumed in the Forest Plans could not be achieved under the Thomas 
Report given those stands available for harvest and the operational 
difficulties of actually laying the sales out on the ground. 

The 10 Options 

Probable sale levels for the first decade under the rules for each option are 
summarized in Table 10 along with recent harvest levels. Each of these 
options start with existing Forest Plans (Forest Service, Region 6) or proposed 
plans (Forest Service, Region 5 and BLM) as the base. The new allocations and 
management rules for each option are then overlaid on these plans and the 
more restrictive set of management rules are retained, with two exceptions. In 
Option 9, Forest Plan restrictions for late-successional species outside of the 
late-successional reserve system are released. Also in Option 9, a lower level 
of green tree retention is prescribed than that now pradiced or proposed by - 
some Forests. 

It should be noted that all PSQ estimates for BLM are reported in 32 foot logs. 
To convert them to 16 foot logs-BLM's usual way of reporting--divide the 
BLM numbers by 0.825. 

The PSQ estimates in this report reflect updated analysis that corrected some 
minor problems in the estimates reported in the FEMAT Report. Most of these 
corrections are to Option 9 which drops from the PSQ shown in the FEMAT 
Report of 1.084 billion board feet (USDA 1993, Table II-5 on page 11-48) to a 
PSQ shown in Table 10 of this paper of 1.05 billion board feet. A footnote to 
Table 11-5 in the FEMAT Report states, "Probable sale levels should be within 
10 percent of final results ..." The results of our revisions to PSQ generally fall 
within this 10 percent margin. 
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One exception is the PSQ estimate for Option 1. This PSQ has fallen 
significantly because we developed a more realistic estimate for National 
Forests in Region 6. 

Option 7, which has the highest harvest level, simulates the agencies' existing 
or proposed plans overlaid with the Final Draft Recovery Plan for the 
Northern Spotted Owl (USDI 1992) as that plan is interpreted by the agencies. 
The remaining options contain various additional ikels of protection for 
streamside habitat, marbled murrelet habitat, habitat for other species, and 
ecologically significant old-growth forest. The additional protection measures 
impact harvest levels by precluding areas from harvest, distributing the 
harvest, extending the rotations, and requiring more stringent green tree 
retention standards. 

We estimated a probable sale quantity for lands administered by the Forest 
Service and BLM within the owl region of 1.64 billion board feet per year 
based on the Forest and District Plans plus their interpretation of the northern 
spotted owl recovery plan (Option 7), and 1.05 billion for the Clinton 
Administration's proposed plan (Option 9) (Table 10). Region 6 portions of 
these two estimates are 0.99 billion board feet (Option 7) and 0.63 billion 
(Option 9). The difference between the Option 7 and Option 9 estimates can 
be ascribed largely to protection of habitat for other late-successional species 
(especially the marbled murrelet) and to protection of watersheds and riparian 
systems (especially habitat for potentially threatened fish stocks). 

Adding 10 percent to the probable sale quantity for "other wood" often 
harvested along with the sound sawtimber of the probable sale quantity gives 
an average timber sales level for Option 9 for the first decade of 1.15 billion 
board feet per year. This projected level is approximately 25 percent of 1980- 
89 harvest levels from federal land in the owl region (a 75 percent reduction) 
and 48 percent of the 1990-1992 harvest levels from these forests (a 52 percent 
reduction) (Table 10). Other options give higher or lower harvest levels. 

- 

Over time we would expect the sustainable harvest level to rise as the effect of 
intensive management in the timber suitable lands takes hold and a better 
balance of age classes occurs. In Option 9, the sustainable harvest level for the 
first decade for National Forests in Region 6, as an example, assumes just over 
50 cubic feet per year from the suitable timber land while these sites should be 
capable of considerably higher growth rates in the long term. We would 
expect green tree retention and other objectives to reduce potential growth 
somewhat, but we still feel that the sustainable level over time could increase. 

To estimate PSQ for federal land in the owl region under each option, we first 
made PSQ calculations by administrative unit and then aggregated them. We 
feel most confident in the state and regional totals reported in Table 10, but 
have included the administrative unit results because of sigruficant interest in 
them. They should, however, be viewed with caution--more accurate 
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them. They should, however, be viewed with caution--more accurate 
administrative unit estimates of PSQ await plan revisions. 

Detailed information on the PSQ for each option is given by administrative 
unit in five tables: 

1. The acres suitable for timber produdion used in calculation of 
the PSQ (Table 11) 

2. Probable sale quantity in board feet (Table 12) 
3. Probable sale quantity in cubic feet (Table 13) 
4. The annual board feet of PSQ per suitable acre (Table 14) 
5. The annual cubic feet of PSQ per suitable acre (Table 15) 

In addition, Table 11 shows some summary information about the amount of 
land area and forested area on each administrative unit. Comparing the 
information to the suitable acre table enables a number of observations. We 
see that approximately 23 percent of the forested land on these administrative 
units is considered suitable for timber production in Option 9. This percent 
varies from 5 to 6 percent on the Mt. Baker-Snoqualmie and Siuslaw National 
Forests to 51 percent on the Upper Willamette Sustained Yield Unit of BLM. 
In Option 9, the coastal administrative units generally have a smaller 
proportion of their forest available for timber production than do the Cascade 
units (5 to 11 percent). 

As discussed earlier, the FEMAT Report does not report land suitable for 
timber production. Rather, it reports "matrix" land in each option. Matrix 

-. information by administrative unit for an option can be compared to suitable 
land for the option to develop a relationship between the two numbers (Table 
16). For the three options analyzed here, Options 4,7 and 9, suitable acres, on 
average, varied from 65-75 percent of matrix acres. 

Allocation of Late-Successional Forest 
- 

The FEMAT effort classified the forest into different seral stages. Four of the 
seral stages could be called late-successional forest in their entirety: (1) 
medium conifer, single story, (2) medium conifer, multistory, (3) large conifer, 
single story, and (4) large conifer, multistory. These four stages together 
comprise over 8 million acres--- over 45 percent of the forested lands 
administered by the Forest Service and BLM. One seral stage, small conifer, 
contains some stands considered to be late-successional forest. Other seral 
stages for forested lands included seedlings and saplings, brush and grass 
(mostly recent cutover), sparse conifers and hardwoods. 
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By linking the ratio of suitable land baselmatrix for an option to the GIs 
estimate of the matrix acres, it is possible to approximate suitable acres by 
seral stage for each administrative unit (Tables 16,17a-179. Summary results 
across all administrative units for some seral stages in Option 9 are: 

Category 

Seedlings 1 saplings 

Small conifer 

Med. conifer 
single-story 

Med. conifer 
multistory 

Large conifer 
single-story 

Large conifer 
multistory 

Total (med/lrg 
conifer) 

Total Timber 
suitable 
(before 

adjustment) 

thousands of acres 

% 
suitable 

25 

19 

17 

30 

13 

13 

17 
- 

Thus, in Option 9, approximately 17 percent of the mediumllarge coniferous 
forest on lands administered by the Forest Service and BLM is on land 
considered suitable for timber produdion. 

This seral stage analysis should be viewed as a first, crude approximation to 
the amount of different seral stages in the suitable timber base. Because these 
results are based on the assumption of a constant relationship between suitable 
acres and matrix acres for an administrative unit across all seral stages, they 
should be viewed with caution. Also, agency analysis of their age classes 
could yield a somewhat different allocation of suitable acres among seral 
stages because of different rules for allocating stands among the stages. 
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Adaptive Management Areas 

Adaptive Management Areas contain approximately 19 percent of the land 
suitable for timber production in Option 9 (Table 18). They contribute 
somewhat less than 19 percent of the harvest---perhaps 15 percent---because of 
the special modeling rules used for them in the analysis. 

Allocation of Roadless Areas 

Over 3 million acres of roadless areas still exist in the National Forests of the 
owl region. Approximately 10 percent of these acres are in the timber suitable 
land base for Option 9 and the acres contribute approximately 70 million board 
feet (6 percent) of the PSQ in that option (Table 19). 

Additional Policy Analysis 

Interpreting Murrelet Protection Guidelines fbr Option 9 

In the development of  the-^^^ for Option 9, we assumed that the late- 
successional reserve system for the option would suffice for marbled murrelet 
protection. Option 9 turned out to require that LSIOG1 and LS/OG2 areas be 
reserved within the near zone of the marbled murrelet (referred to as marbled 
murrelet zone 1 in the FEMAT Report), even if they were outside the unified . 
reserves established in Option 9. We have reported these updated figures in 
the PSQ-estimates for Option 9 for the National Forests. The effects on four 
National Forests are as follows: 

Forest Suitable timber land PSQ 

MBS 
OLY 
SIS 
SIU 

Without With Without With 
OGlDG2 OGllOG2 OG1/ OG2 OG11 OG2 
reserved reserved reserved reserved 
(before adjustments) - (before adjustments) 

thousands of acres millions of board feet 

Total 312 254 99.9 82.0 

In at least one place (page IV-24), the FEMAT Report could be interpreted to 
suggest all "owl additions" should also be reserved. We did not do that in 
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this analysis. Also, reserving these lands might reduce the PSQ another 5-10 
million board feet on these four coastal National Forests. 

With all the LSIOGl and LS lOG2 areas reserved, the BLM's timber base 
would lose about 11,000 acres of mostly young timber scattered throughout 
western Oregon. At 300 board feet per acre, that would reduce harvest 3 
million board feet per year from the levels reported in this paper. Reservation 
of all owl additions would have only a slight additional impact. 

Long Rotations in Region 5 

The FEMAT Report calls for use, in Option 9, of "180-year harvest rotations for 
conifer and mixed evergreen forests" on federal land in Califorda. The 
objective for this control is not given in the report. At least partof the goal 
here, though, appears to compensate for the lack of a "50-1140" d e  in the 
option. 

Numerous approaches could be taken to implementing this direction. First, 
the user must select the harvest control. At least three possibilities exist: (I) 
use area control (cut 11180 of the area per year), (2) set the minimum rotation 
for future stands at 180 years, and (3) set the minimum rotation for existing 
stands at 180 years. These three types of harvest controls can be used alone or 
in any combination. 

If area control is chosen (with or without the rotation minimums), then three 
more decisions are needed: (1) determination of the land base in regulation 
(such as the timber suitable base, all forest outside of late-successional reserves 
and Wilderness, all forest), (2) the geographic extent of regulation (such as the 
entire forest regulated as a unit or each major watershed regulated separately), 
and (3) the harvest priority (such as cut first the stand with the highest return 
or cut the average stand). 

Without the 180-year rotation requirement, Region 5 under Option 9 will 
produce approximately 257 million board feet per year. With the requirement, 
Region 5 will provide from 20 to.212 million board feet per year, depending on 
the decisions made relative to the variables in the calculation discussed above 
(Table 20). 

We have chosen in Option 9 to represent an approach for Region 5 that applies 
area control, watershed by watershed, using all forest in the watershed outside 
of late-successional reserves and Wilderness as the regulation base, and 
allowing the stand with the highest return to be cut first. We used area 
control because there is some concern over rates of disturbance. We used 
watershed as the regulation unit because the FEMAT Report calls for 
watersheds as the basic planning unit in the future. We used all forest outside 
of late-successional reserves and Wilderness as the regulation base because that 
is similar to the types of land included in the 50-11-40 rule calculation. Finally, 
we allowed the highest valued stand to be selected first because that is 
allowed on other administrative units. 
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Thus, the Region 5 PSQ under Option 9 is reported as 184 million board feet 
per year. For comparison, applying the 50-11-40 rule to Region 5 in Option 9 
might yield a PSQ of about 190 million board feet. It should be noted that the 
PSQ for California in the FEMAT Report was estimated at 152 million board 
feet which came from an initial estimate of an area control approach calculated 
on a forest-wide basis that included only land suitable for timber production 
(estimated at 159 million board feet here). 

Green Tree Retention in Region 5 

The FEMAT Report calls for green tree retention in Option 9 of 15 percent of 
sale unit volume for the National Forests of California (USDA 1993:III-23). 
These National Forests were considering green tree retention levels of 23-48 
percent in their proposed Forest Plans (Table 9). In Option 9, we reduced the 
green tree standards for these forests to the 15 percent level. 

The FEMAT Report calls for Forest Plan standards and guidelines to apply 
where they are more restrictive than those in Option 9 (USDA 1993:III-23) 
although it is difficult to tell by the wording whether that rule applies in this 
case. Applying the green tree requirement in the proposed Forest Plans in 
Region 5 would lower the PSQ there by about 10 percent. Thus, the PSQ 
would decline from 184 million board feet per year to about 166 million board 
feet per year. 

Variations on the SAT Report 

The SAT Report (Thomas et al. 1993) proposed a strategy for the protection of 
habitat for late-successional species and threatened fish stocks on federal land 
in the owl region. It called for implementation of the Thomas Report's 
Consemation Strategy (or the northern spotted owl recovery plan), protection 
of all mature forest within the range of the marbled murrelet, and 
implementation of riparian reserve system 1. 

To understand the SAT Report's implication regarding risk to species and 
timber harvest, we examined two types of murrelet protection: (1) protection of 
all mature habitat within the range (called "SAT"), and (2) protection of 
LS/OGl, LS/OG2, and owl additions identified in a report by Johnson et al. 
(1991) (called "revised SAT"). We also examined two types of fish habitat 
protection: (1) riparian reserve 1 (called "SAT") and (2) riparian reserve 1 
protection for permanent streams, and half the protection for intermittent 
streams (called "half SAT"). Table 21 gives the results of the four simulations. 
We summarize their timber harvest results for the owl region as follows: 
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Murrelet Fish habitat PSQ % 
protection protection (MMBF / YR) greater 

than SAT 
SAT SAT 743 --- 
SAT half SAT 826 11 
Revised SAT SAT 848 14 
Revised SAT half SAT 931 25 

Thus, moving to revised SAT for murrelet or fish protection raises the PSQ by 
about 11 to 14 percent, and moving to both at once approximately doubles 
these results. As can be seen in Table 21, the impact by administrative unit 
varies considerably: the coastal forests receive the biggest boosts in PSQ from 
the change. The scenario with revised murrelet protection and-half SAT fish 
protection formed the basis for Option 5. 

Key Watersheds 

An important question remains as to whether further timber sales will be 
allowed in Key Watersheds. All these watersheds must have a watershed 
assessment done before sales can proceed and we do not know what this 
assessment will show or how the information will be used. The Tier 1 Key 
Watersheds, which cover over 90 percent of the Key Watershed acreage, 
contain potentially threatened fish stocks. Certainly, any harvest here will 
proceed very cautiously. 

Therefore, we evaluated the contrilytion of Tier 1 Key Watersheds for selected 
options: 

Option -------- PSQ -------- -- % 
With Key Without Key chng 
Watersheds Watersheds 

While Options 6 and 9 have a somewhat comparable acreage in late- 
successional reserves, Option 9 experiences a lower impact on harvest from 
removing Key Watersheds because one objective of the option was to overlap 
reserves and Key Watersheds. See Table 22 for comparisons by administrative 
unit for Option 9. 

The 50-11-40 Rule 

We have two analyses that allow estimation of the effect of the 50-11-40 rule: 
(1) Option 7 (Forest and District Plans plus the northern spotted owl recovery 

18 
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,plan) was analyzed with and without the 50-11-40 rule; and (2) Option 10 is 
simply Option 6 without the 50-11-40 rule. 

With 50-11-40 Without 50-11-40 % 
reduction 

Option 7 1561 
Options 6/10 811 

As the extent of withdrawals in the matrix increases (as is seen in a 
corresponding increase in the riparian reserve system from Option 7 to 
Options 6 and lo), the impad of the 50-11-40 rule diminishes. See Table 23 for 
comparisons by administrative unit. 

Potential Sources of Error in PSQ Estimates 

As pointed out in the FEMAT Report, some of the management rules and 
procedures for the different options make it difficult to fully determine the 
actual sale level that will result. While we will concentrate on Option 9, most 
of the discussion here also applies to the other options. 

Estimates of Stream Miles and Interim Buffer Widths 

The riparian reserve levels were a function of both the specified buffer widths 
and amount of streams and wetlands on the administrative units. For a 
number of reasons, the estimates made here of these two variables may be in 
error: 

1. Estimates of stream miles for the different administrative units came from a 
relatively small sample of quads (approximately two per National Forest or 
BLM District) (see Chapter V of the FEMAT Report for more information). 

2. The amount of intermittent streams that will be found on federal lands 
remains an issue. 

3. No estimate of wetland buffers were included in the PSQ calculations. 
4. The guidelines for buffers call for buffering all 100-year flood plains, inner 

gorges and riparian vegetation. This was not directly addressed. 
5. Site-potential tree heights came from a relatively small sample. 
6. An average site-potential tree height was assigned to each administrative 

unit after determining the average site of the administrative unit. No 
recognition was made that the site along streams might be higher than this 
average or that the site might vary over the forest. 
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Interpreting Northern Spotted Owl Protection Guidelines 

The northern spotted owl recovery plan (USDI 1992) calls for a number of types 
of reserves including managed pair areas, reserved pair areas, and 100-acre 
buffers around each nest site. These reserves were not always retained in 
Options 2, 3, 6, 8, 9, and 10. It remains to be seen whether they will be needed. 

Additional Buffers for Sensitive Vertebrates and Invertebrates 

Like many of the options, Option 9 calls for designation of "activity centers" or 
other special buffers for marbled murrelets and other species, as they are 
found, within which timber harvest will be prohibited or restricted. We 
allowed for the impact of only those sites that had been located at the time of 
the analysis. We expect many more sites will be found, especially for the 
murrelet, with a resulting impact on timber harvest levels. 

Inoperable Acres 

It was difficult for us to fully capture the impact of the extensive riparian 
network in Option 9 on the area available for timber production. Much of the 
timber production area will be in fairly small pieces and slivers between the 
riparian corridors-at least until watershed analysis is completed. While we 
did conduct an inoperable land assessment, and a reduction for inoperable 
acres was factored into the probable sale quantity, we remain concerned about 
whether we have recognized the full extent of this problem. 

The Effect of Green Tree Retention.on Future Stand Growth 

Many of the options call for green tree retention beyond that prescribed in the 
underlying Forest Plans of Region6 and, to a lessor degree, of BLM's District 
Plans. We built into our analysis the effects on volume harvested per acre 
from these policies. Recent studies (Birch and Johnson 1992) though, suggest 
that leaving green trees in coastal forests can also reduce future stand growth. 
We did not build such reductions into the PSQ for the next decade, although it 
might be argued that future growth reductions will ripple back to the present 
and reduce near-term harvest levels under a nondeclining yield harvest policy. 
We did not consider the potential effect of reductions in future growth on PSQ 
for the next decade, in part because the short time available for this analysis 
precluded reconstruction of underlying yield tables. In addition, the PSQ for 
most of the administrative units starts sigruficantly below the long-term 
potential growth for the forests. Thus, somewhat reducing this long-term 
growth rate will not necessarily translate into an equivalent reduction in PSQ 
now. 

Still, reducing future stand growth could have some effect on PSQ for the next 
decade especially in those options that call for leaving six large trees per acre 
(Options 2,6,8, and 10). Option 9, on the other hand, calls for leaving.15 
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percent of the volume in harvest units, approximately equally distributed 
between clumps and scattered trees. Leaving 7.5 percent of the volume in 
scattered trees works out to leaving about 2.5 large trees per acre. Interpreting 
the work of Birch and Johnson, the growth effects of such a policy might 
reduce the PSQ of the next decade by up to 5 percent. This 5 percent 
reduction--should it be needed--would be in addition to the reduction in 
immediate inventory which we built into the analysis. 

Unresolved Issues in the 
Calculation of PSQ 

Including the Key Watershed Harvest in the PSQ 

A watershed assessment must be completed before more timber sales can 
occur in Tier 1 Key Watersheds. In the meantime, other parts of the forest 
could be the source of the Tier 1 Key Watershed's share of the harvest. 
Without some thought, these Key Watersheds may function somewhat like the 
roadless areas of the 1980s: present in the timber base but unavailable, with a 
resulting overemphasis on timber harvest from other lands. To avoid this 
problem, we urge the Forest Service and BLM to consider keeping the 
probable sale contributions from these watersheds separate 
(noninterchangeable) from the rest of the probable sale level, such that the 
portion of the probable sale level ascribed to these areas must actually come 

. from these areas. 

Including the Adaptive Management Areas in thePSQ 

We must await the completion of Adaptive Management Areas plans to get a 
firm idea of their associated sale levels. Until then, there will be a natural 
tendency to stay away from these areas even though they are assumed to 
contribute timber harvest just slightly below that of comparable acres. 
elsewhere in the suitable timber base. Going elsewhere for the Adaptive 
Management Area volume could create problems. As with Tier 1 Key 
Watersheds, therefore, we urge that the Forest Service and BLM consider 
keeping the probable sale contributions from these areas separate 
(noninterchangeable) from the rest of the probable sale level such that the 
portion of the probable sale level ascribed to these areas must actually come 
from these areas. 

Increasing the Level of Protection of Habitats 

A number of mitigation steps are outlined in the FEMAT Report to increase 
the level of protection given to the habitat of different species, if that is 
desired. Increasing habitat protection to an 80 percent likelihood of achieving 
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stable, well-distributed populations, as an example, for species that do not 
attain that level of protection under Option 9 (such as anadromous fish stocks) 
could have a signtficant impact on the probable sale quantity. 

Reflecting Historic Patterns of Forest Structure and Disturbance 

Theories about how to achieve sustainable forest ecosystems are rapidly 
evolving. Much of the thinking centers around the objective of reflecting 
historic (pre-European) patterns of forest structure and disturbance as the 
surest guide to sustainable forests, and we would expect Forest and Distrid 
Plan revisions to consider this guide. In their work, FEMAT did not directly 
address this issue in terms of matrix management. Rather FEMAT, in many 
options such as Option 9, used the matrix management approach of the Forest 
and District Plans slightly augmented by green tree retention requirements. 
Altering rotation length and other practices in the matrix to enable federal 
forests to refled historic patterns of forest strudure and disturbance could 
significantly affect timber harvest levels. 

Maintaining Consistency with the Ecosystem Policy 
of the Federal Agencies 

Many National Forests in Region 6 have already begun implementation of the . 

Forest Service Chief's new ecosystem policy. Green tree retention under this 
policy is often higher than the 15 percent called for under Option 9. Therefore, 
implementation of Option 9 could require a rollback of these practices on some 
forests-always a hard thing to achieve--or the probable sale levels estimated 
here could prove inaccurate. The BLM Districts may experience similar 
phenomena as they implement the ecosystem policy of their agency. 

Dependence on the Harvest of Late-Successional Forest 

Most of the harvest in Option 9 (and many other options) over the next decade 
will come from late-successional forest (over 80 years old). Close to 50 percent 
will come from forest over 200 years old. Thus late-successional forest will 
remain the bulwark of the harvest in the next decade under Option 9. On the 
four National Forests in the Cascade Range that will provide much of the 
Forest Service's contribution to harvest under Option 9 (Gifford Pinchot, Mt. 
Hood, Willamette, and Umpqua), little other approach is possible given the age 
class distribution of the inventory (Table 24). While Option 9 may reserve 
sizeable amount of late-successional forest on federal land, it does not escape 
the historic dependence on late-successional forest and old growth as the 
source of harvest volume (see the sale analysis below for details). How 
publicly acceptable this policy will be remains to be seen. 
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Achieving Stability in Planned Sale Levels 

According to the FEMAT's authorizing letter (Appendix A), one of the 
principles the President said should guide the FEMAT effort was that "the plan 
should produce a predictable and sustainable level of timber sales ..." The goal 
of a predictable level of timber sales will be difficult, perhaps impossible, to 
achieve under Option 9 or most of the other options presented in the FEMAT 
Report. 

In the past the federal lands in the owl region had a primary objective of 
offering a similar level of timber sales from year to year. That goal was often 
achieved even if harvest on federal lands was sometimes erratic due to 
fluctuations in the wood products market. 

Until recently, a fundamental assumption was that a sustained yield of timber 
would sustain the underlying forest processes. Now that assumption is being 
questioned. The major goal of forest management has shifted to sustaining the 
underlying ecological processes of the forest, which, in the FEMAT Report, are 
largely measured through the protetion of habitat for late-successional species 
and fish. 

The laws governing management of federal forest lands require protection of 
threatened species and their habitats, not production of commodities. Overall, 
uncertainty will cloud the preparation of timber sales prepared under the 
diretion of the FEMAT Report for the foreseeable future. Planning processes 
for which we have no b l u e p ~ t  will be required that measure and control 
-cumulative environmental effects. Extensive project surveys will be needed for 
a multitude of species before timber sales can go forward; as speaes are 
located, significant sale modification or abandonment may be necessary. In 
sum, it will be difficult in the future to achieve predictable supplies of timber 
from federal lands in the owl region. 

The Reserves as Potential Sources of Timber Volume 

We analyzed the potential volume from thinning and catastrophic salvage in 
late-successional reserves separate from the probable sale levels discussed 
above. 

From Thinning 

Many of the options in the FEMAT Report allow thinning in young stands 
within late-successional reserves. Some restrid this thinning to small managed 
stands (less than approximately 12" dbh or about 50 years old) where such 
action will accelerate the development of late-successional forest. One (Option 
9) allows thinning in managed or natural stands up to 80 years old where such 
action will assist, or be neutral to, development of late-successional forest. 
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Little volume could be produced from thinning managed stands in reserves in 
the first decade under most options---the stands are too young (generally less 
than 30 years old) to contribute much volume except in a few places like the 
Oregon Coast. For example, such action on lands administered by the BLM 
would produce less than 5 million board feet per year. Next decade, though, 
such harvest could begin to contribute more volume. 

On the other hand, more volume might be produced by allowing the thinning 
of natural stands in reserves up to 80 years old. For example, such action on 
lands administered by the BLM could produce up to 25 million board feet per 
year under many of the options. 

In total, though, thinning in reserves has only very limited ability to produce 
timber volume in this decade. This conclusion is partly explained by the age 
class structure of the federal lands. Considering the four National Forests in 
the Cascade Range that will provide much of the timber harvest'in most 
options, we see that most of the forests are either less than 40 years old or 
greater than 80 (Table 24). Looking at the distribution of standing volume on 
these Forests, the situation is even clearer: over 90 percent of the volume is in 
stands over 80 years old. This pattern is also shown, to a lessor degree, on 
lands administered by the BLM. 

The conclusion is reenforced by the limited proportion of these young stands 
that would be available within late-successional reserves in options such as 
option 9. Most of these stands are in Congressional withdrawals, 
administrative withdrawals, or riparian reserves. 

From Catastrophic Salvage 

The standards and guidelines for many of the options allow salvage within 
late-successional reserves after a catastrophic event such as fire or windthrow. 
To assess the potential harvest associated with such policies, we did an 
analysis of potential timber yield that might be gained from fire salvage on 
lands administered by the Forest Service in Region 6 under the options. - 

We first estimated fire frequency from Forest Service records that spanned 21 
years (1970-1991). Fire frequencies varied from a low of 0.008 percent per year 
(Siuslaw National Forest) to a high of 0.5 percent per year (Siskiyou National 
Forest) (Table 25). The average historical fire frequency equated to about a 770 
year rotation. Conversations with ecologists (T. Spies pers. comm.) led us to 
believe that the expected future fire frequency would yield a shorter average 
rotation. Therefore, we also considered about half the calculated rotation of 
350 years. 

We next estimated the yield that might accrue from salvaging stands burned at 
these historic rates. Because most of the volume in the owl region is in mature 

. stands (the 8 milli~n acres of medium and large conifer described above), we 
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concentrated on their salvage. We estimated the volume per acre in these 
stands by administrative unit with an overall regional average of about 6200 
cubic feet per acre. 

However, most of the options, including Option 9, follow the salvage rule in 
the northern spotted owl recovery plan that requires leaving enough dead 
trees to achieve natural levels of snags and coarse woody debris once late- 
successional characteristics again occur (80-100 years). Following these rules, it 
appears likely that salvage of only relatively small trees (those under 20" dbh) 
from large, heavily-impacted areas will be permitted. Therefore, we estimated 
the proportion of the volume less than 20" dbh in the mature forest of each 
National Forest (Table 25) which averaged about 25 percent of the volume in 
mature stands less than 20" dbh. 

Finally, we estimated the acres of mature forest that might be available for 
salvage within late-successional reserves. For Option 9, the Forest Service 
Region 6 acreage in mature forest in reserves totals 1.3 million acres after 
netting out administrative and congressional withdrawals (Table 25). These 
reserves overlap with riparian reserves. 

Multiplying the historic fire frequency times the mature acres in reserves times 
the volume that might be available for harvest yields the potential salvage 
yield from mature stands in the owl region. We did this calculation both for a 
fire frequency that would yield a 770 year rotation (1X) and the one that 
would yield a 350 year rotation (2X). Average annual volumes under these 
assumptions would be from 2.2 to 4.4 million cubic feet per year or 12.1 to 24.2 
million board feet per year. Expanding these estimates to cover the entire 
region might double this estimate. 

- 
Other volume would potentially be available from wind storms (especially in 
the Siuslaw and Olympic 'National Forests). Also, salvage volume could 
potentially be available in the small conifer stands. While these stands have 
much lower average volumes than the medium and large conifer stands, they 
also would have a higher percentage of th<volume under 20" dbh. 

On the other side of the issue, not all fire-damaged areas in reserves will be 
salvaged. Option 9 does not allow salvage in areas less than 10 acres. 
Realistically, salvage of all available areas will probably not ocm. Finally, 
there are considerable safety issues involved in falling small dead trees under 
large dead trees. 

Short-Term Timber Sales 
It takes many months or years to prepare timber sales. Sale planning and 
design by an interdisciplinary team, completion of protocols for the location of 
threatened and endangered species (such as the northern spotted owl and 
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marbled murrelet), and National Environmental Policy Ad (NEPA) compliance 
all take sigruficant amounts of time. Given the time required to prepare new 
sales, the impacts of various options on the short-term federal timber supply 
is, for the most part, a function of how the options affect the existing and near- 
term timber sale program. In assessing the consequences of the options 
relative to the timber sale program, we concentrated our efforts on 
determining where the individual sales were located with respect to the 
variety of terrestrial and aquatic reserve systems present in the options, Key 
Watersheds, Adaptive Management Areas, and other problematic allocations. 
We then determined how much sale volume was located inside and outside of 
these various allocations for each of the different sale categories. 

Methodology 

We first asked Forest Service and BLM field personnel to s t r a w  existing sales 
and those nearing completion into four categories: 

Sales sold add awarded (category 1). These are sales that have been 
bought by the purchaser and a formal contra@ has been written. These 
sales are currently being harvested and are often referred to as "volume 
under contract". 

Sales prepared but not sold that have been enjoined by the decisions of 
Judge Dwyer (category 2). By and large, these sales would have been the 
basis of the Forest Service's fiscal year 1992 timber sale program if Judge 
Dwyer had lifted the injunction on sales in northern spotted owl habitat. 

Sales prepared but not yet sold that are not enjoined by the decisions of 
Judge Dwyer (categories 3 and 4). Category 3 sales would be sold by 
September 30,1993, and category 4 sales by December 31,1993. They are 
lumped together for this analysis. 

Sales sold and not awarded (category 5). These sales have been bought by 
a purchaser but have not been formerly awarded with the issuance of a 
contract. 

Each National Forest and BLM unit was then asked to locate individual timber 
sales on a l/Zinch to the mile base map and identify each sale as belonging to 
one of the five categories. In addition, the field units supplied the following 
information for each timber sale: sale name, predominant harvest method, sale 
volume, consultation requirements for spotted owls and murrelets, stand age, 
harvest acres, remaining system road construction and riparian volume. For 
the latter, the field units were instructed to use the buffer widths used in the 
probable sale quantity analysis. 

Map overlays were created for the late-successional reserve systems present in 
the various options. Specifically, overlays of LS/OGl, LS /OG2, and owl 
additions were developed along with ones for the designated conservation 
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areas (DCAs) and "Option 9" reserves. Overlays were also constructed 
depicting boundaries for spotted owl critical habitat units (CHUs), marbled 
murrelet near zone, RARE roadless areas, Adaptive Management Areas, and 
Key Watersheds. The Key Watersheds were further identified as being either 
Tier 1 or Tier 2. Forest Service Regional Office staff used the overlays in 
conjunction with the timber sale base maps to make ocular estimates of the 
percent of each timber sale located within each of these areas. 

The information gained from this overlay process along with the information 
provided by the field units was used to develop a PARADOX data base for . 
Forest Service sales and a LOTUS spreadsheet for BLM sales. A series of 
queries were then performed on the data bases, the results of which are 
presented below. 

m 

Comparison of Options 

The FEMAT options are, in essence, a set of land allocations and standards 
and guidelines for the federal forests of the owl region. In evaluating the 
impact of these options on the Forest Service timber sale program, we looked 
at three categories of land allocations: (1) allocations exempting timber 
harvest, (2) allocations requiring further analyses prior to permitting harvest, 
and (3) allocations where the short-term management direction is uncertain. 
We chose to examine these two latter categories because the amount of time 
needed to conduct required inventories, analyses and assessments or the time 
required to further clarify direction may preclude timber sales from going 
forward in the near term. The preemptive allocations we examined were 
terrestrial and aquatic reserves systems, the "further analyses" allocations were 
Key Watersheds, and the "clarify direction" allocations were Adaptive 
Management Areas. Some type of terrestrial or aquatic reserve system is part 
of all options, Key Watersheds are identified in all but Option 7, and Adaptive 
Management Areas are only found in Option 9. We sorted the timber sales to 
determine which were inside and which were outside of these various option 
components. Table 25 displays how much of the existing and near-term 
timber sale program is impacted. 

Options 2, 4, 5, 6, 9, and 10 contain 47-62 percent of the categories 1 and 5 sale 
volume, 47-61 percent of the category 2 sale volume, and 22-34 percent of the 
categories 3 and 4 sale volume in murrelet, late-successional or riparian 
reserves. Option 1 has the most timber in some type of reserve: 96 percent of 
the sale volume in categories 1 and 5, 98 percent of the sale volume in 
category 2, and 70 percent of the sale volume in categories 3 and 4. Option 7 
has the least amount in reserves: 27 percent of the sale volume in categories 1 
and 5, 18 percent in category 2, and 6 percent in categories 3 and 4. Figure 1 
displays the sale volume remaining outside reserve systems under each option 
as a percentage of the total sale volume present in each category. Option 1 has 
the least amount of sale volume remaining outside the reserves: 4 percent of 
the sale volume' in categories 1 and 5, 2 percent in category 2, and 30 percent 
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in categories 3 and 4. Option 7 has the most sale volume remaining outside of 
reserves: 73-94 percent of the sale volume across all categories remains outside 
reserves. The remaining options have from 39-78 percent of all sale volume 
located outside the reserve systems. Of these remaining options, Option 5 has 
the most sales volume present outside of the reserves and Option 2 has the 
least amount. 

Timber sales which were not in some type of reseme were further sorted 
according to Key Watershed and Adaptive Management Area boundaries. 
When those timber sales that fell outside of reserves yet inside Key 
Watersheds or Adaptive Management Areas are considered unavailable in the 
near term along with the timber sales inside reserves, Options 2, 4, 5 ,6 ,  9 and 
10 have 60-72 percent of the sale volume in categories 1, 2 and 5, and 40-51 
percent of the sale volume in categories 3 and 4 unavailable for harvest. By 
restricting sales from Key Watersheds and Adaptive Management Areas under 
these options, 10-18 percent more sale volume is made unavailable when 
compared to restricting sales in only the reserve systems. Option 1 still has 
the largest impact on the sale program; however, adding Key Watershed 
restrictions on top of the Option 1 reserve system results in the least additional 
unavailable sale volume. Adding the Key Watersheds in this instance resulted 
in 0-1 percent more volume being unavailable. The size of the reserve system 
for Option 1 basically makes the impact of other allocations marginal to 
nonexistent. Since Option 7 does not contain Key Watersheds, the amount of 
sale volume unavailable does not change. This option continues to have the 
least impact on the timber sale program. 

Figure 2 displays the resulting volume available under each option assuming 
all timber sales located in reserves systems, Key Watersheds, and Adaptive 
Management Areas cannot be harvested in the near term. Option 7 has the 
most volume availableand Option 1 has the least. The remaining options are 
fairly well clustered together. 

The preceding discussion centered on effects of the terrestrial and aquatic 
reserves when considered jointly. We also looked at the relative impact o f  
each type of reserve when taken separately. Specifically, we examined the 
impact of alternative murrelet policies, alternative late-successional reserve 
systems, and alternative riparian scenarios. The results are presented below. 

Alternative Marbled Murrelet Policies 

The options embody one of two murrelet strategies: (1) set aside LSIOG1 and 
LS/OG2 areas in the murrelet near zone or (2) set aside LS/OG2 in the 
murrelet near zone. Because the murrelet is a threatened species, we felt all 
murrelet habitat might prove to be exempt from harvesting in the near term. 
We therefore chose to examine potential impacts of additional murrelet 
strategies. The results of this work are shown in Table 27. 
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The murrelet strategies we considered include policies excluding all sales 
within the murrelet near zone, policies excluding sales within LS/OGI and 
LS/OG2 areas in the murrelet near zone, and those preempting sales located in 
LS/OG2 areas in the murrelet near zone. For each of these strategies we then 
examined the impact on available sale volume of excluding sales needing 
consultation on the murrelet. When the policy of excluding sales needing 
consultation is added to the strategy for the murrelet near zone, for example, 
an additional 103 million board feet across all sale categories becomes 
unavailable. This is due to the consultation requirements for sales within the 
murrelet far zone (also referred to in the FEMAT Report as marbled murrelet 
zone 2). 

* 
The murrelet strategies impact the sale volume quite differently. Looking at 
Table 27, we see the strategy referred to as "LS/OG2 within the murrelet near 
zone" is the least restrictive across all sale categories and the "murrelet near 
zone with consultation" is the most restrictive in terms of sale volume. It is 
also interesting to note that the effect of adding consultation as a criterion for 
removal of sales has the most impad on the "LS/OG2 within murrelet near 
zone" strategy. This is due to the presence of those sales within the near zone 
needing tonsgtation which are not located in LS/OG2 areas. 

Regardless of option, all sales that fall within the murrelet near zone and all 
sales needing consultation might be preempted from harvest in the near term. 
We chose to evaluate what this type of policy would mean to available sale 
volume if it was enacted in conjunction with each of the options. The results 
of this assessment are shown in Table 28. 

a 

Adding the "murrelet near zone plus consultation" strategy to each of the 
options results in the removal of an additional 8 to 318 million board feet from 
the available volume in category 2, and an additional 5 to 65 million board feet 
from the available volume in categories 3 and 4. The largest additional 
removals occur under Option 7 where designated conservation areas are the 
only reserves. - 

Late-Successional Reserves 

The range of options considered in this study include different late- 
successional reserve systems. Timber sales were examined to see whether they 
were located in each of these reserve systems. A comparison was then made 
to see how 'much of each sale category fell within and outside of each of the 
reserve systems. The results are shown in Table 29. 

For all sale categories, the late-successional reserve system built on designated 
conservation areas (DCAs) removes the least amount of sale volume from 
availability, and the late-successional reserve system referred to as "LS / OG1, 
LS/OG2, LSlOG3 and Owl Additions" removes the most sale volume. Under 
the 'DCA" strategy, 27 percent of the sale volume in category 1, 18 percent of 
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the sale volume in category 2, 6 percent of the sale volume in categories 3 and 
4, and 38 percent of the sale volume in category 5 is in the reserves. In 
contrast, the "LS/OGl, LS/OG2, LSlOG3 and Owl Additions" system removes 
95 percent of the sale volume in category 1,97 percent of the sale volume in 
category 2, 63 percent of the sale volume in categories 3 and 4, and 100 percent 
of the sales volume in category 5 from the total available sale volume. 

We also examined how well the alternative late-successional\ reserve systems 
overlapped with sales located in spotted owl critical habitat designated by the 
USDI Fish and Wildlife Service. Table 30 displays the total volume inside each 
of the reserve systems and the total amount of that volume that is also located 
in critical habitat unit. For category 2 sales, 294.4 million board'feet of the sale 
volume is located in critical habitat. Of that 294.4 million board->feet, 121.8 is 
inside DCAs, 160.1 is inside DCAs and LS/OG1 areas, 110.3 is @side LS/OG1 
and Owl Addition areas, 166.0 is inside LSIOG1, LS/OG2 and,Owl Additions, 
243.3 is inside LSIOGI, LS/OG2, LSlOG3 and Owl Additions, and 140 million 
board feet is inside "Option 9" reserves. While the "LS/OGl, LS/OG2, LS/OG3 
and Owl Additions" reserve system captures most of the sales located in 
critical habitat, none of the reserve systems capture all of it, and there appears 
to be no clear trend in terms of 'DCA" based reserves overlapping these areas 
more than "LS/OGW based systems or vice versa. 

Riparian Reserves 

The riparian reserve scenarios have not yet been located on the ground. The 
field units examined each sale and determined how much of the volume fell 
within riparian scenario 1 and riparian scenario 2. Personnel at the field units 
felt that the estimates they developed have a 10-20 percent margin of error 
associated with them. 

- 

We looked at the relationship of the riparian reserves to total sale volume for 
each of the sale categories. The results shown in Table 31 suggest that, for the 
most part, riparian scenario 1 removes 25-35 percent of the total sale volume 
from the available base and riparian scenario 2 removes 15-30 percent. The 
relationship between riparian scenario 1 and riparian scenario 2 also appears 
to be fairly constant across categories. Under riparian scenario I, about 3-6 
percent more sale volume is set aside than under riparian scenario 2. 

I Age Class Distribution and Harvest Methods 

Each of the sales were tagged according to their predominant stand age and 
har'vest method. We grouped the ages into three categories: (I) less than 80 
years, (2) 80 to 200 years, and (3) 200 years and older, and we grouped the 
harvest methods into two classes: (1) even-aged regeneration harvest and (2) 
other harvest methods. The silvicultural treatments in the latter group range 
from partial cuts to hazard tree removals. Table 32 displays by sale category 
the amount of sale volume and harvest acres coming from each of the age and 
harvest method groupings. 
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There are two noteworthy trends displayed in Table 32. The amount of sale 
volume coming from stands 200 years and older shifts dramatically between 
sale categories. For sale categories 1, 2 and 5,49-50 percent of the total sale 
volume is from stands 200 years and older. In contrast, only 10 percent of the 
sale volume in categories 3 and 4 is from stands greater than 200-years old. 
The other trend is in harvest method. While even-aged regeneration harvest is 
the predominant method for category 1 sales, the predominant method for 
categories 3 and 4 sales is some other form of harvest. 

Another aspect of the age class distribution that we examined was the overlap 
between the allocations in the options and stands 200 years and older. Table 
33 shows: (1) the amount of volume available under each option assuming all 
volume within the various option components is unavailable in the near term, 
(2) the amount of this volume classified as 200 years and older, and (3) the 
total amount of sale volume in each sale category classified as 200 years and 
older. 

Examining category 2 sales in Table 33 reveals that of the total sale volume 
(1199.2 million board feet), 49 percent or 591.3 million board feet is classified 
as 200 years and older. Of that 591.3 million board feet, 31-84 percent is 
available for harvest under Options 2 through 10. Option 1, which has 20.1 
million board feet available for harvest, excludes from harvest 100 percent of 
the stands greater than 200-years old. Option 7, on the other hand, protects 
the least amount of the sale volume 200 years and older. Of the 591.3 million 
board feet of category 2 sale volume classified as 200 years and older, 495.0 
million board feet or 84 percent of this volume is located outside the reserves 
in Option 7. . 

With the exception of Option 1, Option 2 has the least amount of sales 200 
years and older lying outside of reserves and Key Watersheds. Of the 591.3 
million board feet of category 2 sale volume classified as 200 years and older, 
185.1 million board feet or 31 percent falls outside the reserves and Key 
Watersheds in Option 2. The remaining 69 percent lies within one of the 
option's components. Figure 3 displays these percentages for each of the 
options and sale categories. 

Screening Individual Options 

Forest Service 

This section looks at how the various allocations within an option are 
.distributed in relation to each other. In order to see whether the components 
of an option overlap or are mutually exclusive we classified each of the sales 
categories for an option according to four or five hierarchical criteria. First, the 
sales were classified as to whether they were within the option's munelet 
reserves. Given this determination, sales were further classified as to whether 
they were inside or outside the late-successional reserve system of the option. 
Then the sales were further classified as to whether they were inside or 
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outside Key Watersheds or Adaptive Management Areas. Finally, the sales 
were sorted to determine which were inside roadless areas. Table 34 presents 
the results of this sorting process for Option 9. 

The volume in the intersetion of each sale category and sale classification in 
Table 34 is further classified in terms of total volume and riparian reserve 
volume. The riparian reserve volume represents the amount of total sale 
volume located in Option 9 riparian reserves. For example, the total volume in 
category 1 sales is 1808.1 million board feet. Total sale volume located in 
riparian reserves is 394.3 million board feet. Total volume net of riparian 
reserves is 1413.8 million board feet (1808.1 - 394.3). 
Table 34 shows the amount of sale volume located in each allocation and 
whether the allocations overlap. From this information we can determine the 
marginal impact on sale volume of precluding harvest in the &erent land 
allocations. A word of caution is in order, however. As the following 
example will illustrate, the marginal cost of precluding harvests from the 
different land allocations is a function of the order in which the allocations are 
considered. There is, for example, 471.6 million board feet of category 2 sale 
volume located in the terrestrial reserves and 349.2 million board feet of 
category 2 volume located in Key Watersheds. Of the 349.2 million board feet 
located in Key Watersheds, 57 percent or 197.9 million board feet falls within 
the terrestrial reserve system and 150.1 million board feet fall outside the 
reserves. If terrestrial reserves are first made unavailable for harvest, then the 
cost of this decision could be viewed as a loss of 471.6 million board feet of 
sale volume. If harvest is then precluded from Key Watersheds, the 
inaemental cost in terms of sale volume for that decision would be 150.1 
million board feet, the amount of sale volume located in Key Watersheds but 
outside of reserves. 

If we reverse the order and first preclude harvest from the Key Watersheds - 

and then the reserves, the marginal costs of these decisions will be different. 
The costs in terms of lost sale volume for precluding harvest from Key 
Watersheds would, in this instance, be 349.2 million board feet, the full 

- amount of category 2 sale volume located in Key Watersheds. Adding the 
reserves on top of the Key Watersheds would then result in an additional 273.7 
million board feet of sale volume being ascribed to the reserves rather than 
471.6 million board feet. How the lost sale volume is distributed back to the 
individual allocations is a funtion of which allocations get considered first. 
It's truly a case of "first in gets hardest hit". 

The overlap between the Adaptive Management Areas and terrestrial reserves 
is less than that found for the Key Watersheds and terrestrial reserves. There 
is 168.3 million board feet of category 1 volume, 163.6 million board feet of 
category 2 volume, and 52.5 million board feet of categories 3 and 4 sale 
volume located in Adaptive Management Areas. Of the total Adaptive 
Management Area volume, 19 percent of the category 1,11 percent of the 
category 2, and 26 percent of the categories 3 and 4 sale volume occurs inside 
terrestrial reserve systems. The remainder occurs outside the reserves. There 
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is greater overlap between roadless area designations and terrestrial reserves: 
147.4 million board feet of category 1 sale volume is located in roadless areas; 
as is 108.9 million board feet of category 2 volume, 19.5 million board feet of 
categories 3 and 4 volume, and 17.4 million board feet of category 5 sale 
volume. Of this volume, 46 percent of the category 1, 53 percent of the 
category 2, 11 percent of the categories 3 and 4, and 100 percent of the 
category 5 fall within the terrestrial reserves. The remainder is located outside 
the reserves. 

By sorting down through the sale's shown in Table 34, we can determine how 
much of the sale volume falls inside and outside of each of the Option 9 
allocations. A quick scdn reveals that approximately 32 percent of category 1, 
28 percent of category 2, 46 percent of categories 3 and 4, and 24 percent of 
category 5 sale volume is located outside of Option 9 allocations and roadless 
areas. The remainder of the sale volume falls within one or more of the 
reserve systems, Key Watersheds, Adaptive Management Areas, or roadless 
areas. 

It is quite clear from Table 34 that the allocations do not perfectly overlap. If 
only the terrestrial reserves exclude harvesting in the near term, then of the 
1199.2 million board feet of category 2 sales, 727.6 million board feet would be 
available for harvest. If the aquatic reserves are also unavailable then the 
amount of sale volume drops to 572.3 million board feet. If, in addition, Key 
Watersheds and Adaptive Management Areas are restricted areas in the next 
year or two due to requirements for further analysis, then the pool of available 
sale volume falls to 355.6 million board feet. Finally, if roadless areas are 
determined to be off limits, then the category 2 sale volume available is 340.9, 
28 percent of the total volume in category 2 sales. 

Bureau of Land Management 

The information contained in Table 35 shows the distribution of sale volume 
using similar categories to those used by the Forest Service. The major 
difference is found under category 2. The volume shown under category 2 
consists of sold sales which are enjoined. Of this volume, 70 million board feet 
is comprised of sold and awarded timber sales, the remainder is sold and 
unawarded. In addition, BLM does not have any designated roadless areas so 
those land allocation classes have been eliminated. 

The volume shown under category 5 consists of Section 318 sales. The vast 
majority of these sales have just completed the consultation process. The 
actual volume which will be available for award is approximately half of that 
shown. This is due to the fact that in order to avoid "jeopardy calls" for the 
northern spotted owl and adverse modification of its critical habitat, the 
affected sale actions were changed prior to the finalization of the biological 
opinions. The affected sales will have to be modified in order to reflect these 
changes prior to their award. 
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Sale Information Update 

In July 1993, the Forest Service updated and corrected the sale data that 
formed the foundation for this work Table 36 shows the results of this 
update. Comparing Table 36 to the o n p a l  data in Table 26, we see the 
largest change occurred in the total category 1 sale volume. In the original 
data there was 1808.1 million board feet of volume available in category 1 
sales. This has now dropped to 1457.0 million board feet. This reduction is 
due to the harvesting that occurred April through July 1993. Sale data changes 
monthly as category 1 sales are harvested, categories 3 and 4 sales are sold and 
new sales ?re planned. It is not unexpected to find these differences since each 
data base takes a "snapshot" of the sale situation at different points in time. 
There is nothing, however, in the updated information to suggest the 
relationships we discovered and the magnitude of impact on the near-term sale 
program are sigdicantly different than those found with the original data. 

Drawing on timber sales that have already been prepared to provide volume 
in the near term may prove difficult under most options because of their 
location in terrestrial and aquatic reserve systems, Key Watersheds, Adaptive 
Management Areas, roadless areas, and critical habitat for the northern spotted 
owl as designated by the USDI Fish and Wildlife Service. Option 7 has the 
least impad on the pool of available sales. Of the 1.7 billion board feet of 
categories 2, 3 and 4 sales, Option 7 has approximately 1.4 billion sales outside 
of its 'DCA" based terrestrial reserve system. It is questionable, however, 
whether all this volume is available given the recent rulings on the murrelet 
and the potential listing of threatened fish stocks. When Option 7 is adjusted 
to reflect current murrelet requirements, the amount of available volume drops 
to under 1 billion board feet. Option 1 has the most impact on the timber sale 
program. Only 130 million board feet remain available if harvesting is 
excluded from its terrestrial and aquatic reserves and the Key Watersheds. 
The remainder of the options are clustered between these two options with 
anywhere from 500 to 700 million board feet remaining available for 
harvesting. 

The element of time is critical when putting together a short-term timber 
" 

program. The sale volumes reported above could easily be delayed for some 
time while sales are redesigned to come into compliance with the rules of each 
option. The rules that determine where roads can and cannot be placed 
relative to riparian reserves are an example of why sales might need to be 
redesigned and, as a result, delayed from being offered. 

The agencies may be able to prepare some additional sales in fiscal year 1994 
beyond those listed here. Recent sale preparation has focused on sales in less 
controversial areas. More of these sales might be ready before the end of fiscal 
year 1994. It must be pointed out though, that the majority of the categories 3 

. and 4 sales considered above will be sold before the end of this fiscal year. 
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ACEC 
ALS 
AMA 
BF 
BLM 
CF 
CHU 
CLA 
COL 
COOS 
DCA 
DES 
DOU 
EUG 
FEIS 
FEMAT 
GIP 
HCA 
ISC 
J AC 
JOS 
KLA 
KL A 
LS/OG 
LAK 
MED 
MBS 
MMBF 
MMCF 
MTH 
NF 
OKA 
PSQ 
ROR 
ROS - 

SAL 
SAN 
SAT 
SCT 
SHA /TRN 
SIS 
SIU 
SIU 
SOU 
SXR 
UKI 
UMP 
UPW 
WEN 
WIL 
WIN 

Table and Figure 'Abbreviations 

Area of Critical Environmental Concern 
Alsea Sustained Yield Unit 
Adaptive Management Area 
Board feet 
Bureau of Land Management (USDI) 
Cubic feet 
Critical habitat unit 
Clackamas Sustained Yield Unit 
Columbia Sustained Yield Unit 
Coos Bay District 
Designated conservation area 
Deschutes National Forest 
Douglas Sustained Yield Unit 
Eugene District 
Final Environmental Impact Statement 
Forest Ecosystem Management Assessment Team 
Gifford Pinchot National Forest 
Habitat Conservation Area 
Interagency Scientific Committee 
Jackson Sustained Yield Unit 
Josephine Sustained Yield Unit 
Klamath District 
Klamath Sustained Yield Unit 
Late-successional/ old-growth (area) 
Lakeview District 
Medford District 
Mt. Baker-Snoqualmie National Forest 
Million board feet 
Million cubic feet 
Mt. Hood National Forest 
National Forest 
Okanogan National Forest 
Probably sale quantity 
Rogue River National Forest 
Roseburg District 
Salem District 
Santiam Sustained Yield Unit 
Scientific Analysis Team (Report) 
South Coast Sustained Yield Unit 
Shasta-Trinity National Forest 
Siskiyou National Forest 
Siuslaw National Forest 
Siuslaw Sustained Yield Unit 
South Umpqua Sustained Yield Unit 
Six Rivers National Forest 
Ukiah District 
Umpqua National Forest 
Upper Willamette Sustained Yield Unit 
Wenatchee National Forest 
Willamette National Forest 
Winema National Forest 
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Table 1. Summarized description of the options for forest ecosystem management. (See 
explanatory notes for origin of the late-successional reserves and managed late-successional 
areas.)  (T& table was developed from Table III-2 of the FEMAT Report.) 

- 

Option Late-Successional Managed Late- Riparian Matrix 
Reserves ' Successional Areas Reserve strategy 

Option 1 LSIOGls; plus LS/ OG2s; plus Buffers for other Riparian 1 50-11-40 rule plus 
LSIOG3s; plus owl additions; plus species associated with retention of six large 
occupied marbled murrelet sites; old-growth forests. green trees, two large 
plus buffers for other species logs, and two snags 
associated with old-growth forests. per acre. Timber 
No timber harvest. harvest rotations of 

180-years plus 10 
percent of the matrix 
in stands over 180- 
years. 

Option 2 LSIOGls; plus LSfOG2.s; plus owl 
additions; plus occupied marbled 
murrelet sites. T i b e r  harvest only 
in younger forest stands and limited 
salvage. 

Option 3 LS/OGls; plus LSIOG2s within 
marbled murrelet zone 1; plus owl 
additions in the western portion of 
the northern spotted owl range; 
plus buffers for other species 
associated with old-growth forests. 
T i e r  harvest only in younger 
forest stands and limited salvage. 

Riparian 2 50-11-40 rule plus 
retention of six large 
green trees, two large 
logs, and two snags 
per acre. 

LSIOG2s outside Riparian 2 
marbled murrelet zone 
1 plus owl additions - 
approximately 50% to 
be retained with other 
50% to be managed on 
250-350 year rotations 
or through uneven-age 
management in the 
eastern portion of the 
owl's range. Six green 
trees retained in cutting 
units. - 

Managed pair areas for 
the eastern portion of 
the northern spotted 
owl range. Number 
and management to be 
based on the provisions 
of the Fial  Draft 
Recovery Plan (USDI 
1992). 

50-11-40 rule plus 
retention of four large 
green trees, 2-12 logs 
per acre plus snag 
levels to support cavity 
excavators, plus 
protection of 10 
percent of the matrix 
to be left in well- 
distributed patches of 
late-successional (or 
oldest available) 
forests. 

Buffers for other 
species associated with 
old-growth forests. 
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Table 1. (continued) 

Option Late-Successional Managed Late- Riparian Ma& 
Reserves Successional Areas Reserve strategy 

Option 4 

Option 5 

Option 6 

Option 7 

Option 8 

LSI OGls; plus LSIOG2s in marbled 
murrelet zone 1; plus designated 
conservation areas; plus reserved 
pair areas; plus residual habitat 
areas; plus occupied marbled 
murrelet sites; plus buffers for other 
species associated with old-growth 
forests. Management based on 
treatments of younger forest stands 
and limited salvage adapted from 
provisions of the F ia l  Draft 
Recovery Plan (USDI 1992). 

LS/OGls and LS/OG2s within 
marbled murrelet zone 1; plus 
designated conservation areas; plus 
reserved pair areas; plus residual 
habitat areas; plus occupied 
marbled murrelet sites; plus buffers 
for other species associated with 
old-growth forests. Management 
based on treatment of younger 
stands and limited salvage adapted 
from provisions of the Final Draft 
Recovery Plan (USDI 1992). 

- -  LSIOGls; plus owl additions; plus 
LSIOG2s withii marbled murrelet 
zone 1; plus occupied marbled 
murrelet sites. T i e r  harvest 
limited to treatment of younger 
forest stands and limited salvage. 

Designated conservation areas; plus 
reserved pair areas; plus residu;l 
habitat areas. Management based on 
federal agency interpretation of the 
provisions of the Fia l  Draft 
Recovery Plan (USDI 1992). 

LSIOGls; plus owl additions; plus' 
LSIOG2s withii marbled murrelet 
zone 1. Timber harvest only in 
younger stands and limited salvage 
withii marbled murrelet zone 1. 
Outside marbled murrelet zone 1, 
timber harvest allowed in stands 
less than 180-years old to produce 
or maintain spotted owl habitat, and 
salvage allowed that meets Forest 
and District Plan standards. 

Managed pair areas - Riparian 1 50-11-40 rule plus 
number and retention of green 
management based on trees, logs, and snags 
the provisions of the based on Forest and 
Fial  Draft Recovery District Plan 
Plan (USDI 1992); plus prescriptions. 
buffers for other 
species associated with 
old-growth forests. 

Managed pair areas - Riparian 2 
number and 
management based on 
the provisions of the 
Fial  Draft Recovery 
Plan (USDI 1992); plus 
buffers for other 
species associated with 
old-growth forest 

50-li-40 pius 
retention of green 
trees, logs, and snags 
based on Forest and 
Distrid Plan 
prescriptions. 

Riparian 2 50-11-40 rule plus 
retention of six large 
green trees, two snags, 
and two logs per acre. 

Managed pair areas -- Riparian buffers 50-11-40 rule (as 
number and asprescribed in interpreted by the 
management based on the Forest and agencies) plus 
the provisions of the District Plans. retention of trees, logs, 
Fial  Draft Recovery and snags based on 
Plan (LJSDI-1992); Forest and District 

Plan provisions. 

Riparian 3 Retention of green 
trees snags, and logs 
based on Forest and 
District Plan 
provisions. 
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Table 1. (continued) 

Option La te-Successional Managed Late- Riparian Matrix 
Reserves Successional Areas Reserve strategy 

Option 9 Portions of LSIOGls, LS/OG%, and Buffers for other Riparian 2 
designated conservation areas from species associated with 
Johnson et  al. (1991) and USDI old-growth forests. 
(1992); plus all LS/OGls and 
LSIOG2s in marbled murrelet zone 
1; plus occupied marbled murrelet 
sites; plus buffers for other species 
associated with old-growth forests. 
Placement of late-successional 
reserves in Key Watersheds 
emphasized. Management adapted 
from provisions of the F i a l  Draft 
Recovery Plan for Northern Spotted 
Owls (USDI 1992). 

Coastal OR and WA 
Forests - No retention 
of green trees. Other 
National Forests in OR 
and WA - retention of 
15 percent of the 
volume of a cutting 
unit in individual 
green trees or 
aggregation of 0.5 to 4 
acres. Federal Forests 
in CA - 180-year 
rotations in conifer 
forests, 100-year 
rotations in hardwood 
forests. BLM- 
administered lands in 
OR - Provisions of the 
revised preferred 
alternatives of Draft 
Resource Management 
Plans. 

Option 10 Same as Same as Same as Retention of six large 
Option 6 Option 6 Option 6 green trees, two snags, 

and two logs per acre. 

. Explanatory LS/OGl, LSIOG2, LSlOG3, owl additions - Terms for late-successional/old-growth reserve areas from 
notes - Alternatives for Management of Late-Successional Forests of the Pacific Northwest (Johnson et al. 1991). 

Designated conservation areas, reserved pair areas, residual habitat areas; and managed pair areas - 
Terms from the F i l  Draft Recovery Plan for the Northern Spotted Owl (USDI 1992). 

- 

Occupied marbled murrelet sites - Forest stands outside reserves tound to be occupied by marbled 
murrelets. 

Marbled murrelet zone 1 - Washington, coast-inland 40 miles; Oregon, coast-inland 35 miles; California, 
coast-inland 35 miles narrowing to 10 miles (also referred td in this paper as "marbled murrelet near 
zone"). 

Buffers for other species associated with old-growth forests - Forest areas around sites occupied by 
species identified in the report of the Scientific Analysis Team (Thomas et al. 1993) that will be 
protected from cutting (late-successional reserves) or managed under special guidelines (managed late- 
successional areas) to provide protection for the occupied sites. . 

Forest and District Plan elements - Land allocations or standards and guidelines from National Forests 
or on BLM District land and resource management plans that protect late-successional forests (late- 
successional reserves) or provide for timber harvest consistent with definitions of managed late- 
successional areas. 

50-11-40 rule - A prescription that calls for at least 50 percent of the forest stands on federal lands to be 
at least 11" dbh and for such stands to have a canopy closure of a t  least 40 percent. 
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Table 2. Administrative unit abbreviations. 

National Forests Bureau of Land Management 
Sustained 

Forest Abbreviation 
Deschutes* DES 
Gifford Pinchot 
Mt Baker Snoqualmie 
Mt. Hood 
Okanogan* 
Olympia 
Rogue River 
Siskiyou 
Siuslaw 
Umpqua 
Wenatchee 
Willamette 
Winema* 
Klamath 
Mendocino 
Shasta-Trinity 
Six Rivers 

GIP 
MBS 
MTH 
OKA 
OLY 
ROR 
SIS 
SIU 
UMP 
WEN 
WIL 
WIN 
KLA 
MEN 

SHWRN 
SXR 

District Abbreviation Yield Units Abbreviation 
Coos Bay COO South Coast SCT 

Eugene EUG Upper Willamette 
Siuslaw 

Lakeview LAK Klamath 

Medford MED Josephine 
Jackson 
Klamath 

Roseburg ROS Douglas 
South Umpqua 

Salem SAL Columbia 
Clackamas 
Alsea 
Santiam 

UPW 
SIU 

KIA 

JOS 
JAC 
KLA 

DOU 
SOU 

COL 
CLA 
ALS 
SAN 

Ukiah UKI 

* Study includes only the portion of these National Forests within the owl region. 
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Table 3. Description of approaches taken to estimate PSQ by option. 

OPTION ADMINISTRATIVE UNIT' 

National Forest National Forest Bureau of Land 
Region 5 Region 62 Management 

FORPLAN 

FORPLAN 

FORPLAN 

FORPLAN 

FORPLAN 

FORPLAN 

FORPLAN 

FORPLAN 

FORPLAN 

FORPLAN 

15% of Option 2 

Modification of other 
National Forest simulations 

213 * Option 2 + 
113 * Option 6 

National Forest simulations 

National Forest simulations 

National Forest simulations 

National Forest simulations 

Modification of another 
National Forest simulation 

National Forest simulations 

National Forest simulations 

50-11-40 simulator 

50-11-40 simulator 

2/3 * Option 2 + 
113 * Option 6 

50-11-40 simulator 

50-1 1-40 simulator 

50-11-40 simulator 

TRIM-PLUS 

Per acre production 
coefficient from Option 7 

Per acre production 
coefficient from Option 7 

Modification of Option 6 for 
removal of 50-11-40 rule 
using 21 3 of removal effect 

For a more detailed description see Appendix B. 

Each National Forest &I Region 6 developed PSQ estimates using FORPLAN, spatial data base 
analyses, or a combination of both. 
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Table 4. Some features of probable sale quantity (PSQ) modeling of FEMAT options. 

Late-Successional Riparian Reserves 
Reserves Slope/Horizontal 

Withdrawals from Withdrawals from Suitable Timber base Distance 
Option Suitable Timber Base Buffers Unstable land Inoperable PSQ Adjustments 

1 X X X X 

Timber Suitable Base 
Green Tree Special Management 
Retention Rules for 

PSQ Adjustments Adaptive Mgmt. Areas 
X 
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Table 5. Minimum widths of riparian reserves expressed as whichever slope distance is 
greatest. (In addition, riparian reserves must include the 100-year floodplain, inner gorge, 
unstable, potentially unstable areas, and riparian vegetation.) 

Riparian Applicable 
Reserve Lands 
Scenario 

Stream Category 

Fish Bearing Permanent Intermittent 
Flowing Non- 
fish Bearing 

(# of tree heightslminimum distance in feet) 

1 All lands 21300 11150 11100 

2 Tier 1 Key Watershed 2/300 11 150 11100 
Tier 2 Key Watershed 2 1 300 11150 112 I50 
and other lands 

3 All lands 21300 112 I75 116 I25 

Note: Options 1 and 4 use scenario 1, Options 2, 3,5,6, 9 and 10 use scenario 2 and Option 
8 uses scenario 3. Option 7 uses the riparian standards and guidelinesin the Forest and 
District Plans. 
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Table 6. Estimated height of Douglas-fir site-potential trees from data from the Forest Service 
and Bureau of Land Management. 

Administrative 

Oregon and Washington 

McArdle Site Class (Site Index) 

I1 m Iv v 
(180) (145) (110) (90) 

feet 

Bureau of Land 250 210 170 140 
Management 

Siuslaw National 230 190 150 -- 
Forest 

Willamette National -- 190 155 130 

Forest 

Olympic National -- * 210 170 140 
Forest 
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Table 7. Extent o f  riparian reserves using site-potential tree height to define width and quad assessment to establish density. 

Percent of Land Base Within 
Site Site Land Stream Riparian Reserves 

Administrative Class Potential Base Miles of Stream by Stream Class Density 
Unit Tree Height '000 acres MI UI IV (rni.1sq.mi.) 

National Forests - Region 6 - Oregon 
DES 5 140 1,621 403 112 1,000 0.60 
MTH 4 170 1,063 3,700 4,200 1,742 5.81 
ROR 4 170 632 860 566 2,582 4.06 
SIS 4 170 1,092 2,446 4,044 8,087 8.54 
SIU 2 250 631 1,200 2,000 4,084 7.39 

UMP 4 170 984 773 977 7,447 5.98 
WIL 4 170 1,675 1,249 2,001 11,825 5.76 
WIN 5 140 1,043 190 110 1,000 0.80 

NF - Oregon Total 8,741 10,821 14,010 37,767 

National Forests - Region 6 - Washington 
GIP 4 170 1,372 1,840 2,840 10,639 7.15 50 37 20 
MBS 4 170 1,723 807 10,720 6,727 6.78 43 39 18 
OKA 5 ' 140 1,706 321 603 11,413 4.63 24 14 6 
OLY 314 190 632 896 1,277 5,777 8.05 61 44 24 
WEN 5 140 2,164 1,768 1,795 25,245 8.52 47 35 13 

NF - Washington Total 7,597 5,632 17,235 59,801 

NF - Region 6 Total 16,338 16,453 31,245 97,568 

National Forests - Region 5 - California 
KLA 179 1,680 1,195 2,675 9,736 5.18 40 28 14 
MEN 165 894 319 1,127 11,042 8.94 55 36 13 
SXR 200 958 850 1,109 6,810 5.86 46 38 17 

SHA/I1W 190 2,121 1,900 745 16,752 5.85 45 34 16 
NF - California Total 5,653 4,264 -5,656 44,340 

National Forest Total 21,991 20,717 36,901 141,908 

Bureau of Land Management Districts - ~re~on~~al i fornia-  - 

SAL 3 210 398 776 820 2,165 6.05 55 42 29 
EUG 3 207 315 640 963 1,303 5.90 54 45 3 1 
ROS 3 194 .A19 1,028 646 2,017 5.64 55 44 33 
COO 2 226 327 556 1,695 1,254 6.86 69 58 38 

MEDILAK 4 170 919 554 1,646 5,826 5.59 37 25 13 
UKI 16 168 305 324 

BLM Total 2,394 3,722 6,075 12,889 

TotaI 24,385 24,439 42,976 154,797 

Note: The percent of land base within the riparian reserves shown is to illustrate the use of site-potential tree height combined with quad measured stream 
density. Administrative units may have developed their own GIs based estimates of riparian reserves for use in probable sale quantity (PSQ) estimation. 
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Table 8. Factors used in modifying probable sale quantity (PSQ) estimates. 

---------------------------PercentChange-----dZ - - .H---  - c - - - - - - - -  

*Additional nonriparian 
A) U c @  % J- urds;.-P3$ 

as a result of Additional Additional Additional 
Slope/Horizontal correction Riparian Inoperable acres Additional Green tree retention 

Administrative Riparian Reserve Riparian Reserve Riparian Reserve Unstable Option Options 
Unit 1 2 3 1 2 1 2and3 Lands 9 1, 2, 6, 10 

National Forests - Region 6 - Oregon 
DES 0 0 0 0 0 1 1 0.5 9 4 
MTH 4 4 3 0 0 4 3 4 13 18 
ROR 3 3 2 0 0 2 2 8 13 18 
SIS 7 7 4 3 2 10 8 6 15 20 
SIU 9 6 3 0 0 10 8 4 0 18 

UMP 5 4 2 0 0 4 3 8 10 15 
wn, 4 2 1 4 2 4 3 3 5 10 
WIN 0 0 0 0 0 1 1 0.5 10 5 

National Forests - Region 6 -, Washington 
GIP 5 4 2 2 1 6 5 5 13 18 

MBS 6 5 2 -5 -3 6 6 5 0 17 
OKA 3 2 1 0 0 5 4 2 7 7 
OLY 7 5 3 3 2 6 5 4 0 13 
WEN 4 3 1 13 7 5 4 5 13 13 

National Forests - Region 5 - California 
KLA NA** NA** NA** 0 0 7 5.5 8 -8 0 
MEN NA** NA** NA** 0 0 7 5.5 8 -7 0 
SXR NA** NA** NA** 0 0 7 5.5 4 -26 0 

SHAn"RN NA** NA** NA** 0 0 7 5.5 5 -6 0 

Bureau of Land Management Districts - Oregon 
Sustained 

District Yield Unit 
SAL COL 5 4 2 0 0 10 10 4 0 11 

CLA 3 3 2 0 0 10 10 4 0 0 
ALS 5 4 2 - 0 0 10 10 4 0 9 
SAN 3 3 2 0 0 10 10 3 0 5- 

EUG UPW 3. 3 2 0 0 10 10 3 0 6 
SIU 5 4 3 0 0 10 10 4 0 22 

ROS SOU 4 4 2 0 0 10 10 8 0 5 
DOU 4 3 2 0 0 10 10 8 '0 0 

COO SCT 4 3 2 0 0 10 10 4 0 4 

MED JOS 2 1 1 0 0 10 10 6 0 0 
JAC 2 1 1 0 0 10 10 8 0 0 

LAK KLA 2 1 1 0 0 10 10 1 0 0 

Calculated as: Proportion of slope/horizontal distance x Percent of land area in Riparian reserve 
Percent of land area in nonriparian 

** Not available. 
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Table 9. Evolution of federal sale quantities consistent with protection of the northern spotted owl. 

ForestDistrict Plans Forest/District Plans ForestDistrict Plans with 
with ISC Strategy with ISC Strategy Northern Spotted Owl 
Hamilton Report Northern Spotted Owl Recovery Plan 

Administrative (1990) FEIS (1992) (1993) 
Unit (MMBF) (MMW (MMW 

National Forests - Region 6 - Oregon - - 

DES 27 22 19 
MTH 154 138 132 
ROR 85 50 29 
SIS 119 126 
SIU 198 172 

188 
119 

UMP 273 263 149 
WIL 333 275 152 
WIN 42 45 47 

NF - Oregon Total 1231 1091 763 

National Forests - Region 6 - Washington 
GIP 189 166 135 

MBS 45 32 32 
OKA 14 14 8 
OLY 43 20 19 
WEN 83 54 36 

NF - Washington Total 374 286 230 

NF - Region 6 Total 1605 1377 994 

National Forests - Region 5 - California 
KLA 110 103 * 82 
MEN 66 25 - 23 
SXR 129 65 * 43 

SHAiTRN 92 85 90 
NF - California Total 397 278 237 

- 

National Forest Total 2002 1655 1230 

Bureau of Land Management Districts 
OregonICalifornia 

SAL 5 1 NA 71 
EUG 49 NA 53 
ROS 85 NA 56 
COO 79 NA 71 

MEDPLAK 101 NA 81 
UKI 3 NA 1 

BLM Total 368 NA 333 

Total 2370 NA 1563 

* 103 MMBF reflects the RPA alternative on the Klamath National Forest; 65 MMBF reflects the current (No-Action) alternative 
on the Six Rivers National Forest. The preferred alternative on the Klamath National Forest had a harvest level of 87 MMBF and the 
preferred alternative Six Rivers National Forest had a harvest level of 45 MMBF. At that time, both Forests proposed harvest in the 
HCAs. Since that was not permitted in the FEIS, another alternative was used. 
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Table 10. Historic federal harvests and probable sale quantities (PSQ) in the first decade by option.* 

Average Harvest Option 
1980-89 1990-92 1 2 3 4 5 6 7 8 9 10 - 

Administrative Unit - - - - - - - - - - - - - - - - - - - - - - - - - - - million board feet, Scribner - - - - - - - - - - - - - - - - - - - - - - 
National Forests - Owl Forests 

Region 6 - Owl Forests 
Washington 1019 528 16 104 112 103 151 129 230 202 155 152 
Oregon 2029 997 40 265 298 340 449 365 763 518 471 412 
Total 3048 1525 55 369 410 443 600 494 994 720 626 564 

Region 5 - Owl Forests # 

California 561 , 291 17 113 125 111 141 150 237. 222 184 198 

Bureau of Land Management - Owl Forests 
Oregon/California 915 573 41 142 150 158 189 167 413 290 240 196 

Total Owl Forests 4524 2389 113 624 686 712 931 811 1643 1232 1050 958 

* Probable sale quantities include no "other wood" estimates. To obtain "other wood" estimates, add 10%. Historic numbers are "gross" 
volumes and thus include historic levels of "other wood". Historic numbers for 1990-92 are estimates. 
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Table 11. Total acres, forested acres, acres tentatively suitable for timber production, and acres suitable for timber production by Forest and District Plans and by FEMAT option. 

Tentatively 
Administrative Tokl Forested Suitable 

Unit - - - - - - - - . 'OCICJ A~~ - - - - - - - - - - 
National Forests - Region 6 - Oregon 

DES 486 426 333 
MTH 1063 949 678 
ROR 632 561 391 
SIS 1092 1037 616 
SIU 
UMP 
WIL 1675 1504 1032 
WIN 209 200 165 

NF - Oregon Total 6772 6164 4482 

Suitable for Timber Production 
Forest Plans Option 1 Option 2 Option 3 Option 4 Option 5 Option 6 Option 7 Option 8 Option 9 Option 10 

N A* 
NA* 
N A* 
NA* 
NA* 
N A* 
NA* 
NA* 
N A* 

192 NA* 200 221 203 228 
113 NA* 183 230 193 339 
69 NA* 98 142 102 218 
75 NA* 91 110 109 402 
97 NA* 23 35 39 169 

143 NA* 261 338 312 466 
211 NA* 249 390 322 536 
67 NA* 30 49 73 96 

968 NA* 1134 1513 1352 2454 

N A* 184 
NA* 215 
NA* 139 
N A* 104 
NA* 33 
N A* 266 
N A* 43 1 
NA* 100 
N A* 1473 

National Forests - Region 6 - Washington 
GIP 1372 1162 947 676 NA* 142 NA* 142 248 209 388 NA* 299 209 
MBS 1723 1301 597 423 NA* 48 NA* 69 80 108 178 NA* 65 108 
OKA 648 565 267 208 NA* 67 NA* 98 146 110 190 NA* 85 110 
OLY 632 584 447 352 NA* 60 NA* 48 62 69 159 NA* 65 69 
WEN 2164 1451 792 576 NA* 141 NA* 194 226 255 277 NA* 290 255 

NF - Washington Total 6539 5063 3050 2235 NA* 458 NA* 551 762 752 1192 NA* 803 752 

NF - Redon 6 Total 13311 11227 7532 5607 NA* 1426 NA* 1685 2276 2104 3646 NA* 2276 2132 

National Forests - Region 5 - California 
KLA 1680 1406 950 595 150 425 NA* 372 437 493 594 NA* 395 429 
MEN 894 621 343 151 16 72 NA* 82 115 105 151 NA* 99 98 

+ SXR 958 .676 434 244 45 77 NA* 105 134 125 244 NA* 123 127 
SHAjTRN 2001 1655 1078 528 125 368 NA* 301 394 386 529 NA* 396 373 

NF - California Total 5533 4358 2805 1518 336 942 NA* , 860 1080 1109 1518 NA* 1013 1027 

National Forest Total 18844 15585 10337 7125 NA* 2368 NA* 2545 3356 3213 5164 N A* 3288 3159 

Bureau of Land Management Districts - Oregon/California 
District Sustained Yield Unit 

SAL COL 112 107 95 
CLA 72 68 50 
ALS 121 116 107 
SAN 93 86 76 

Salem Total 398 377 327 
EUG UP W 154 147 141 

SIU 161 155 145 
EugeneTotal 315 302 286 

ROS SOU 109 105 97 
DOU 310 291 274 

Roseburg Total 419 396 371 
COO SCT 327 308 273 

Coos Bay Total 327 308 273 
MEDLAK JOS 429 402 288 

JAC 395 347 239 
KLA 96 87 71 

Medford Total 920 836 599 
BLM Total 2379 2219 1855 

30 NA* 
16 NA* 
17 NA* 
19 NA* 
82 NA* 
52 NA* 
30 NA* 
82 NA* 
28 NA* 
75 NA* 

103 NA* 
109 NA* 
109 NA* 
124 NA* 
123 NA* 
23 NA* 

269 NA* 
645 NA* 

Total 21223 17804 12192 ,8192 NA* 3013 NA* 3154 4125 3971 6232 NA* 4092 3899 
* See Table 3. - Description of approaches taken to estimate PSQ in different options. 
Note: Tentatively suitable = Total forested -forest in Wilderness, unstable forest, and unproductive forest. Suitable = Portion of the tenatively suitable in land use allocations that allow harvest. 
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I Table 12. Probable sale quantities (PSQ) in millions of board feet (MMBF) by FEMAT option. 

Administrative Option 1 Option 2 Option 3 Option 4 Option 5 Option 6 Option 7 Option 8 Option 9 Option 10 
Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  MMBF - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

National Forests - Region 6 - Oregon 
DES 2 13 14 14 ' 15 14 19 18 18 a 18 
M'I'H 7 45 SO 68 85 59 132 77 72 59 
ROR 1 5 6 11 16 10 29 3 1 3 1 25 
SIS 3 20 22 27 34 27 118 41 27 27 
SIU 3 21 23 19 29 27 119 38 29 27 
UMP 10 66 75 89 108 92 149 125 95 98 
WIL 10 64 77 88 129 104 152 147 161 120 
WIN 5 32 32 23 33 33 47 40 39 39 

NF - Oregon Total 40 265 298 340 449 365 763 518 471 412 

National Forests - Region 6 - Washington 
GIP 9 58 62 58 94 71 135 97 86 72 
MBS 2 10 12 12 15 16 32 24 13 19 
OKA 1 5 5 5 6 6 8 10 7 9 
OLY 1 8 8 7 9 9 19 15 13 12 
WEN 4 23 25 22 28 28 36 57 35 41 

NF - Washington Total 16 104 112 103 151 129 230 202 155 152 

National Forests - Region 5 - California 
KLA 7 39 44 38 50 55 82 102 74 92 
MEN 0 12 12 11 13 13 23 21 19 19 
SXR 6 12 15 19 23 19 43 24 24 21 

SHA/TRN 4 50 54 43 55 63 90 75 67 67 
NF - California Total 17 113 125 111 141 150 237 222 184 198 

I National Forest Total 72 482 535 554 742 644 1230 942 810 762 

Bureau of Land Management Districts - Oregon 
District Sustained Yield Unit 

SAL COL 4 9 
CLA 1 5 
ALS 1 3 
SAN 1 6 

Salem T&l 8 23 
EUG UPW 10 18 

SIU 6 9 
Eugene Total 16 27 

ROS SOU 1 5 
DOU 3 14 

Roseburg Total 4 19 
COO SCT 12 41 

Coos Bay Total 12 41 
MED/LAK JOS 0 14 

JAC 0 15 
KLA 0 3 

Medford Total 1 32 

Total 113 624 686 712 931 811 1643 1232 1050 958 
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Table 13. Probable sale quantities (PSQ) in millions of cubic feet (MMCF) by FEMAT option. 

Administrative Option 1 Option 2 Option 3 Option 4 Option 5 Option 6 Option 7 Option 8 Option 9 Option 10 
Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  MMCF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

National Forests - Region 6 - Oregon 
DES 0 2 2 3 3 3 3 3 3 3 
MTH 1 8 9 12 15 10 23 14 13 10 
ROR 0 1 1 2 3 2 5 6 6 5 
SIS 1 4 4 5 6 5 22 8 5 5 
SIU 1 4 5 4 6 5 24 8 6 5 
UMP 2 12 14 16 19 16 27 22 17 18 
WIL 2 13 16 18 24 21 28 29 31 24 
WIN 1 5 5 4 6 5 8 6 6 6 

NF - Oregon Total 7 ' 50 55 63 82 67 140 96 87 76 

National Forests - Region 6 - Washington 
GIP 2 11 12 11 17 13 24 18 16 13 
MBS 0 2 3 2 3 3 7 5 3 4 
OKA 0 1 1 1 1 1 2 2 1 2 
OLY 0 2 2 1 2 2 4 3 3 2 
WEN 1 4 5 4 5 5 7 10 6 7 

NF - Washington Total 3 20 22 19 28 24 43 38 29 29 

NF - Region 6 Total 10 70 77 83 110 92 183 134 116 104 

National Forests - Region 5 - California 
KLA 1 6 7 6 8 8 12 16 11 14 
MEN 0 2 2 2 2 2 4 3 3 3 
SXR 1 2 2 3 3 3 6 4 4 3 

SHA/TRN 1 8 8 7 9 10 14 12 10 10 
NF - California Total 3 17 19 17 22 23 36 34 29 30 

' National Forest Total 13 87 % 100 132 114 219 168 144 135 

Bureau of Land Management Districts - Oregon 
District Sustained Yield Unit 
SAL COL 1 2 2 2 2 2 5 3 2 2 

CLA 0 1 1 1 2 1 2 2 2 2 
ALS 0 1 1 1 1 1 3 .  3 2 1 
SAN 0 1 1 1 2 1 4 3 2 2 

Salem Total 2 5 -5 5 7 6 14 10 8 7 
EUG @W 2 4 4 5 6 5 7 8 6 6 

SIU 1 2 2 2 2 2 4 2 2 2 
Eugene Total 3 6 6 6 8 7 11 11 8 8 

ROS SOU 0 1 1 1 2 1 3 2 2 .. 1 
DOU 1 3 3 4 5 4 8 8 7 4 

Roseburg Total 1 4 4 5 6 5 11 11 9 6 
COO SCT 3 8 8 9 9 8 14 13 10 10 

Coos Bay Total 3 8 8 9 9 8 14 13 10 10 
MEDLAK JOS 0 3 3 3 3 3 8 6 5 3 

JAC 0 3 3 4 4 4 8 6 6 4 
KLA 0 1 1 1 1 1 2 1 1 1 

Medford Total 0 7 7 7 9 8 18 13 13 8 
BLM Total 9 30 31 32 38 34 67 58 48 39 

Total 22 117 127 131 170 148 286 226 193 174 
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Table 14. Probable sale quantities (PSQ) per suitable acre per year in board feet (BF) by FEMAT option. 

Administrative Option 1 Option 2 Option 3 Option 4 Option 5 Option 6 Option 7 Option 8 Option 9 Option 10 

DES NA* 
MTH NA* 
ROR NA* 
SIS N A* 
SIU NA* 

UMP N A* 
WIL NA* 
WIN 4 N A* 

National Forests - Region 6 - Washington 
GIP NA* 
MBS NA* 
OKA NA* 
OLY NA* 
WEN NA* 

National Forests - Region 5 - California 
KLA 47 
MEN 13 
SXR 131 

S m N  29 

Bureau of Land Management Districts - Oregon 
District Sustained Yield Unit 

SAL COL 163 302 
CLA 144 315 
ALS 101 166 
SAN 102 327 

EUG UPW 247 351 
SIU 246 298 

ROS SOU 74 174 
DOU 79 189 

COO SCT 186 374 
MEDILAK JOS 8 112 

JAC 4 121 

N A* 
NA* 
NA* 
NA* 
N A* 
NA* 
NA* 
NA* 

NA* 
NA* 
NA* 
NA* 
NA* 

NA* 
NA* 
NA* 
NA* 

NA* 
NA* 
NA* 
NA* 
NA* 
NA* 
N A* 
NA* 
NA* 
NA* 
NA* 
NA* 

NA* 
NA* 
NA* 
NA* 
NA* 
NA* 
NA* 
NA* 

NA* 
NA* 
NA* 
NA* 
NA* 

213 
189 
166 
180 

371 
502 
724 
515 
686 
376 
283 
379 
560 
204 
'I 86 

KLA 29 144 150 149 142 155 154 133 144 . 

* See Table 3. - Description of approaches taken to estimate PSQ in different options. 
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Table 15. Probable sale quantities (PSQ) per suitable acre per year in cubic feet (CF) by FEMAT option. 

Administrative Option 1 Option 2 Option 3 Option 4 Option 5 Option 6 Option 7 Option 8 Option 9 Option 10 
Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m/AJYr - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

National Forests - Region 6 - Oregon 
DES 

. - 
NA* 

MTH 
ROR 
SIS 
SIU 

UMP 
WIL 
WIN 

NA* 
NA* 
N A* 
NA* 
NA* 
N A* 
NA* 

National Forests - Region 6 - Washington 
GIP NA* 
MBS NA* 
OKA N A* 
OLY NA* 
WEN N A* 

National Forests - Region 5 - California 
KLA 7 
MEN 0 
SXR 20 

SHAA'RN 5 

Bureau of Land Management Districts - Oregon 
District Sustained Yield Unit 
SAL COL 33 63 

CLA 30 64 
ALS 21 36 
SAN - 22 72 

EUG UPW 52 76 
SIU 52 65 

ROS SOU 17 38 
DOU 17 42 

COO SGT 39 77 
M E D M  JOS 2 24 

JAC 1 26 

NA* 
NA* 
NA* 
NA* 
NA* 
NA* 
NA* 
N A* 

NA* 
NA* 
NA* 
NA* 
NA* 

NA* 
NA* 
NA* 
N A* 

NA* 
NA* 
NA* 
NA* 
NA* 
NA* 
N A* 
NA* 
NA* 
NA* 
NA* 

NA* 
NA* 
NA* 
NA* 
NA* 
NA* 
NA* 
N A* 

NA* 
NA* 
NA* 
NA* 
N A* 

32 
30 
25 
28 

72 
97 

145 
102 
139 
77 
57 
78 

110 
42 
38 

KLA 6 30 NA* 3 1 31 30 36 32 - - 

See Table 3. - Description of approaches taken to estimate PSQ in different options. 
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I Table 16. Timber suitable acres and matrix acres for Options 4,7, and 9.* 

Suitable Timber Production Acres Matrix Acres Percentage of Suitable Acreswatrix Acres 
Administrative AMA OTHER TOTAL AMA OTHER TOTAL AMA OTHER TOTAL 

Unit Option 4 Option 7 Option 9 Option 9 Option 9 Option 4 Option 7 Option 9 Option 9 Option 9 Option 4 Option 7 Option 9 Option 9 Option 9 
Acres Acres Acres Acres Acres Acres Acres Acres Acres Acres Percent Percent Percent Percent Percent 

National Forests - Region 6 - Oregon 
DES 202 228 0 186 186 165 251 0 181 181 1.22 0.91 0.00 1.03 1.03 
MTH 
ROR 
SIS 
SIU 

UMP 
WIL 
WIN 

NF - Oregon Total 

National Forests - Region 6 - Washington 
GIP 142 388 62 239 301 162 402 100 231 331 0.88 0.96 0.62 1.04 0.91 

MBS 59 178 10 47 57 133 23 1 86 163 249 0.44 0.77 0.12 0.29 0.23 
OKA 99 190 0 86 86 161 279 0 125 125 0.61 0.68 0.00 0.68 0.68 
OLY 47 159 65 0 65 60 167 137 0 137 0.79 0.95 0.47 0.00 0.47 
WEN 23 1 277 47 279 326 317 488 64 382 446 0.73 0.57 0.73 0.73 0.73 

NF -Washington Total 578 1,192 184 651 835 832 1,566 388 901 1,289 

vl NF - Region 6 Total 1,693 "3,646 381 1,918 2,298 2,256 4,691 757 2,564 3,321 
bb 

National Forests - Region 5 - California 
KLA 372 594 135 260 395 277 512 141 238 379 1.34 1.16 0.96 1.09 1.04 
MEN 82 151 0 99 99 176 351 0 227 227 0.47 0.43 0.00 0.44 0.44 
SXR 105 244 25 98 123 168 375 86 147 233 0.63 0.65 0.29 0.67 0.53 

SHA/TRN 301 529 118 278 396 525 918 246 449 695 0.57 0.58 0.48 0.62 0.57 
NF - California Total 860 1,518 278 735 1,013 1,145 2,157 473 1,061 1,534 

National Forest Total 2,553 5,164 659 2,653 3,311 3,401 6,848 1,230 3,625 4,855 
4 

Bureau of Land Management Districts - OregodCalifornia 
District 

Salem 
Eugene 
Roseburg 
Coos Bay 
Medford 
Ukiah 
BLM Total 

Total 3,131 6,232 757 3329 4,086 4,246 8,353 1,521 4,717 6,238 0.74 0.75 0.50 0.71 0.65 

* Prior to adjustments for slope distance for riparian reserves and inoperable lands (Nation Forests in Region 6 and BLM) 
Note: Timber suitable acres and matrix acres are calculated using different approaches. Thenfore, some anomalies occasionally result such as suitable acres greater than matrix acres. . - 
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Table 17a. Acres allocation for the seedlinglsapling sera1 stage in Options 4,7, and 9. 

Matrix Acres ('000) Suitable Acres ('000) 
Administrative Option Option Option 9 Option Option Option 9 

Unit Total 4 7 AMA Other Total Total 4 7 AMA Other Total 
National Forests - Region 6 - Oregon 

DES 58 26 3 1 0 28 28 58 32 29 0 29 29 
MTH 165 63 76 0 72 72 165 45 51 0 46 46 
ROR 78 26 35 15 20 34 78 20 33 16 9 24 
SIS 244 35 76 2 44 46 244 28 69 1 3 1 3 1 
SIU 42 6 10 10 3 13 42 2 7 1 1 3 

UMP 222 81 96 23 62 86 222 79 75 12 55 70 . 
WIL 357 128 162 41 140 181 357 89 125 23 107 131 
WIN 14 7 9 0 8 8 14 2 6 0 8 8 

NF - Oregon Total 
1179 373 495 90 378 468 1179 297 394 52 285 341 

National Forests - Region 6 - Washington 
GIP 263 48 65 26 64 90 263 42 63 16 66 82 
MBS 268 32 39 25 35 60 268 14 30 3 10 14 
OKA 135 29 36 0 24 24 135 18 25 0 17 17 
OLY 135 24 33 41 0 41 135 19 3 1 19 0 19 
WEN 169 41 42 10 42 52 169 30 24 7 3 1 38 

NF - Washington Total 
970 174 215 102 165 267 970 123 173 46 124 170 

NF - Region 6 Total 
2149 546 711 193 543 735 2149 419 567 98 409 511 

National Forests - Region 5 - California 
KLA 175 66 69 20 53 73 175 89 80 19 58 76 
MEN 58 15 16 0 15 15 58 7 7 0 7 7 
SXR 70 14 20 7 10 17 70 9- 13 2 7 9 

SHAiTRN 267 45 48 17 33 50 267 26 28 8 21 28 
NF - California Total 

569 140 153 43 112 155 569 130 127 29 92 120 

National Forest Total - 

2719 686 863 236 654 890 2719 550 695 127 SO1 631 

Bureau of Land Management Districts - Oregon/California 
SAL 146 33 43 45 30 75 146 30 43 8 27 35 
EUG 153 49 63 3 64 67 153 47 58 2 57 56 
ROS 153 56 66 10 63 72 153 52 56 5 50 56 
COO 139 50 55 0 54 54 139 45 49 0 43 43 

M E D M  165 94 102 21 85 106 165 63 66 11 47 58 
UKI 3 0 0 0 0 0 3 0 ' 0 0 0 0 

BLM Total 
759 283 330 79 296 374 759 236 272 26 224 248 

Total 3477 969 1194 315 950 1265 3477 785 967 153 725 879 
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Table 17b. Acres allocation for the small conifer multistory sera1 stage in Options 4,7, and 9. 

Matrix Acres ('000) Suitable Acres ('000) 
Administrative Option Option Option 9 Option Option Option 9 

Unit Total 4 7 AMA Other Total Total 4 7 AMA Other Total 
National Forests - Region 6 - Oregon 

DES 441 100 133 0 104 104 441 123 120 0 106 106 
W H  509 134 169 0 156 156 509 94 113 0 99 99 
ROR 269 73 101 38 62 101 269 56 95 41 29 71 
SIS 384 40 82 6 5 1 56 384 32 75 2 35 38 
SIU 380 50 93 28 36 63 380 15 62 3 15 13 

UMP 273 88 102 9 86 94 273 86 79 4 76 77 
WIL 321 67 78 14 77 91 321 46 61 8 58 66 
WIN 186 65 83 0 70 70 186 21 53 0 66 66 

NF - Oregon Total 
2763 616 841 95 641 735 2763 473 658 59 485 536 

National Forests - Region 6 - Washington 
GIP 487 75 98 38 90 128 487 66 94 24 93 117 
MBS 371 50 63 20 60 80 371 22 49 2 17 18 
OKA 241 3 1 57 0 18 18 241 19 39 0 12 12 
OLY 252 33 45 77 0 77 252 26 43 36 0 36 
WEN 503 83 89 5 95 100 503 60 50 3 70 73 

NF - Washington Total 
1853 272 352 140 263 403 1853 194 275 66 193 257 

NF - Region 6 Total 
4616 888 1193 235 904 1139 4616 667 933 125 677 793 

National Forests - Region 5 - California 
KLA 11 1 1 0 1 1 11 2 2 0 1 1 
MEN 47 16 17 0 17 17 47 8 7 0 7 7 
SXR 4 0 0 0 0 0 4 0 0 0 0 0 

s m  101 34 38 9 26 36 101 19 - 22 4 16 20 
NF - Catifornia Total 

163 51 56 9 44 53 163 29 31 4 25 29 

National Forest Total 

Bureau of Land Management Districts - Oregon/California 
SAL 123 35 44 36 27 63 123 3 1 44 7 24 30 
EUG 66 26 32 4 30 34 66 24 29 2 27 28 
ROS 40 12 16 2 16 17 40 11 13 1 13 13 
COO 35 17 18 0 18 18 35 15 15 0 14 14 

M E D M  155 87 99 41 70 111 155 58 64 22 39 61 
UKI 3 0 0 0 0 0 3 0 0 0 0 0 

BLM Total 
422 177 207 82 160 242 422 141 166 31 116 146 

Total 5201 1116 1457 326 1108 1434 5201 836 1130 160 818 968 
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Table 17c. Acres allocation for the medium conifer single-story sera1 stage in Options 4,7, and 9. 

Matrix Acres ('000) Suitable Acres ('000) 
Administrative Option Option Option 9 Option Option Option 9 

Unit Total 4 7 AMA Other Total Total 4 7 AMA Other Total 
National Forests - Region 6 - Oregon 
DES 2 0 0 0 0 0 2 0 0 0 0 0 
MTH 206 50 66 0 53 53 206 36 44 0 34 34 
ROR 41 7 10 2 9 11 41 5 10 2 4 8 
SIS 24 3 7 0 4 4 24 3 7 0 3 3 
SIU 76 4 14 20 2 21 76 1 9 2 1 4 

UMP 76 21 27 3 22 25 76 20 21 2 19 20 
WIL 319 70 97 29 78 106 319 48 75 16 59 77 
WIN 3 1 1 0 1 1 3 0 1 0' 1 1 

NF - Oregon Total 
747 155 223 54 168 222 747 113 167 22 121 147 

National Forests - Region 6 - Washington 
GIP 226 26 36 20 32 52 226 23 35 13 33 47 
MBS 217 13 17 7 ' 18 25 217 6 13 1 5 6 
OKA 102 17 21 0 12 12 102 10 14 0 8 8 
OLY 25 1 3 3 0 3 25 1 2 1 0 1 
WEN 138 19 20 9 . 2 2  3 1 138 13 11 6 16 22 

NF - Washington Total 
708 75 96 38 84 122 708 53 75 21 63 85 

NF - Region 6 Total 
1455 230 319 92 252 344 1455 166 242 43 183 232 

National Forests - Region 5 - California 
KLA 1. 0 0 0 0 0 ' 1 0 0 0 0 0 
MEN 85 20 21 0 21 21 85 9 9 0 9 9 
S X R  190 41 56 26 28 53 190 25 36 7 18 28 

S m  499 127 139 64 82 145 499 73 80 3 1 51 -83 
NF - California Total 

775 188 217 89 130 220 775 108 126 38 78 120 

National Eorest Total 
2230 418 535 181 382 563 2230 274 368 81 261 352 

Bureau of Land Management Districts - Oregon/Califomia 
SAL 50 3 9 11 5 16 50 3 9 2 4 8 
EUG 52 4 10 7 8 15 52 3 9 3 7 13 
ROS 93 22 33 4 31 35 93 20 28 2 25 27 
COO 69 18'  23 ' 0  21 21 69 16 20 0 17 17 

MED/LAK 89 34 42 5 34 40 89 22 28 3 19 22 
UKI 22 1 1 0 1 1 22 0 0 0 0 0 

BLM Total 
374 82 118 28 100 128 374 65 94 10 72 86 

Total 2604 500 654 209 482 691 2604 340 462 92 333 438 
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Table 17d. Acres allocation for the medium conifer multistory seral stage in Options 4,7, and 9. 

Matrix Acres ('000) Suitable Acres ('000) 
Administrative Option Option Option 9 Option Option Option 9 

Unit Total 4 7 AMA Other Total Total 4 7 AMA Other Total 
National Forests - Region 6 - Oregon 
DES 0 0 0 0 0 0 0 0 0 0 0 0 
MTI-I 1 0 0 0 0 0 1 0 0 0 0 0 
ROR 1 0 0 0 0 0 1 0 0 0 . O  0 
SIS 1 0 0 0 0 0 1 0 0 0 0 0 
SIU 3 0 0 0 0 0 3 0 0 0 0 0 

UMP 5 1 2 1 0 1 5 1 1 0 0 1 
WIL 7 2 3 0 3 3 7 1 2 0 2 2 
WIN 0 0 0 0 0 0 0 0 0 0 0 0 

NF - Oregon Total 
17 4 6 1 4 5 17 3 4 1 3 3 

National Forests - Region 6 - Washington 
GIP 6 0 0 0 0 1 6 0 0 0 0 1 
MBS 30 2 3 0 2 2 30 1 2 0 1 1 
OKA 32 1 1 0 0 0 32 0 1 0 0 0 
OLY 0 0 0 0 0 0 0 0 0 0 0 0 
WEN 24 2 2 1 2 2 24 1 1 0 1 2 

NF - Washington Total 
92 5 6 1 4 6 92 3 4 1 2 3 

NF - Region 6 Total 
110 8 12 3 8 11 110 6 9 2 5 7 

National Forests - Region 5 - California 
KLA 643 174 181 109 ' 108 217 643 233 210 104 118 226 
MEN 0 0 0 0 0 0 0 0 0 0 0 0 
SXR 0 0 0 0 0 0 0 0 0 0 0 0 

SHA/TRN 0 0 0 0 0 0 0 0 0 0 0 0 
NF - California Total 

643 174 181 109 108 217 643 233 210 104 118 226 

National Forest Total 
- 752 182 193 111 116 227 752 239 218 105 123 - 232 

Bureau of Land Management Districts - OregodCalifornia 
SAL 25 3 6 7 3 10 25 3 6 1 3 5 
EUG 17 1 3 0 2 2 17 1 3 0 2 2 
ROS 84 18 28 2 29 31 84 16 24 1 24 24 
COO 29 '7  9 0 8 8 29 7 ' 8  0 7 7 

MEDILAK 249 107 130 20 118 137 249 72 85 10 65 75 
UKI 0 0 0 0 0 0 0 0 0 0 0 0 

BLM Total 
404 137 177 29 161 190 404 99 126 l3 100 113 

Total 1157 319 370 140 277 417 1157 338 344 118 223 345 
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Table 17e. Acres allocation for the large conifer single-story seral stage in Options 4,7, and 9. 

Matrix Acres ('000) Suitable Acres ('000) 
Administrative Option Option Option 9 Option Option Option 9 

Unit Total 4 7 AMA Other Total Total 4 7 AMA Other Total 
National Forests - Region 6 - Oregon 

DES 121 25 36 0 28 28 121 31 33 0 28 28 
MTH 30 6 8 0 8 8 30 4 5 0 5 5 
ROR 65 8 13 8 5 13 65 6 12 9 2 9 
SIS 41 4 8 1 5 6 41 3 8 1 3 4 
SIU 0 0 0 0 0 0 0 0 0 0 0 0 
UMP 118 35 42 7 32 39 118 34 33 4 28 32 
WIL 76 8 11 1 10 10 76 6 8 0 7 7 
WIN 39 11 14 0 12 12 39 4 9 0 11 11 

NF - Oregon Total 
491 97 131 18 98 115 491 87 107 14 85 97 

National Forests - Region 6 - Washington 
GIP 74 8 12 4 9 14 74 7 11 3 10 12 
MBS 105 3 7 0 5 5 105 1 5 0 2 1 
OKA 22 4 5 0 3 3 22 2 3 0 2 2 
OLY 4 0 0 0 0 0 4 0 0 0 0 0 
WEN 239 35 39 2 43 46 . 239 25 22 2 32 33 

NF - Washington Total 
445 49 62 7 60 67 445 36 42 4 45 49 

NF - Region 6 Total 
936 146 193 24 158 182 936 123 149 18 130 145 

National Forests - Region 5 - California 
KLA 2 0 0 0 0 0 2 0 0 0 0 0 
MEN 156 24 26 0 26 26 156 11 11 0 11 11 
SXR 1 0 0 0 0 0 1 0 0 0 0 0 

SHAA'RN 201 18 3 1 10 13 22 201 10 18 5 8 13 
NF - California Total 

359 42 57 10 38 48 359 22 29 5 19 24 

National Forest Total - 

1295 188 250 34 197 231 1295 145 178 23 149 170 

Bureau of Land Management Districts - OregonKalifornia 
SAL 1 0 0 0 0 0 1 0 0 0 0 0 
EUG 0 0 0 0 0 0 0 0 0 0 0 0 
ROS 0 0 0 0 0 0 0 0 0 0 0 0 
COO 6 1 1 0 1 1 6 1 1 0 1 1 

MEDILAK 3 1 1 0 1 1 3 0 1 0 0 1 
UKI 0 0 0 0 0 0 0 0 0 0 0 0 

BLM Total 
10 1 2 0 2 2 10 1 2 0 1 1 

Total 1305 190 252 34 198 233 1305 146 180 23 150 171 
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Table 17f. Acres allocation for the large conifer multistory seral stage in Options 4'7, and 9. 

Matrix Acres ('000) Suitable Acres ('000) 
Administrative Option Option Option 9 Option Option Option 9 

Unit Total 4 ' 7 AMA Other Total Total 4 7 A M .  Other Total 
National Forests - Region 6 - Oregon 

DES 20 2 3 0 2 2 20 2 3 0 2 2 
II4TI-I 68 6 10 0 8 8 68 4 7 0 5 5 
ROR 80 10 16 9 6 15 80 7 15 10 3 11 
SIS 242 18 54 0 27 28 242 14 50 0 19 19 
SIU 36 2 4 6 1 6 36 0 3 1 0 1 

UMP 241 59 83 18 42 60 241 57 65 9 37 49 
WIL 465 107 161 24 144 168 465 74 125 14 110 122 
WIN 27 2 5 0 3 3 27 1 3 0 3 3 

NF - Oregon Total 
1178 205 337 57 233 290 1178 161 270 34 179 .211 

National Forests - Region 6 - Washington 
GIP 87 8 14 6 10 16 87 7 13 3 10 14 

MBS 309 12 20 23 12 35 309 5 16 3 4 8 
OKA 52 2 3 0 2 2 52 1 2 0 1 1 
OLY 134 2 8 5 0 5 134 2 8 2 0 2 
WEN 307 22 27 14 29 44 307 16 15 10 21 32 

NF - Washington Total 
888 47 72 48 53 101 888 32 54 19 36 57 

NF - Region 6 Total 
2067 252 409 105 286 391 2067 193 324 52 215 268 

National Forests - Region 5 - California 
KL A 408 6 1 70 7 57 63 408 81 8 1 6 62 66 
MEN 32 6 6 0 6 6 32 3 3 0 3 3 
SXR 388 56 95 29 47 77 388 35 62 9 3 1 40 

SHAfrRN 40 0 0 0 0 0 40 0 0 0 0 0 
NF - California Total 

867 122 170 36 110 146 867 119 145 15 96 109 

National Forest Total 
2934 374 579 141 3% 537 0 2934 312 469 67 311 377 

Bureau of Land Management Districts - OregodCalifornia 
SAL 5 0 1 0 0 1 5 0 1 0 0 0 
EUG 0 0 ' 0. 0 0 0 0 0 0 0 0 0 
ROS 1 0 0 0 0 0 1 0 0 0 0 0 
COO 11 1 1 0 1 1 11 1 1 0 1 1 

MED/LAK 11 4 5 1 5 5 11 3 3 0 3 3 
UKI 0 0 0 0 0 0 0 0 0 0 0 0 

BLM Total 
28 5 7 1 7 8 28 4 5 0 4 4 

Total 2961 379 586 142 402 544 0 2961 315 474 67 315 382 

03539
AFRC Comments 

Attachment B - Pg. 66



Table 18. Allocation of Adaptive Management Areas. 

Suitable in Tier 1 
AMA Administrative Total Suitable Key Watersheds 

Unit '000 Acres '000 Acres '000 Acres 
Applegate 269 

Rogue River NF 83 21 
Siskiyou NF 4 0 
Medford BLM 60 0 

Blue River 153 
Willamette NF 65 9 
Eugene BLM 7 4 

Cispus 143 
Gifford Pinchot NF 62 0 

Finney 101 
Mt. Baker Snoqualmie NF 6 * 3 * 

Goosenest 170 
Klamath NF 135 0 

Hayfork 400 
Shasta-Trinity NF 118 0 
Six Rivers NF - 25 15"  - 
Ukiah BLM 10 * 0 

Little River 84 
, --- Umpqua NF 33 0 

Roseburg BLM 10 0 
North Coast 247 

Siuslaw NF 12 1 
Salem BLM 2 1 3 

Olympic - 

Snoqualmie Pass 
Olympic NF 

Mt. Baker Snoqualmie NF 
Wenatchee NF 

Total 1973 766 * 64 * 
* Approximate 
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Table 19. Probable sale quantity (PSQ) for roadless areas in Option 9. 

Total Suitable* 
Roadless for Timber MMBFI 

Administrative Area Production Suitable MMBF/ 
Unit Acres 

National Forests - Region 6 - Oregon - 

DES 
MTH 
ROR 
SIS 
SIU 

UMP 
WIL 
WIN 

NF - Oregon Total 

Acres 

15,407 
10,302 
10,302 
20,339 
5,250 

13,997 
14,834 
1,987 

92,417 

Acre 

0.095 
0.338 
0.222 
0.256 
0.858 
0.359 
0.371 
0.386 

Yr. 

National Forests - Region 6 - Washington 
GIP 209,907 47,873 0.284 13,610 

MBS 384,533 16,501 0.210 3,465 
OKA 271,341 7,665 0.079 603 
OLY 92,084 5,839 0.202 1,177 
WEN 530,255 61,921 0.122 7,554 

NF - Washington Total 1,488,120 139,799 26,409 

NF - Re g~ 'on 6 Total 2 , 3 6 4 4  

National Forests - Region 5 - California 
KLA - 253,900 41,157 0.186 7,658 
MEN 44,268 1,052 0.194 204 
SXR 194,235 18,650 0.133 2,487 

S m  162,533 25,078 0.170 4,262 
NF - Region 5 Total 654,936 85,938 - 14,611 

Total 3,019,035 318,153 69,242 

* Timber suitable acres shown here are less than timber suitable acres shown in the FEMAT Report, 
Table V-9, due to removal of riparian reserves. 
Note: Bureau of Land Management administered lands contain no roadless areas. Roadless areas are 
not included on the Shasta portion of the Shasta-Trinity National Forest. 
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Table 20. Range of probable sale quantity (PSQ) estimates for each National Forest in Region 5 given different 
approaches to 180-year rotations. 

PSQ Estimates MMBF 
I I I 

Total 

- 
Land Base Geographic 

Definition for Area 
Control 

Stand Method Rotation Control Klamath Shasta- 
Trinity 

Mendocino 

Timber 
Suitable 

Six 
Rivers 

Timber 
Suitable 

plus Lands 
Outside 
LSIOG 

Reserves 
and 

Wilderness 

Forest- 
wide 

Water- 
shed* 

Most Average 
Efficient 

I 

Area 
Control 

Minimum 
Regeneration 

Rotation 

Minimum 
Exist and 1 

Regeneration 
Rotation 

I x l  

' Approximate 

NOTE: Option 9 without special harvest restrictions = 257 MMBF 
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Table 21. Acres suitable for timber production and probable sale quantity (PSQ) for variations on the SAT Report. 

Original Marbled Murrelet Original Marbled Murrelet Revised Marbled Murrelet Revised Marbled Murrelet 
Full SAT Buffer Half SAT Buffer Full SAT Buffer Half SAT Buffer* 

(Option 5) 
Administrative' Suitable PSQ Suitable PSQ Suitable PSQ Suitable PSQ 

Unit '000 Acres MMBF '000Acres MMBF '000 Acres MMBF '000Acres MMBF 
National Forests - Region 6 - Oregon 

DES 221 15 221 15 221 15 221 15 
MTH 228 83 231 85 228 83 230 85 
ROR 106 12 146 16 106 12 142 16 
SIS 107 15 122 18 98 30 110 34 
SIU 29 14 42 19 23 19 35 29 

UMP 314 99 346 110 314 99 338 108 
WIL 349 127 396 130 349 127 390 129 
WIN 49 33 49 33 49 33 49 33 

NF - Oregon Total 1403 399 1553 427 1388 419 1513 449 

National Forests - Region 6 - Washington 
GIP 193 77 259 97 192 77 248 94 

MBS 38 7 42 8 78 14 80 15 
O K .  128 5 149 6 128 5 146 6 
OLY 49 4 66 6 48 7 62 9 
WEN 209 25 232 28 209 25 226 28 

NF -Washington Total 616 119 748 145 654 128 762 151 

NF - Region 6 Total 201.9 518 2301 572 2042 548 2276 600 

National Forests - Region 5 - California 
KLA 358 30 404 37 386 42 437 50 
MEN 88 12 116 13 88 12 115 13 
SXR 63 9 78 10 109 21 134 23 

S W N  337 48 392 55 322 48 394 55 
846 99 990 115 905 123 1080 141 NF - California Total 

National Forest Total 2865 617 3291 687 2947 671 3356 742 

Bureau of Land Management Districts - Oregon 
Sustained 

District Yield Unit 
SAL COL 25 6 

CLA 19 9 
ALS 14 2 
SAN n 10 

Salem Total 84 27 
EUG UPW 56 26 

SIU 40 9 
Eugene Total 97 35 

ROS SOU 41 9 
DOU 74 14 

Roseburg Total 114 22 
COO S(ST 67 3 

Coos Bay Total 67 3 
MEDILAK JOS 112 14 

JAC 137 18 
KLA 35 5 

Medford Total 283 38 

BLM Total 646 126 742 139 680 178 770 189 

Total 3511 743 4033 826 3627 848 4125 931 

* Includes Full SAT in Key Watersheds. 
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Table 22. Suitable acres and board foot probable sale quantity (PSQ) for Option 9 with 
and without Tier 1 Key Watersheds in the timber suitable base. 

With Tier 1 Without Tier 1 
Key Watersheds Key Watersheds 

Administrative Suitable PSQ Suitable PSQ 
Unit '000 Acres MMBF '000 Acres MMBF 

National Forests - Region 6 - Oregon 
DES 184 18 184 1s 
MTH . 215 72 157 52 

ROR 139 31 122 28 
104 27 74 18 SIS 

SIU 33 29 31 27 

UMP 266 95 206 81 

WIL 431 161 392 142 

WIN 100 39 100 39 

NF' - Oregon Total 1473 471 1265 403 

National Forests - Region 6 - Washington 
GIP 299 86 256 7s 

MBS 65 13 33 8 

OKA 85 7 70 6 

OLY 65 13 57 12 

WEN 290 _ 35 127 19 

NF - Washington Total 803 155 543 120 

NF - Region 6 Total 2276 626 1808 523 

National Forests - Region S - California 
KLA 395 74 299 39 

MEN 99 19 67 10 

SXR 123 24 65 1s. 

SHA/TRN 396 67 265 46 

NF' - California Total 1013 184 696 111 

National Forest Total 3288 810 2504 633 - 

Bureau of Land Management Districts - Oregon 
District Sustained Yield Unit 

SAL COL 29 10 26 9 
CLA 20 10 18 9 

- 

ALS 15 9 14 8 
SAN 28 13 23 11 

Salem Total 92 42 81 38 

EUG UPW 75 30 72 27 
SIU 36 9 36 9 

Eugene Total 111 39 107 36 
ROS SOU 45 12 29 8 

DOU 100 34 90 30 

Roseburg Total 144 46 119 38 
COO SCT 97 SO 88 47 

47 Coos Bay Total 97 50 88 
MEDILAK JOS 142 26 127 24 

JAC 178 3 1 168 29 

KLA 40 S 39 s 
Medford Total 359 63 334 58 

803 240 729 216 BLM Total 

4092 1050 3233 849 Total 

65 
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Table 23. Probable sale quantity (F'SQ) comparison with and without the 50-11-40 
rule for Option 7 and Option 6/10. 

Option 7 Option 6/10 
with without with without 

50-11-40 50-11-40 50-11-40 50-11-40 
Administrative PSQ PSQ PSQ PSQ 

Unit MMBF MMBF MMBF MMBF 
National Forests - Region 6 - Oregon 

DES 19 20 14 18 
MTH 132 132 59 59 
ROR 29 71 10 25 
SIS 118 121 27 27 
SIU 119 150 27 27 

UMP 149 158 92 98 
WIL 152 209 104 120 
WIN 47 54 33 39 

NF - Oregon Total 763 915 365 412 

National Forests - Region 6 - Washington 
GIP 135 139 71 72 
MBS 32 36 16 19 
OKA 8 14 6 9 
OLY 19 33 9 12 
WEN 36 53 28 41 

NF - Washington Total 230 275 129 152 

NF - Region 6 Total 994 1189 494 564 

National Forests - Region 5 - California 
I U A  82 150 55 92 
MEN 23 36 13 19 
SXR - 43 43 19 21 

SHA/TRN 90 125 63 67 
NF - California Total 237 354 150 198 

National Forest Total 1230 1543 644 762 

Bureau of Land Management Districts - Oregon 
District Sustained Yield Unit 

SAL COL 23 28 9 10 
CLA 11 17 7 10 
ALS 15 22' 4 6 
SAN 21 24 8 9 

Salem Total 71 91 29 35 
EUG UPW 35 46 24 29 

SIU 18 21 9 10 
Eugene Total 53 67 33 40 

ROS SOU 16 20 6 7 
DOU 40 54 17 22 

Roseburg Total 56 74 23 29 
COO SCT 71 95 43 52 

Coos Bay Total 71 95 43 52 
MED/LAK JOS 36 38 16 17 

JAC 37 39 19 19 
KLA 8 8 4 4 

Medford Total 81 85 39 40 

BLM Total 331 413 167 196 

Total 1561 1956 811 958 

66 
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Table 24. Distribution of acres and volume among age classes and allocations on federal forests. 

Distribution of acres and volume suitable for timber production in the Forest Plans on the GifCord 
Pinchot, Mt. Hood, Willamette, and Umpqua National Forests among age classes and between 
allocations in the Thomas Report (Thomas et al. 1990). (HCA = Habitat Conservation Area). 

Outside Inside Outside Inside 
Age HCAs HCAs Total HCAs HCAs Total 
Class '000 Acres '000 Acres '000 Acres Billion Cubic Feet 
0-20 370 170 540 0.0 0.0 0.0 
21-40 150 170 320 0.2 0.1 0.3 
41-60 40 20 60 0.1 0.0 0.1 
61-80 0 0 0 0.0 0.0 0.0 
81-100 120 60 180 0.5 0.4 0.9 
101-150 150 50 200 0.8 0.2 1 .O 
151-200 250 70 320 2.4 0.7 3.1 
201+ 540 230 770 4.6 1 .O 5.6 
Total 1620 770 2390 8.6 2.4 11.0 

Note: More acres may actually exist in the 40-80 year age classes. Inventory plot aggregations for harvest 
analysis often obscure stand age. 

Distribution of acres excluding fragile sites, riparian buffers, Areas of Critical Environmental 
Concern (ACECs), and recreation sites between land allocations in Option 9 for BLM administered lands. 

Outside Inside 
Age reserves reserves Total 
Class '000 Acres '000 Acres '000 Acres 
0-20 200 111 312 
21-40 122 
41-60 85 
61-80 36 
81-100 49 
101-150 131 
151-200 50 
201+ 102 
Total 775 
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Table 26. Sale estimates by sale category and option for National Forests within the owl region. Volume is in millions of board feet. 

Category 1 Category 2 Category 3&4 Category 5 
Sold and Awarded Sales Planned, Enjoined Sales Planned, Not Enjoined Sales Sold and Not Awarded Sales 
Total Sale Volume = 1808.1 Total Sale Volume = 1199.2 Total Sale Volume = 475.7 Total Sale Volume = 85.1 

Volume Volume Total Volume Volume Volume Total Volume Volume Volume Total Volume Volume Volume Total Volume 
Option in in outside in in outside in in outside in in outside 

A+B+C A+B+C+D A+B+C+D A+B+C A+B+C+D A+B+C+D A+B+C A+BtC+D A+B+C+D A+B+C A+B+C+D A+B+C+D 

1 1732.2 1751.6 56.5 1179.1 1179.1 20.1 332.0 365.6 110.1 85.1 85.1 0.0 
2 1099.7 1268.9 539.2 729.1 858.0 341.2 163.3 237.0 238.7 64.9 68.0 17.1 
4 1039.8 1242.7 565.4 705.3 836.2 363.0 161.6 245.1 230.6 64.3 67.1 18.0 
5 825.0 1088.3 719.8 563.8 715.1 484.1 106.1 193.7 282.0 55.7 65.1 20.0 

6/10 959.1 1179.5 628.6 586.6 744.9 454.3 140.1 226.2 249.5 61.9 64.6 20.5 
7 483.4 483.4 1324.7 219.9 219.9 979.3 27.8 27.8 447.9 32.6 32.6 52.5 
9 923.2 1213.3 594.8 626.8 843.6 355.6 152.8 242.2 233.5 61.9 64.9 20.2 

m A B C D 
\D Option Murrelet Late-Successionat Riparian Key Watersheds 

Reserves Reserves Reserves and/or AM& 
LSJOGl, LSJOG2, LSJOG3 Scenario 1 Key Watersheds 
& owl additions 

LS/OGl, LS/OG2 
& owl additions 

LS/OG2 DCAs and LS/OGl 
in near zone 

LS/OGl & LSIOG2 DCAs 
in near zone 

LSJOG2 LS/OGl 
in near zone & owl additions 

DCAs 

LS/OGl & LS/OG2 "Option 9" 
in near zone System 

Scenario 2 Key Watersheds 

Scenario 1 Key Watersheds 

Scenario 2 Key Watersheds 

Scenario 2 Key Watersheds 

ForestlDistrict 
Plans 

Scenario 2 Key Watersheds 
and AM& 
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Table 27. Sale estimates by sale category and marbled murrelet reserve strategy for National Forests within the owl region. Volume is in millions of board feet. 

Category 1 Category 2 Category 3&4 Category 5 
Sold and Awarded Sales Planned, Enjoined Sales Planned, Not Enjoined Sales Sold, Not Awarded Sales 

Alternative 
Marbled Murrelet 

Total Sale Volume = 1808.1 Total Sale volume = 1199.2 Total Sale volume = 475.7 Total Sale Volume = 85.1 
Volume Volume Volume Volume Volume Volume Volume Volume 

Reserve Strategies Inside Outside Inside Outside Inside Outside Inside Outside 
Reserve Reserve Reserve Reserve Reserve Reserve Reserve Reserve 

Murrelet near zone 411.6 1396.5 361.8 837.4 63.2 412.5 13.8 71.3 

Murrelet near zone 471.4 1336.7 379.4 819.8 63.2 412.5 39.5 45.6 
and/or sales requiring murrelet consultation 

LSfOG1 and LS/OG2 within murrelet near zone 239.3 1568.8 179.4 1019.8 24.6 451.1 13.8 71.3 

LSjOGl and LS/OG2 within murrelet near zone P27.2 1380.9 224.9 974.3 24.6 451.1 39.5 45.6 
and/or sales requiring murrelet consultation 

8 LS/OG2 within murrelet near zone 42.9 1765.2 95.0 1104.2 8.5 467.2 0.0 85.1 

LS/OG2 within murrelet near zone 380.5 1427.6 159.2 1039.8 8.5 467.2 39.5 45.6 
and/or sales requiring murrelet consultation 
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Table 28. Sale estimates by option that result when sales located in the marbled murrelet near zone and sales needing consultation 
are excluded from harvest on National Forests within the owl region. Volume is in millions of board feet. 

Category 2 Category 3&4 
Planned, Enjoined Sales Planned, Not Enjoined Sales 

Option Components Total Sale Volume = 1199.2 Total Sale Volume = 475.7 
A B C D Total Volume Total Volume 

Option Murrelet Late-Successional Riparian Key Watersheds outside outside 
Reserves Reserves Reserves and/or AMAs A+B+C+D A+B+C+D 

1 Murrelet near zone LSIOG1, LSlOG2, LSlOG3 Scenario 1 Key Watersheds 12.0 105.5 
& consultation & owl additions I 

2 Murrelet near zone LSIOG1, LSlOG2 Scenario 2 Key Watersheds 264.9 
& consultation & owl additions 

Murrelet near zone DCAs & LSIOG1 
& consultation 

Scenario 1 Key Watersheds 306.1 224.5 

5 Murrelet near zone DCAs Scenario 2 Key Watersheds 409.5 
& consultation 

6/10 Murrelet near zone LS/OGl 
& consultation & owl additions 

Scenario 2 Key Watersheds 376.8 242.0 

7 Murrelet near zone DCAs Forest/District Forest/District 
& consultation Plans Plans 

9 Murrele t near zone "Option 9" Scenario 2 Key Watersheds 314.7 230.5 
& consultation system & AMAs 
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Table 29. Sale estimates by sale category and late-successional reserve system for National Forests within the owl region. 
Volume is in millions of board feet. 

Category 1 Category 2 Category 3&4 Category 5 
Sold and Awarded Sales Planned, Enjoined Sales 

Designated Conservation Areas (DCAs) 

DCAs and LSIOG1 

LSIOG1 and owl additions 

LSIOGI, LSIOG2, and owl additions 

763.7 1044.4 

716.8 1091.3 

930.0 878.1 

, LSIOG1, LSlOG2, LSlOG3, and owl additions 1712.9 95.2 
3 

Alternative Total Sale Volume = '1808.1 Total Sale Volume = 1199.2 
Late-Successional Volume Volume Volume Volume 
Reserve Systems Inside Outside Inside Outside 

Reserve Reserve Reserve Reserve 

483.4 1324.7 219.9 979.3 

406.3 792.9 

311.3 887.9 

553.4 645.8 

1169.5 29.7 

Planned, Not Enjoined Sales 
Total Sale.Volume = 475.7 

Volume Volume 
Inside Outside 

Reserve Reserve 

27.9 447.8 

Sold, Not &aided Sales 
Total Sale Volume = 85.1 

Volume Volume 
Inside Outside 

Reserve Reserve 

32.6 52.5 

662.9 1145.2 413.2 786.0 91.5 384.2 56.1 29.0 "Option 9" reserve system 
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Table 30. Sale estimates inside spotted owl critical habitat units (CHUs) relative to late-successional 
reserve systems for National Forests within the owl region. Volume is in millions of board feet. 

Category 2 Category 3&4 
Planned, Enjoined Sales Planned, Not Enjoined Sales 

Alternative Total Sale Volume = 1199.2 Total Sale Volume = 475.7 
Late-Successional Total Volume Total Volume 
Reserve Systems Sale Inside Sale Inside 

Volume CHUs Volume CHUs 
Total Sales 1199.2 249.4 ' 475.7 38.5 

Inside Designated Conservation Areas (DCAs) 219.9 121.8 27.9 11.9 

Inside DCAs and LSIOG1 406.3 160.1 95.6 23.0 

Inside LS/OGl and owl additions 311.3 110.3 80.2 22.1 

Inside LS/OGl, LSlOG2, and owl additions 553.4 166.0 115.7 30.0 

Inside LS/OGl, LSIOG2, LSlOG3, and owl additions 1169.5 243.3 301.5 34.1 

Inside "Option 9" reserve svstem 413.2 140.0 91.5 24.3 
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Table 31, Sale estimates by sale category and riparian reserve scenario for National Forests within the owl region. 
Volume is in millions of board feet. 

Category 1 Category 2 Category 3&4 Category 5 
Sold and Awarded Sales Planned, Enjoined Sales Planned, Not Enjoined Sales Sold, Not Awarded Sales 

Alternative Total Sale Volume = 1808.1 Total Sale Volume = 1199.2 Total Sale Volume = 475.7 Total Sale Volume = 85.1 
Riparian Reserve Volume Volume Volume Volume Volume Volume Volume Volume 

Scenarios Inside Outside Inside Outside Inside Outside Inside Outside 
Reserve Reserve Reserve Reserve Reserve Reserve Reserve Reserve 

Scenario 1 474.5 1333.6 401.2 798.0 74.7 401.0 31.4 53.7 

Scenario 2 394.3 1413.8 324.5 874.7 61.5 414.2 26.2 58.9 

Current ForestIDistrict Plans 0.0 1808.1 0.0 1199.2 0.0 475.7 0.0 85.1 
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. Table 32. Sale estimates and harvest acres by sale category and age classes for National Forests within the owl region. 

Category 1 
Sold and Awarded Sales 
Total Sale Volume = 1808.1 

Even-age 
Age Class Total Regen. Other 

(years) Volume Harvest Harvest 
(MMBF) (ACRES) (ACRES) 

0-80 99.9 742 7957 

Category 2 Category 3&4 
Planned, Enjoined Sales Planned, Not Enjoined Sales 
Total Sale Volume = 1199.2 Total Sale Volume = 475.7 

1 Even-age Even-age 

Total Regen. Other Total Regen. Other 
Volume Harvest Harvest Volume Harvest Harvest 
(MMBF) (ACRES) (ACRES) (MMBF) (ACRES) (ACRES) 

47.0 342 3842 189.4 564 20420 

Category 5 
Sold and Not Awarded Sales 

Total Sale Volume = 85.1 
Even-age 

Total Regen. Other 
Volume Harvest Harvest 
(MMBF) (ACRES) (ACRES) 

0.0 0 0 

200t 921.2 20161 11547 591.3 13547 17142 50.8 845 14688 41.8 1036 0 

No age data 18.0 244 976 0.0 0 0 20.4 0 2851 0.0 0 0 

Total 1808.0 39368 44399 1199.1 26840 42477 475.7 9346 101939 85.1 1783 1282 
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Table 33. Sale estimates by sale category, option, and age class for National Forests within the owl region. 
Volume is in millions of board feet. 

Category 1 Category 2 Category 3&4 Category 5 
Sold and Awarded Sales Planned, Enjoined Sales Planned, Not Enjoined Sales Sold and Not Awarded Sales 
Total Sale Volume = 1808.1 Total Sale Volume = 1199.2 Total Sale Volume = 475.7 Total Sale Volume = 85.1 

200+ Sale Volume = 921.2 200+ Sale Volume = 591.3 200+ Sale Volume = 50.8 200+ Sale Volume = 41.8 
Total Volume 200t Volume Total Volume 200t Volume Total Volume 200+ Volume Total Volume 200+ Voium, 

I 

Option outside outside outside outside , 

A+B+C+D A+B+C+D A+B+CtD A+BtCtD 

1 56.5 0.0 20.1 0.0 
2 539.2 267.5 341.2 185.1 
4 565.4 303.6 363.0 206.9 
5 719.8 383.6 484.1 266.9 

611 0 628.6 340.1 454.3 243.0 
7 1324.7 654.5 979.3 495.0 
9 594.8 324.7 355.6 217.2 

outside 
A+B+C+D 

110.1 
238.7 
230.6 
282.0 
249.5 
447.9 
233.5 

outside outside outside 
A+B+C+D A+B+C+D A+B+C+D 

0.0 0.0 0 
12.7 17.1 17.1 
13.9 18.0 15.3 
25.0 20.0 17.1 
15.0 20.5 17.1 
46.7 52.5 20.9 
20.1 20.2 17.1 

A B C D 
Option Murrelet Late-Successional Riparian Key Watersheds 

Reserves Reserves Reserves andlor AMAs 
LS/OGl, LSDG2, LSlOG3 Scenario 1 
& owl additions 

LS/OGl, LSlOG2 
& owl additions 

LS/OG2 DCAs and LSIOG1 
in near zone 

LS/OGl& L S D C  DCAs 
in near zone 

LS/OG2 LS/OGl 
in near zone & owl additions 

DCAs 

LS/OGl& LS/OCnOption 9" 
in near zone System 

Scenario 2 

Scenario 1 

Scenario 2 

Scenario 2 

Forest/TXstrict 
Plans 

Scenario 2 

Key Watersheds 

Key Watersheds 

Key Watersheds 

Key Watersheds 

Key Watersheds 

Key Watersheds 
and AMAs 
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Table 34. Sale estimates by sale category and Option 9 allocations for National Forests within the owl region. Volume is in millions of board feet. 

Category 1 Category 2 Category 3&4 Category 5 
Sold and Awarded Sales Planned, Enjoined Sales Planned, Not Enjoined Sales Sold, Not Awarded Sales 
Total Sale Volume = 1808.1 Total Sale Volume = 1199.2 Total Sale Volume = 475.7 Total Sale Volume = 85.1 

Riparian Riparian Riparian Riparian 
Land Allocation Classes Total Reserve Total Reserve Total Reserve Total Reserve 

Volume Volume Volume Volume Volume Volume Volume Volume 
Total Sales 

I. Inside Option 9 Murrelet and 
Late-Successional Reserves 

A. Inside Adaptive Mgmt. Areas 
1. Inside Key Watersheds 
a. Inside Roadless 
b. Outside Roadless 

2. Outside Key Watersheds 
a. Inside Roadless 
b. Outside Roadless 

B. Outside Adaptive Mgmt. Areas 
1. Inside Key Watersheds 
a. Inside Roadless 
b. Outside Roadless 

2. Outside Key Watersheds 
a. Inside Roadless 
b. Outside Roadless 

II. Outside Option 9 Murrelet and 
Late-Successional Reserves 

A. Inside Adaptive Mgmt. Areas 
1. Inside Key Watersheds 
a. Inside Roadless 
b. Outside Roadless . 

2. Outside Key Watersheds 
a. Inside Roadless 
b. Outside Roadless 

B. Outside Adaptive Mgmt. Areas 
1. Inside Key Watersheds 
a. Inside Roadless 
b. Outside Roadless 

2. Outside Kev Watersheds 
a. Inside ~ o i d l e s s  24.4 4.6 19.9 
b. Outside Roadless 689.9 114.9 418.8 77.9 242.4 22.0 25.2 5.0 
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Table 35. Sale estimates by sale category and option 9 allocations for lands administered by the BLM within the owl region. 
Volume is in millions of board feet. 

Category 1 
Sold, 

Awarded Sales 
Total Sale Volume = 131 

Riparian 
Land Allocation Classes Total Reserve 

Volume Volume 
Total Sales 131 3 1 

I. Inside Option 9 Murrelet and 8 1 
Late-Successional Reserves 

A. Inside Adaptive Mgmt. Areas 1 0 
1. Inside Key Watersheds 1 0 
2. Outside Key Watersheds 0 0 

B. Outside Adaptive Mgmt. Areas 7 1 
1. Inside Key Watersheds 0 0 
2. Outside Key Watersheds 7 1 

Category 2 Category 3&4 
Sold AwardedIUnawarded Planned, 

Enjoined Sales Not Enjoined Sales 
Total Sale Volume = 194 Total Sale Volume = 15 

Riparian Riparian 
Total Reserve Total Reserve 

Volume Volume Volume Volume 
194 5 1 15 2 

Category 5 
Sold, 

Not Awarded Sales 
Total Sale Volume = 103 

Riparian 
Total Reserve 

Volume Volume 
103 44 

11. Outside Option 9 Murrelet and 12!3 30 176 45 7 1 47 15 
Late-Successional Reserves 

A. Inside Adaptive Mgmt. Areas 13 4 22 7 0 0 0 0 
1. Inside Key Watersheds 2 1 11 4 0 0 0 0 
2. Outside Key Watkheds  11 3 11 3 0 0 0 0 

B. Outside Adaptive Mgmt. Areas 110 26 154 38 7 1 47 15 
1. Inside Key Watersheds . 0 0 21 8 0 0 28 11 
2. Outside Key Watersheds 110 26 133 30 7 1 19 4 
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Table 36. Sale estimates by sale category and option for National Forests within the owl region: sale information update. 
Volume is in millions of board feet. 

Category 1 Category 2 Category 3&4 Category 5 
Sold and Awarded Sales Planned, Enjoined Sales Planned, Not Enjoined Sales Sold and Not Awarded Sales 
Total Sale Volume = 1457.0 Total Sale volume = 1152.7 Total Sale Volume = 434.6 Total Sale Volume = 74.1 

Volume Volume Total Volume Qolume Volume Total Volume Volume Volume Total Volume Volume Volume Total Volume 
Option in in 

A+B+C A+B+C+D 

1 1389.6 1400.3 
2 887.5 1042.1 
4 818.1 1006.7 
5 659.0 905.4 

6/10 785.9 979.5 
7 412.9 412.9 
9 745.8 1033.3 

outside 
A+B+CtD 

56.7 
414.9 
450.3 
551.6 
477.5 

1044.1 
423.7 

outside 
A+B+C+D 

18.5 
311.4 
368.3 
444.6 
415.2 
946.3 
321.3 

in in outside in in outside 
A+B+C A+B+C+D A+B+C+D A+B+C A+B+C+D A+B+C+D 

284.9 335.1 99.5 74.1 74.1 0.0 
157.9 248.8 186.3 62.9 63.0 11.1 
125.0 243.5 191.1 54.3 54.4 19.7 
80.3 217.7 216.9 48.4 54.4 19.7 

119.2 239.1 195.5 56.2 56.3 17.8 
16.9 16.9 417.7 ' 35.9 35.9 38.2 

143.4 267.2 167.4 57.3 61.8 12.3 

3 A B C D 
Option Murrelet Late-Successional Riparian Key Watersheds 

Reserves Reserves Reserves and/or AMAs 
LS/OGl, LS/OG2, LWOG3 Scenario 1 Key Watersheds 
& owl additions 

LSIOG1, LS/OG2 
& owl additions 

LSlOG2 DCAs and LSIOG1 
in near zone 

LS/OGl& LS/OG2 DCAs 
in near zone 

LSIOG2 LS/OGl I 
in near zone & owl additions 

DCAs 

LSIOG1 & LS/OG2 "Option 9" 
in near zone ' System 

Scenario 2 Key Watersheds 

Scenario 1 Key Watersheds 

Scenario 2 Key Watersheds 

Scenario 2 Key Watersheds 

ForestDistrict 
Plans 

Scenario 2 Key Watersheds 
and AMAs 
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Figure 1. Volume outside of reserves a s  a percentage of total volume within each sale category* for - - .  

~&ona l  Forests within the owl region. 

Category 185 Category 2 

Option 
Category 3824 

* Total sale volume by category (MMBF) 
Category 1&5 - 1893.2 
Category 2 - 1199.2 - 

Category 3&4 - 475.7 
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Figure 2. Volume outside of option components* as a percentage of total volume within each sale 
category* * for National Forests within the owl region. 

Category 1&5 Category 2 Category 3&4 

* Option components are: 
Marbled murrelet and late-successional reserves 
Riparian reserves - 

Key Watersheds 
Adaptive Management Areas 

** Total sale volume by category (MMl3F) 
Category 1&5 - 1893.2 . 

Category 2 - 1199.2 
Category 3&4. - 475.7 
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Figure 3. 200+ years old sale volume outside of option components* as a percentage of total 200+ years old 
sale volume within each sale category** for National Forests within the owl region. 

- 
Category 185 Category 2 

Option 
Category 3&4 

* Option components are: 
Marbled murrelet and late-successional reserves 

- Riparian reserves 
Key Watersheds 
Adaptive Management Areas 

** Total 200+ years old sale volume by category (MMBF) 
Category 1&5 - 963.0 
Category 2 - 591.3 
Category 3&4 - 50.8 
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Appendix A 
Authorizing letter from the 
Clinton Administration 

This appendix consists of the Preface from "Forest Ecosystem Management: An 
Ecological, Economic, and Social Assessment", also referred to as the "FEMAT Report". 
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Preface 
Following the April 2, 1993, Forest Conference in Portland, Oregon, President Clinton 
created three interagency working groups: the Forest Ecosystem Management Assessment 
Team, the Labor and Community Assessment Team, and the Agency Coordination Team. 
Direction for the Teams came in a Statement of Mission letter. The following excerpts from 
that letter outiine the mission for the Forest Ecosystem Management Team. 

TO: FOREST CONFERENCE INTER-AGENCY WORKING 
GROUPS 
Ecosystem Management Assessment 
Labor and Community Assistance .w - -3 

-. + 
Agency Coordination -. 

FROM: FOREST CONFERENCE EXECUTIVE COMMITTEE 
Department of Agriculture Office on Environmental Policy 
Department of Interior Office of Science and Technology 
Department of Labor National Economic Council 
Department of Commerce Council of Economic Advisors 
Environmental Protection Agency Office of Management and Budget 

RE: STATEMENT OF MISSION 

Together, we are working to fulfill President Clinton's mandate to produce a plan to break the 
gridlock over federal forest management that has created so much confusion and controversy in 
the Pacific Northwest and northern California. As well, that mandate means providing for 
economic diversification and new economic opportunities in the region. As you enter into the 
critical phase of your work reviewing options and policy, this mission statement should be used 
to focus and coordinate your efforts. It includes overall guidance and specific guidance for 
each team. 

BACKGROUND 
- 

President Clinton posed the fundamental question we face when he opened the Forest 
Conference in Portland. 

"How can we achieve a balanced and comprehensive policy that recognizes the importance of 
the forests and timber to the economy and jobs in this region, and how can we preserve our 
precious old-growth forests, which are part of our national heritage and that, once destroyed, 
can never be replaced?" 

And he said, "The most important thing we can do is to admit, all of us to each other, that 
there are no simple or easy answers. This is not about choosing between jobs and the 
environment, but about recognizing the importance of both and recognizing that virtually 
everyone here and everyone in this region cares Bbout both." 
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The President said five principles should guide our work: 

"First, we must never forget the human and the economic dimensions of these problems. 
Where sound management policies can preserve the health of forest lands, sales should go 
forward. Where this requirement cannot be met, we need to do our best to offer new economic 
opportunities for year-round, high-wage, high-skill jobs. 

"Second, as we craft a plan, we need to protect the long-term health of our forests, our wildlife, 
and our waterways. They are a.. gift from God; and we hold them in trust for future 
generations." 

"Third, our efforts must be, insofar as we are wise enough to know it. scientifically sound, 
ecologically credible, and legally responsible." 

"Fourth, the plan should produce a predictable and sustainable level of timber sales and 
nontimber resources that will not degrade or destroy the environment." 

"Fifth, to achieve these goals, we will do our best, as I said, to make the federal government 
work together and work for you. We may make mistakes but we will try to end the gridlock 
within the federal government and we will insist on collaboration not confrontation." 

ECOSYSTEM MANAGEMENT ASSESSMENT 

Our objectives based on the President's mandate and principles are to identify management 
alternatives that attain the greatest economic and.social contribution from the forests of the 
region and meet the requirements of the applicable laws and regulations, including the 
Endangered Species Act, the National Forest Management Act, the Federal Land Policy 
Management Act, and the National Environmental Policy Act. The Ecosystem Management 
Assessment working group should explore adaptive management and silvicultural techniques 
and base its work on the best technical and scientific information currently available. 

Your assessment should take an ecosystem approach to forest management and should 
particularly address maintenance and restoration of biological diversity, particularly that of the 
late-successional and old-growth forest ecosystems; maintenance of long-term site productivity 
of forest ecosystems; maintenance of sustainable levels of renewable natural resources, 
including timber, other forest products, and other facets of forest values; and maintenance of 
rural economies and communities. - - 

Given the biological requirements of each alternative, you should-suggest the patterns of 
protection, investment, and use that will provide the greatest possible economic and social 
contributions from the region's forests. In particular, we encourage you to suggest innovative 
ways federal forests can contribute to economic and social well-being. 

You should address a range of alternatives in a way that allows us to distinguish the different 
costs and benefits of various approaches (including marginal costhenefit assessments), and in 

- doing so, at least the following should be considered: 

. timber sales, short and long term; 

production of other commodities; 
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. effects on public uses and values, including scenic quality, recreation, 
subsistence, and tourism; 

. effect on environmental and ecological values, including air and water quality, 
habitat conservation, sustainability, threatened and endangered species, 
biodiversity and long-term productivity; 

8 jobs attributable to timber harvest and timber processing; and, to the extent 
feasible, jobs attributable to other commodity production, fish habitat 
protection, and public uses of forests; as well as jobs attributable to 
investment and restoration associated with each alternative; 

. economic and social effects on local communities, and effects on revenues to 
counties and the national treasury, 

8 . - economic and social policies associated with the protection and use of forest 
resources that might aid in the transitions of the region's industries and 
communities; 

8 economic and social benefits fiom the ecological services you consider; 

. regional, national, and international effects as they relate to timber supply, 
wood product prices, and other key economic and social variables. 

As well, when locating reserves, your assessment also should consider both the benefits to the 
whole array of forest values and the potential cost to rural communities. 

The impact of protection and recovery of threatened and endangered species on nonfederal 
lands within the region of concern should be minimized. However, you should note specific 
nonfederal contributions that are essential to or could significantly help accomplish the 
conservation and timber supply objectives of your assessment. 

In addition, your assessment should include suggestions for adaptive management that would 
identify high priority inventory, research, and monitoring needed to assess success over time, 
and essential or allowable modifications in approach as new information becomes available. 
You should also suggest a mechanism for a coordinated interagency approach to the needed 
assessments, monitoring, and research as well as any changes needed in decisionmaking 

- procedures required to support adaptive management. 

You should carefully examine silvicultural management of forest stands - particularly young 
stands -- especially in the context of adaptive management. The use of sjlviculture to achieve 
those ends, or tests of silviculture, should be judged in an ecosystem context and not solely on 
the basis of single species or several species response. 

Your conservation and management assessment should cover those lands managed by the Forest 
Service, the Bureau of Land Management, and the National Park Service that are within the 
current range of the northern spotted owl, drawing as you have on personnel from those 
agencies and assistance from the Fish and Wildlife Service, the National Marine Fisheries 
Service, and the Environmental Protection Agency. To achieve similar treatment on all federal 
lands involved here, you should apply the "viability standard" to the Bureau of Land 
Management lands. ' 
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In addressing biological diversity you should not limit your consideration to any one species 
and, to the extent possible, you should develop alternatives for long-term management that meet 
the following objectives: 

. maintenance and/or restoration of habitat conditions for the northern spotted 
owl and the marbled murrelet that will provide for viability of each species -- 
for the owl, well distributed along its current range on federal lands, and for 
the murrelet so far as nesting habitat is concerned; 

maintenance and/or restoration of habitat conditions to support viable 
populations, well-distributed across their current ranges, of species known (or 
reasonably expected) to be associated with old-growth forest conditions; 

. maintenance and/or restoration of spawning and rearing habitat on Forest 
Service, Bureau of Land Management, and National Park Service lands to 
support recovery and maintenance of viable populations of anadromous fish 
species and stocks and other fish species and stocks considered "sensitive" or 
"at risk" by land management agencies, or listed under the Endangered 
Species Act; and, 

. maintenance and/or creation of a connected or interactive old-growth forest 
ecosystem on the federal lands within the region under consideration. 

Your assessment should include alternatives that range from a medium to a very high 
probability of ensuring the viabi~ity of species. The analysis should include an assessment of 
current agency programs based on Forest Service plans (including the Final Draft Recovery 
Plan for the Northern Spotted Owl) for the National Forests and the Bureau of Land 
Management's revised preferred alternative for its lands. 

In your assessment, you should also carefilly consider the suggestions for forest management 
from the recent Forest Conference in Portland. Although we know that it will be difficult to 
move beyond the possibility considered in recent analysis, you should apply your most creative 
abilities to suggest policies that might move us forward on these difficult issues. You also 
should address shot-term timber sale possibilities as well as longer term options. 

Finally, your assessment should be subject to peer review by appropriately credentialed 
reviewers. 

CONCLUSION 

We appreciate your efforts and recognize, as President Clinton did, that these are difficult 
issues with difficult choices. And, we'll remind you of something else the President said at the 
Forest Conference, talking to the people of the Pacific Northwest and northern California: 
"We're here to begin a process that will help ensure that you will be able to work together in 
your communities for the good of your businesses, your jobs, and your natural environment. 
The process we (have begun) will not be easy. Its outcome cannot possibly make everyone 
happy. Perhaps it won't make anyone completely happy. But the worst thing we can do is 
nothing." 
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Appendix B 
  ode ling Approaches 
of the Different Agencies 

PSQ Modeling of the FEMAT Options 
on National Forests in the Pacific Northwest Region (Region 6) 

Forest Service analysts were given 14 to 16 alternatives to simulate. Each alternative was 
composed of a particular land allocation and set of management rules. The Regional 
Geographic Information System (GIs) staff developed map layers to reflect the various land 
allocations contained in these alternatives. Next, Forest Service analysts integrated these 
maps with their Forest Plan suitable acreage information to determine location, acres, and 
vegetative conditions of the resulting available timber base. The Forest analysts were then 
asked to calculate sustainable harvest levels for each of the alternatives. 

In performing these calculations the analysts were asked to conform to the following 
direction: 

I. Use the Forest Plan allocations, standards and guidelines as the base. Alternative land 
allocations will be layered on top of the 'Forest Plan allocations, and the most restrictive 
will apply unless otherwise specified. 

2. Harvest schedules should achieve nondeclining yield over time subject to not exceeding 
the long-term sustained yield capacity. 

3. Use the latest information available on land base, inventory, yields and related 
information. - 

4. Harvest schedules should be feasible/imF;lementable and be consistent with standards 
and guidelines in Forest Plans (including knowledge gained during plan implementation) 
as -well as any additional stand&ds from the new options. 

Sustainable harvest levels were developed by the Forest analysts using FORPLAN (Johnson 
et al. 1986), spatial data base analyses, or a combination of both. Eight of the Forest analysts 
used FORPLAN as their prirriary analysis tool for calculating harvest schedules. FORPLAN 
is an optimization tool used by the Forest Service in the development of harvest schedules 
for Forest Plans. The remaining five Forests relied principally on spatial data bases to 
determine the maximum acres available for harvest under each of the alternatives and then 
used Forest or Ranger District-level yield information to determine probable first decade 
harvest levels. Various Forest and Ranger District-level staff were then consulted by all 
Forests to assess the feasibility of the estimates. 
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PSQ estimates for three of the options (Options 1, 2 and 3) were not calculated by the Forest 
analysts. Option 2 is a modification of a slightly different alternative simulated by Forest 
Service analysts. The alternative evaluated by the analysts contained the same late- 
successional reserve system as Option 2, but different rules for riparian buffer widths on 
intermittent streams, as well as longer rotations in Tier 1 Key Watersheds. Information 
gained through simulating the modified alternative, the results for Options 6 and 10, and 
data on suitable acres in Key Watersheds were used to develop PSQ estimates for Option 2. 

Option 1 basically precludes harvesting in stands 80 years and older. PSQ estimates for this 
option were based on Forest level acreage and age class information and the PSQ estimates 
derived for Option 2. The PSQ estimates for Option 3 were based on information concerning 
timber suitable acres within LS/OG2 areas on each of the National Forests, management r ." 
rules for 250 to 350 year rotations, and the results of Option 2 and Optron 6. Option 3 differs 
from Option 2 in that it permits limited harvesting in managed LS/OG2 areas. This option 
differs from Option 6 in that harvesting permitted in LS/OG2 areas is more restricted than it 
is in Option 6. 

PSQ estimates developed by the field units were the basis for the estimates reported for the 
remaining seven options. We adjusted the PSQ estimates obtained from the analysts for 
Options 4 through 6 and 8 through 10 to reflect inoperable land concerns, a change in 
measuring buffer widths from horizontal to slope distance, a change in the estimate of 
intermittent stream miles, green tree retention standards, and changes in the riparian reserve 
buffer widths. Table B-1 displays what adjustments were made to the PSQ estimates 
obtained from the field units. 

Table B-1. Adjustments to PSQ estimates calculated by Forest analysts 

FEMAT No Stream Operability 
Option Adjustment Miles and Adjustment 
Number Slope/ 

Horizontal 

*GTR =. green tree retention 

GTR* Modified 
Adjustment Riparian 

Reserves 
Adjustment 
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Inoperable Land Adjustments 

A study was conducted by Forest and Regional staff to determine if the riparian reserve 
networks outlined in the FEMAT Report would result in suitable acres becoming inoperable 
due to fragmentation. Forty sample quads from across the owl region were examined. The 
Forest and Regional staff working on this problem found that riparian reserve strategies 1 
and 2 would result in 1-10 percent withdrawal of suitable acres due to the slivers caused by 
the riparian networks. Percentage reduction factors were then developed for Options 4 
through 6 and 8 through 10 to reflect these findings, and the PSQ estimates obtained from 
the Forest analysts for these options were adjusted accordingly. 

Miles of Intermittent Stream Adjustment 

After the field units finished their PSQ analyses, the AquaticIWatershed Group changed the 
number of miles of intermittent streams on six of the National Forests. The PSQ estimates 
for FEMAT Options 4 through 6 and 8 through 10 were modified for these Forests to reflect 
the latest data on intermittent streams. These adjustment factors ranged from a 9 percent 
inaease to a 25 percent decrease in probable sale quantities. 

Slope to Horizontal Distance Adjustments 

The final options require riparian buffer widths based on slope rather than horizontal 
distance. The alternatives simulated by the field offices had buffer widths based on 
horizontal distance. As a result, the PSQ estimates obtained from the field for Options 4 
through 6 and 8 through 10 had to be adjusted to reflect slope distances. This adjustment 
resulted in a 0-36 percent increase in the PSQ estimates obtained from Forest analysts. 

Green Tree Retention (GTR) Adjustments 

Each of the alternatives simulated by the field units reflect their Forest Plan standards for 
green tree retention with two exceptions. Options 4 and 5 require additional green trees and - 

snags for woodpeckers on the eastern fringe of the owl range and the Klamath Province. 
The impacted Forests simulated this increased standard in both Options 4 and 5. For each of 
the remaining options requiring more GTR than called for in the Forest Mans, we determined 
the percentage of volume left in leave trees under the various GTR standards, subtracted the 
amount stipulated in the Forest Plans, and applied the difference to the percent of volume 
derived from even-age regeneration harvest methods in the first decade. We then reduced 
the PSQ estimates obtained from the field to reflect the increase in GTR standards called for 
under three of the options. This resulted in a 0-20 percent downward adjustment in PSQ 
estimates developed by the field units for Options 6, 9 and 10. 

Riparian Reserve Buffer Width Adjustments 

Options 5, 6 and 10 contain riparian reserve strategy 2 which requires riparian reserve 1 
protection or "SAT" buffers on intermittent streams in key watersheds and half the protection 
of riparian reserve 1 or "half SAT" buffers on intermittent streams elsewhere. Forest Service 
analysts simulated Options 5, 6 and 10 with "half SAT" buffers on intermittent streams in and 
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out of key watersheds. We adjusted the PSQ estimates obtained from the analysts for these 
options to reflect this change in riparian direction. This adjustment resulted in a 0-5 percent 
reduction in the PSQ estimates for these options. 

Option 8 has riparian reserve strategy 3 which requires riparian reserve 1 protection on fish 
bearing streams, half riparian reserve 1 protection on nonfish bearing permanent streams, 
and 1/6  the riparian reserve 1 protection on intermittent streams. Forest analysts simulated 
Option 8 with riparian reserve 1 protection on all permanent streams and half riparian 
reserve 1 protection on intermittent streams. Bringing PSQ estimates for Option 8 into 
compliance with riparian reserve strategy 3 resulted in a 0-23 percent increase in the PSQ 
estimates obtained from the field. - _ 

1 -. - - . * 

PSQ Modeling of the FEMAT Options 
on National Forests in the Pacific Southwest Region (Region 5) 

Acres 

More than 200,000 individual forest stands were mapped and classified in Forest Service GIs 
data bases. For the purpose of analysis for the FEMAT Report, these individual polygons 
were aggregated into analysis areas based on the forest type, condition class, slope class, 
Forest Plan allocation, timber regulation class, and inclusion in one or more of the FEMAT 
allocations. The boundaries of the FEMAT allocations (Key Watersheds, Option 9 reserves, 
late-successional reserves, Adaptive Management Areas, etc.) were supplied to the National 
Forests in Region 5 by the Regional Office GIs staff. Econcdcs and logging methods were 
not considered in this analysis. Riparian buffers, additional unstable lands, and inoperable 
lands proposed under FEMAT were not mapped. These areas were sampled and adjustment 
factors were applied to represent their acreage. Polygons with similar attributes were 
merged and placed into a relational data base and spreadsheet. Riparian buffers and 
operable acres were analyzed using a spreadsheet to adjust and re-merge acres into the 
various analysis areas for input into FORPLAN. 

PSQ Calculation - 

FORPLAN was used in almost all cases to calculate PSQs. Forest yield coefficients and 
constraints from each Forest's preferred alternative were used in developing the matrix by 
Forest. The models for each Forest were standardized except for unique acres, yields, and 
constraints; however, a set of similar identifiers were used for all forest models. This 
provided needed standardization for the FEMAT analysis. Acres for each option were 
determined at each Forest. 

The objective function used for all the options was: maximize timber harvest (in cubic feet) 
for the first period. A 150-year planning horizon was used. FORPLAN analysis for the four 
northern California National Forests was performed by the Region 5 team. 

94 
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PSQ Modeling of the FEMAT Options 
on Lands Managed by the Bureau of Land Management 

There are over 66,000 individual forest stands identified on the Western Oregon lands 
administered by the BLM. For all of the options analyzed, the land base acreage information 
for each stand was calculated using the Western Oregon Digital Database (WODDBIGIS), 
and stored in the forest stand inventory data base MicroOStorms. Each stand has an 
hierarchical representation of acres for the area in roads, nonforest, fragde sites unsuitable for 
timber harvest, riparian buffers, Areas of Critical Environmental Concern, and recreations 
sites. Each forest stand is described for it's stand and site quality characteristics and land use 
allocation: reserve, LSIOG1, Key Watershed, matrix, etc. The "suitable acres" are defined by 
the net area remaining at the bottom of the hierarchy for the land use allocations that are 
available for timber production. 

The BLM did not estimate the PSQ for FEMAT Options 3, and 10. 

Three different modeling approaches were used in the BLM harvest estimations for the 
options in  the FEMAT Report. 

The B L M  50-11-40 Model 

Options 1, 2, 4, 5, and 6 applied the 50-11-40 rule for the matrix land prescription. TRIM- 
PLUS0 (RE1 1988) is the standard harvest scheduling model used by the BLM for PSQ 
estimation. However, the TRIM-PLUS model in its current configuration cannot track the 
spatial constraints of quarter township compliance to the 50-11-40 rule through time. 
Therefore, the BLM developed a simple harvest scheduling model in the forest inventory 
database Micro@Storms which can track the spatial constraint of 50-11-40 through &. The 
model contains acreage distribution by age class and by stocking level divided into lands 
suitable and unsuitable for timber harvest outside the reserve system for each quarter 
township. For a given period in time the model can assess the area above the 50 percent 
threshold which is available for harvest. Each quarter township is constrained to minimize 
excessive harvest within an area and to facilitate the long-term even flow for the Sustained 
Yield Unit. A yield function is used to estimate the volume production for a given age class 
which is harvested. This yield function accounts for the average site quality of the Sustained 
Yield Unit, green tree retention, snagldown log retention and approach to normality. 

TRIM-PLUS 

Option 7, characterized by the BLM's proposed Resource Management Mans (RMPs), used 
the TRIM-PLUS Harvest Scheduling model. TRIM-PLUS models non-declining harvest levels 
based on different management regimes for different categories of land use allocations over 
time. The model tracks forest inventory through the interaction of existing stand conditions 
and yield curves which model a variety of stand management scenarios. Yield curves were 
developed through the use of the BLM empiric inventory data, ORGANON, and Stand 
Projection System (SPS) growth and yield models. 
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Production Coefficient Estimation 

The PSQ estimates for Options 8 and 9 were derived from production coefficients. A 
production coefficient is the average yield per acre of land base for a given land use 
allocation. The produdion coefficients were derived from the first decade TRIM-PLUS 
modeling efforts of the BLM proposed RMP. These production coefficients incorporated 
green tree retention, snag/down log retention, and average site quality for each allocation 
from the BLM proposed RMP. The Deferred and Non-deferred Old Growth Emphasis Areas 
in the Option 9 matrix lands were reallocated to a mixture of connectivity and general forest 
management. The Reserve and Managed Pair Areas in the Option 8 and 9 matrix lands were 
modeled as connectivity. It is recognized that the change in acreage distribution between 
land use allocations and between age classes from the BLM draft plans to Option 9 could 
affect the production coefficients and the resultant harvest level estimates. The amount of 
effect due to these changes is uncertain. The time constraint of the FEMAT process did not 
permit the use of the TRIM-PLUS model to estimate harvest levels for Options 8 or 9. 

Further descriptions of these models are available in the Salem, Eugene, Roseburg, Coos Bay, 
Medford, and Lakeview Resource Management Plans and Environmental Impact Statements, 
Volume 2, August 1992. 
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Introduction

Forest ecosystems play a major role in the 
global carbon cycle because they can attain high 
levels of carbon storage, and can gain or lose 

carbon relatively rapidly (McKinley et al. 2011). 
These carbon (C) stocks are present in above-  
and below- ground live, dead, and highly de-
cayed vegetation components that cycle with the 
atmosphere on time scales of days to centuries. 

Carbon stocks and accumulation rates in Pacific Northwest forests: 
role of stand age, plant community, and productivity

Andrew N. Gray,1,† Thomas R. Whittier,2 and Mark E. Harmon2

1USDA Forest Service, Pacific Northwest Research Station, Corvallis, Oregon 97331, USA
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Abstract.   Forest ecosystems are removing significant amounts of carbon from the atmosphere. Both abi-
otic resource availability and biotic interactions during forest succession affect C accumulation rates and 
maximum C stocks. However, the timing and controls on the peak and decline in C accumulation rates as 
stands age, trees increase in size, and canopy gaps become prevalent are not well- understood. Our study 
examines measured change in live and dead woody C pools from 8767 inventory plots on 9.1 million ha of 
Pacific Northwest National Forest lands to determine how the balance of tree growth, mortality, and dead 
wood decomposition varied by stand age, plant community type, and site productivity; and to compare 
the contribution of different tree sizes to C accumulation. Maximum non- mineral soil C for old- growth 
stands varied significantly by productivity class within plant community types, but on average stands 
accumulated 75% of maximum stocks by age 127 ± 35 yr. We did not see a decline in net primary produc-
tion of wood (NPPw) with age in moderate and low- productivity classes, but found a 33% reduction in 
high- productivity classes. Mortality increased with stand age such that net change in live tree biomass, 
and change in total woody C, was not significantly different from zero in old- growth stands over age 400 
(0.15 ± 0.64 Mg C·ha−1·yr−1 for woody C). However, significant though modest C accumulation was found 
in forests 200–400 yr old (0.34–0.70 Mg C·ha−1·yr−1, depending on age class). Mortality of trees >100 cm di-
ameter exceeded or equaled NPPw, but trees were growing into the larger sizes at a high- enough rate that 
a net increase in large tree C was seen across the region. Although large trees accumulated C at a faster rate 
than small trees on an individual basis, their contribution to C accumulation rates was smaller on an area 
basis, and their importance relative to small trees declined in older stands compared to younger stands. 
In contrast to recent syntheses, our results suggest that old- growth and large trees are important C stocks, 
but they play a minor role in additional C accumulation.

Key words:   carbon flux; disturbance; national forests; tree growth; tree mortality.
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 Although approximately one- quarter of the C 
in the atmosphere is fixed by photosynthesis in 
a year, relatively little ends up in carbon pools 
with long residence times such as trees or soil 
(Falkowski et al. 2000). Understanding the mag-
nitude and drivers of C flux between forests and 
the atmosphere has been a focus of research giv-
en concerns about the effects of rising levels of 
atmospheric carbon dioxide on climate change 
(IPCC Core Writing Team 2007). Much of the 
terrestrial annual carbon accumulation in recent 
decades is believed to be occurring in northern 
hemisphere forests, but uncertainty remains 
about where and by how much (Pan et al. 2011, 
Hayes et al. 2012).

In addition to combustion and harvest, the rate 
at which different forest types store and release C 
is determined by available resources and environ-
mental conditions, which control net primary pro-
duction (NPP) and heterotrophic respiration (Rh). 
The species composition of different forests may 
also determine the maximum stocks attainable on a 
site due to species’ differences in longevity, growth, 
and decomposition rates (Waring and Franklin 
1979, Harmon et al. 1986). Predicting relevant site- 
specific resource levels given wide variation in 
climate, topography, and soils is challenging (e.g., 
Coops et al. 2012). In practice, forest managers of-
ten use empirical relationships with site index and 
community classifications, which integrate condi-
tions at individual locations, to predict forest pro-
ductivity and evaluate alternative management ac-
tions (e.g., Hemstrom et al. 1987, Barnes et al. 1998, 
Hoover and Rebain 2011). This approach is a useful 
framework for assessing C flux.

The net rate of C accumulation also changes 
with forest age and successional stage, depend-
ing on relative rates of NPP vs. Rh. A net loss of 
C usually occurs in the initial period of postdis-
turbance secondary succession, dominated by 
the decomposition of remnants of the previous 
stand (Janisch and Harmon 2002). As new for-
est vegetation dominates the site, C accumula-
tion tends to peak early in stand development as 
NPP reaches a maximum soon after tree canopy 
closure, and then declines as stands age due to 
declines in NPP and increases in decomposi-
tion of dead matter produced by the new stand 
(Rh) (Ryan et al. 2004, McKinley et al. 2011). The 
hypothesized causes of decline in NPP in older 
stands include: increased autotrophic  respiration 

as live biomass accumulates (but see Ryan et al. 
2004); changes in allocation of carbon to less 
quantifiable below- ground structures, or inabili-
ty of subordinate trees in multilayered old stands 
to use resources as efficiently as overstory trees 
(Binkley et al. 2002); or inability of large trees to 
obtain and/or distribute water and nutrients to 
the foliage in large, tall crowns (McDowell et al. 
2002). Despite their low net C accumulation rates, 
old- growth forests provide useful estimates of 
maximum C storage and reference points for 
evaluating the effects of human and natural dis-
turbances on regional C stocks (Smithwick et al. 
2002).

Old- growth forests store large amounts of C 
per unit area, but a recent study suggests that 
substantial rates of C accumulation may be more 
common than previously thought (Luyssaert 
et al. 2008). However, mortality of large trees 
in old- growth stands may be increasing in the 
western United States (van Mantgem et al. 2009), 
with the potential to reduce NPP. Tree mortali-
ty resulting in canopy gaps in older forests may 
either lead to lower rates of C accumulation as 
space is not fully occupied by photosynthesizing 
plants (Coomes et al. 2012), or to greater rates 
because live biomass and NPP recovers quickly, 
while dead biomass decomposes slowly (Luys-
saert et al. 2008). Decomposition rates of stand-
ing dead trees and downed wood differ, so the 
timing of gap events and snag fall rates affect 
stand- level Rh. Several of these hypotheses about 
NPP and stand age focus on absolute tree size as 
well as within- stand relative position (i.e., dom-
inant or subordinate). Despite small increments 
in diameter, individual large trees accumulate 
more mass annually than small trees (Stephen-
son et al. 2014). However, large trees are typically 
less numerous than small trees and take up more 
space within a stand, so C accumulation on an 
area basis may not be that different.

Most of the empirical research on forest C 
stocks and accumulation rates is based on chro-
nosequences, experiments, long- term measure-
ments of a few plots, or one- time inventories. 
Many of these studies are conducted in arche-
typal stands selected to minimize confound-
ing factors, which usually means they are fully 
stocked and have not been disturbed recently 
(Botkin and Simpson 1990). The focus of forestry 
research has often been on the more productive 
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(i.e., economically valuable) vegetation types in a 
region, and many of the experimental studies on 
NPP and succession have been done in relatively 
simple or single- species stands (e.g., Ryan et al. 
2004). As a result, it is not clear how well the pat-
terns and processes found by those studies apply 
to the larger population of forests in a region that 
are rarely fully stocked, occur on a wide variety 
of edaphic conditions, and have likely experi-
enced a number of management, biotic, and abi-
otic mortality events during their development. 
In addition, few landscape and regional assess-
ments of C flux have been based on measured, 
as opposed to modeled, changes in live and dead 
woody C pools.

Our objectives in this study were to assess the 
role of stand age, plant community type, and pro-
ductivity on forest C stocks (excluding organic C 
in mineral soil) and the net changes in woody 
C over a diverse range of forest conditions. We 
analyzed a systematic inventory of National 
Forests in the Pacific Northwest, United States, 
with repeat measurements of most aboveground 
C pools. Previous work with these data summa-
rized regional patterns of C stocks and change ag-
gregated to landscape scales (Gray and Whittier 
2014), while this study is focused on patterns and 
processes related to stand- level attributes. Specif-
ic null hypotheses include: (1) The rate at which 
stands accumulate C stocks, and the  balance of 
tree growth, mortality, and  decomposition, do 

not vary by plant community type and site pro-
ductivity; (2) Most carbon accumulation occurs 
in young stands, and net accumulation in old- 
growth stands is essentially zero; and (3) Small 
trees contribute as much to the change in live C 
stocks within stands as do large trees. We focus 
on the dynamics of relatively undisturbed stands 
(i.e., no logging or fire between measurements), 
but also provide some comparisons with all 
stands in the region combined to determine the 
net effects of disturbance.

Methods

Study area
We assessed C stocks and their change on 

the 9.1 million ha of forested federal land ad-
ministered by the Pacific Northwest (PNW) 
Region of the National Forest System (NFS). 
These lands are found primarily in the states 
of Oregon and Washington as well as parts of 
California and Idaho, USA, between 41.8 ° and 
49.0° N latitude and 116.3 ° and 124.7° W lon-
gitude. NFS lands in this region occur in a 
great variety of conditions, with annual pre-
cipitation ranging from 25 to over 350 cm, mean 
annual temperature from −1 to 12 °C, and el-
evations from 0 to 3300 m above sea level 
(Franklin and Dyrness 1973). We grouped in-
dividual plots into 10 plant association zones 
(PAZs; Table 1) designated by the climax tree 

Table 1. Area and key characteristics of forested plots on Pacific Northwest national forests by climax plant 
association zones (PAZs). PAZs are sorted from lowest estimated mean carbon density (Mg/ha) to highest.

Climax PAZ Code N plots Area 
(1000 ha)

Reserved 
land (%)

Most common species (ranked)†

Juniperus occidentalis JUOC 118 97 1 JUOC, PIPO
Pinus ponderosa PIPO 1338 1102 2 PIPO
Pinus contorta PICO 441 416 17 PICO, PIPO, LAOC
Pseudotsuga menziesii PSME 1260 1212 16 PSME, PIPO
Abies lasiocarpa ABLA 612 776 40 PSME, ABLA, PIEN, PICO
Abies concolor and 
A. grandis

ABCOGR 1745 1669 14 PSME, ABCOGR, PIPO

Tsuga mertensiana and 
subalpine parkland

TSMEpark 618 924 63 TSME, ABAM, ABMAS, ABLA, 
PSME

Lithocarpus densiflorus LIDE3 186 229 35 PSME, LIDE3, ARME
Tsuga heterophylla and 
Picea sitchensis

TSHEPISI 1691 1742 16 PSME, TSHE

Abies amabilis ABAM 758 910 35 ABAM, TSHE, PSME

Notes: †Listed most common species make up at least 80% of the live tree carbon in a climax zone. In addition to the species 
names and codes shown in the first two columns: LAOC, Larix occidentalis; PIEN, Picea engelmanii; ABMAS, Abies magnifica var. 
shastensis; ARME, Arbutus menziesii.
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species as classified by field crews using local 
NFS guides (Hall 1998), and assessed geographic 
outliers by examining tree records and over-
laying plot locations with a model of PAZs 
(Henderson 2009). Twenty- three percent of NFS 
forest land was “reserved” (i.e., where man-
agement for production of wood products was 
precluded; 85% of this was designated 
Wilderness) with the majority found in the 
ABLA, TSMEpark, and ABAM zones (Abies 
lasiocarpa, Tsuga mertensiana and alpine park-
lands, and Abies amabilis zones, respectively; 
Table 1).

The data and compilation methods we used for 
this study are similar to those used in Gray and 
Whittier (2014). We summarize the methods that 
were the same and provide full details on calcu-
lations and variables not used in that paper.

Field data
The primary data used in this study were 

collected by the US Forest Service for a strategic 
inventory of vegetation conditions on all NFS 
lands in the PNW Region using a probability- 
based sample design (Max et al. 1996). The 
sample consisted of a systematic square grid 
at a 5.47 km spacing across all lands, and a 
denser grid at a 2.74 km spacing outside of 
designated Wilderness areas, providing a sample 
density of one plot per 3000 and 750 ha, re-
spectively. Plots were installed using the Current 
Vegetation Survey (CVS) design (Max et al. 
1996) between 1993 and 1997 (“time 1”) and 
remeasured between 1997 and 2007 (“time 2”) 
in four spatially-  and temporally balanced pan-
els. The CVS plot remeasurement period ranged 
from 1 to 14 yr with a mean of 7.1 yr. To 
avoid high sample errors associated with esti-
mating annual rates of change from short 
remeasurement periods on small numbers of 
plots, we only used plots from the last three 
panels, which were remeasured more than 2 yr 
after installation. The same grid of points was 
also measured with the nationally standardized 
Forest Inventory and Analysis (FIA) design 
starting in 2001 (USDA Forest Service 2006); 
we applied the FIA land classification distin-
guishing forest from non- forest, and FIA mea-
surements of organic soil horizons (i.e., duff 
and litter depths measured at eight points per 
plot), to the data in this study.

The CVS plot design consisted of a cluster of 
five points within a 1- ha circle, with nested cir-
cular plots of different sizes used to measure live 
and standing dead trees of different sizes. Crews 
sampled downed wood with the line- intercept 
method and estimated line- intersect cover of 
shrub and forb vegetation on a 15.6 m transect at 
each point. Changes in understory biomass ap-
peared unreliable due to changes in vegetation 
protocol (Gray and Whittier 2014); we therefore 
do not report estimates of change in understory 
vegetation C.

Data classification and compilation
There were 8767 plots within NFS lands that 

had forested conditions measured 3 or more 
years apart. Forest land is defined as land areas 
≥0.4 ha that support, or previously supported, 
≥10% canopy cover of trees and were not pri-
marily managed for a non- forest land use. 
Systematically placed plots often straddle dif-
ferent conditions; we only used portions of 
plots classified as forest in our analysis. We 
assigned values for stand age, site index, and 
forest type based on the FIA compilation of 
the FIA sample of the same plot (e.g., Donnegan 
et al. 2008) where available, or from an FIA 
compilation of the first CVS plot measurement 
(Waddell and Hiserote 2005). We estimated site 
productivity in terms of production of wood 
at culmination of mean annual increment (MAI, 
m3·ha−1·yr−1) from the site index tree measure-
ments (Hanson et al. 2002). We identified the 
nature and year of human and natural distur-
bances on each plot from a combination of field 
records and spatial data layers. Most analyses 
in this paper were based on a set of “undis-
turbed” plots that consisted of plots where tree 
cutting or fire had not occurred between mea-
surements (N = 7647).

We used a combination of CVS status codes, 
estimated growth rates, and disturbance infor-
mation to validate changes in individual tree 
status, calculate growth rates, and estimate di-
ameters and heights of trees when they died 
(N = 1 008 943 tree records). Estimates of above-  
and below- ground live tree and standing dead 
tree woody C used the procedures document-
ed in Woodall et al. (2011) and tree foliage and 
coarse- root ratios from Jenkins et al. (2003). 
Above-  and below- ground biomass estimates 
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for standing dead trees were reduced to account 
for decay and proportional bark and branch loss 
from Harmon et al. (2011). A standard “trees 
per hectare” expansion factor derived from the 
appropriate fixed- area plot size was used to 
convert individual live tree and standing dead 
tree C to an area basis (Mg/ha), and to calcu-
late ratios of means for selected tree attributes 
(e.g., growth per tree or per unit basal area). We 
calculated C in downed dead woody material 
(DWM) from line- intercept diameter (for piec-
es >7.6 cm diameter) and counts by diameter 
class (for smaller pieces) using the procedures 
in Woodall and Monleon (2008) and density- 
reduction constants by decay class from Har-
mon et al. (2011). Forest- floor C was calculated 
from the annual FIA duff and litter depth mea-
surements using forest type- specific bulk den-
sities (Woodall and Monleon 2008). Additional 
details on C calculations are found in Gray and 
Whittier (2014).

We calculated three components of change for 
live tree C. “NPPw” consisted of the woody mass 
increment of trees alive at both measurements, the 
increment of trees up to the estimated size and year 
of mortality or harvest, and the size of trees that 
grew over the minimum 2.5 cm DBH threshold 
during the remeasurement interval (equivalent to 
the forestry term “gross growth”). Differences in 
estimates of NPPw among stands should reflect 
differences in NPP, though we did not attempt 
to estimate turnover in foliage and fine roots to 
calculate NPP. The “Mortality” and harvest com-
ponents of change were the estimated mass of 
trees when they died. The net change in live trees 
(∆Live), is NPPw minus mortality (equivalent to 
the forestry term “net growth”). The net change 
in snags (∆Snags) and downed woody material 
(∆DWM) were based on differences in C between 
time 1 and 2 measurements. We refer to the net 
change in all pools (∆Live + ∆Snags + ∆DWM) as 
net change in woody carbon “Net∆Cw”. To put all 
plots on the same footing, components of change 
were annualized (i.e., Mg C·ha−1·yr−1) by dividing 
by the plot measurement interval. Most C results 
are presented on a per unit area basis (Mg C/ha), 
though occasionally we refer to estimates of to-
tal C for a stand type (Tg C). Most available vol-
ume and biomass equations and decay- reduction 
factors are based on limited data with unknown 
bias when applied to regional analyses (Temes-

gen et al. 2015); we did not attempt to incorpo-
rate these additional errors into our sample error 
 estimates.

Statistical analyses
Statistical analyses of survey estimates differ 

from approaches commonly applied to designed 
studies (e.g., ANOVA). We calculated means 
and variances for all values using the equations 
for double- sampling for stratification based on 
sampled condition classes (Cochran 1977, Scott 
et al. 2005). Essentially, stratum weights for 
each plot estimate its proportional contribution 
to the overall population, taking into account 
differences in sampling intensity due to design 
and inaccessible plots, and the variation in re-
motely sensed vegetation attributes, to improve 
the precision of plot- based estimates. Strata were 
defined using national forest boundaries, 
Wilderness boundaries, and classified Landsat 
satellite imagery (Dunham et al. 2002, Homer 
et al. 2004). The ratios of the number of pixels 
in each stratum to the known area of sampled 
NFS lands in each estimation unit were used 
to assign population weights to each plot (e.g., 
MacLean 1972), and ratio estimates (e.g., Mg/
ha) and their variances were calculated using 
the ratio of means estimator (Scott et al. 2005).

Plots are merely samples of forest stands and 
in most cases do not describe the mean and vari-
ance of conditions within a single stand with 
much precision. Therefore, we grouped plots 
with similar stand attributes (e.g., PAZ, MAI, 
stand age) and estimated mean C values using 
ratio of means (e.g., total C in a group of plots 
divided by the total area sampled by that group). 
The statistical significance of estimated means 
and variances was assessed with the Type I error 
for the Z- statistic (Zar 1984). We report most error 
estimates as the 95% confidence interval around 
the mean. We also calculated the Holm–Bonfer-
roni adjustment to estimate the “family- wise” 
error rate for multiple comparisons (Ludbrook 
2000) to identify cases where a value of interest 
that was not within a confidence interval was not 
significant (identified as P′).

We grouped plots within each PAZ into class-
es with similar estimated productivity (i.e., MAI) 
and stand age for analysis and display, based 
primarily on available sample size for most of 
the groups. Three MAI classes described as low, 
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medium, and high grouped plots with MAIs of 
<3.5, 3.5–8.4, and >8.4 m3·ha−1·yr−1, respectively. 
Stand age classes were 0–20, 20–40, 40–60, 60–80, 
80–100, 100–125, 125–150, 150–175, 175–200, 200–
250, 250–300, 300–400, and >400 and  identified by 
the mid- point ages of each class: 10, 30, 50, 70, 
90, 113, 138, 163, 188, 225, 275, 350, 450, respec-
tively (age intervals increase with age because 
precision of stand age estimates and sample 
sizes decline with age). Most analyses present 
empirically based estimates by categories of in-
terest to assess differences in C across a diverse 
region. Alternative analyses applying models to 
continuous variables would require introducing 
a number of assumptions, including the shape of 
the relationships between dependent and inde-
pendent variables, and the nature of the interac-
tions among independent variables. In addition, 
many of the responses (e.g., NPP and changes in 
dead wood with age) do not seem to conform to 
simple linear or nonlinear curves. We provide 
graphs of many of the responses with continuous 
variables in the Appendix for context.

To estimate maximum C stocks for different 
forest conditions and the age at which stands 
attain 75% of the maximum, we regressed total 
C (not including mineral soil) on stand age for 
each PAZ × MAI class group. We used a cumu-
lative two- parameter Weibull model used exten-
sively to model stand- level growth in terms of 
basal area and volume (Curtis 1967, Hanus et al. 
1999): allCdens = exp(a0 + a1 × (stdagea2)) where 
allCdens was total C (Mg C/ha), stdage was stand 
age (yr), and a0, a1, and a2 were parameters to be 
estimated. Modeling was done using proc NLIN 
in SAS (SAS Institute 2008) and data sets were 
restricted to stand age 300 (150 for the PICO—Pi-
nus contorta—PAZ) to avoid problems with ex-
trapolation of models into regions of sparse data. 
Model predictions were compared to splines to 
evaluate potential problems with model fits.

To assess the importance of different sizes of 
live trees to C accumulation, we used absolute 
diameter classes to assess change across the re-
gion, as well as relative diameter classes to as-
sess changes in growth and dominance in stands 
of different ages and on different PAZs, because 
absolute tree sizes varied greatly among for-
est types. Five relative diameter classes (RDCs) 
of equal basal area (m3/ha) were defined on 
each plot, populated with trees of increasing 

 diameter. Growth and mortality rates of absolute 
and relative diameter classes were calculated for 
each class, as well as recruitment from one size 
class into the next through diameter growth. 
Total C changes for absolute diameter classes 
(Mg C·ha−1·yr−1) were calculated by multiplying 
individual tree measurements by their trees- per- 
hectare expansion, summing by diameter class 
per plot, multiplying by plot stratum weights 
to estimate totals by class and estimating means 
by dividing with total (weighted) area sampled. 
Estimating C change for relative diameter class-
es was similar, but compared different metrics 
of occupancy because tree density is commonly 
characterized in a variety of ways (e.g., numbers 
of trees, basal area, crown area, or biomass). For 
example, instead of dividing with area sampled 
as shown above, sums by RDC were divided 
with total (weighted) number of trees to get per 
tree change, or with total (weighted) basal area to 
get per unit basal area change.

Results

The ten PAZs are presented in the results 
sorted from low mean C stocks (Mg C/ha) to 
high, as sampled and estimated in this study 
(Table 1). The lowest- C PAZs tended to be the 
driest and/or highest in elevation. Douglas- fir 
(Pseudotsuga menziesii (Mirbel) Franco) was an 
important or dominant component of many of 
the PAZs (species composition and selected 
attributes by PAZ are shown in Appendix 
Figs. A1 and A2).

Carbon stocks and chronosequence
The maximum mean C stocks (live and dead 

woody pools, tree foliage, understory vegetation, 
and forest floor combined; not including mineral 
soil) and the apparent rate at which it was 
reached varied by PAZ and productivity (MAI) 
class. The Weibull model results identified sig-
nificant differences in the maximum C attainable 
by PAZ × MAI class (Fig. 1). Trends of mean 
C with stand age were not always smooth and 
were affected by sample size for some 
PAZ × MAI class combinations (see Appendix 
Fig. A3). The modeled curves of C up to stand 
age 300 (150 for PICO zone) were able to smooth 
the empirical irregularities comparable to fitting 
splines and identified differences in the 
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maximum attainable C over time (see Appendix 
Fig. A4). Maximum C was significantly greater 
in more productive MAI classes than in less 
productive MAI classes within the ABAM, 
TSHEPISI (Tsuga heterophylla and Picea sitchensis), 
and ABCOGR (Abies concolor and A. grandis) 
PAZs (Z = 1.99, 4.64, and 5.09; Holm–Bonferroni 
adjusted P′ = 0.023, <0.001, and <0.001, respec-
tively), and varied among PAZs. The apparent 
rate of C accumulation (i.e., the steepness of 
the curve) also differed among PAZs, with 
TSMEpark and ABCOGR showing the oldest 
stand age to attain 75% of maximum C, and 
PIPO (Pinus ponderosa) and JUOC (Juniperus 
occidentalis) zones the youngest (Z = 5.12, 
P′ < 0.001; Table 2). The mean stand age re-
quired to reach the 75% level across PAZs was 
127 ± 35 yr (95% confidence interval).

The proportion of total C in different pools var-
ied significantly among PAZs and was likely af-
fected by inherent differences in vegetation types 
as well as differences in recent and past distur-
bance and logging. Most of the non- mineral soil 
forest C was in the live tree pool, which showed 
the greatest differences in C among PAZs as indi-
cated by their 95% confidence intervals (Fig. 2A). 
The largest C stocks were found in the TSHEPISI 
and ABAM zones, and were more than twice as 
high as the those of the five lowest- density zones 
(Z = 4.49, P′ < 0.001). The ABAM zone tended to 
have older stands (median = 137 yr), while the 

TSHEPISI zone tended have stands with higher 
estimated MAI (median = 8.9 m3·ha−1·yr−1), than 
other PAZs (medians = 94 yr and 4.6 m3·ha−1·yr−1; 

Fig. 1. Predicted maximum non- mineral soil 
carbon at stand age 300 (150 for PICO) by plant 
association zone (PAZ; see Table 1) and MAI class. 
Bars are 95% confidence intervals around the mean.

Table 2. Predicted age at which stands attain 0.75 of 
maximum non- mineral soil C, by plant association 
zone (PAZ), with 95% confidence interval.

PAZ Age (yr) 95% CI

JUOC 62 ±26
PICO 72 ±14
PIPO 94 ±12
LIDE3 110 ±83
TSHEPISI 126 ±36
ABLA 130 ±27
ABAM 141 ±47
PSME 158 ±31
ABCOGR 176 ±35
TSMEpark 196 ±42

Note: High- MAI classes excluded for PIPO, PSME, and 
ABLA due to low N. PAZs sorted from low age to high.

Fig. 2. Distribution of (a) mean carbon by plant 
association zone, and (b) proportion of total carbon by 
non- live tree pool type and plant association zone. 
Bars are 95% confidence intervals around the mean.
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see Appendix Fig. A2). The proportion of total 
stand C in the non- live tree pools differed by 
PAZ as well (Fig. 2B), with the lowest propor-
tions (0.2–0.35) found in the four PAZs with the 
greatest mean C (Z = 1.93, P′ = 0.027). Propor-
tions of total C in dead wood (snags and downed 
woody material (DWM)) were highest in the 
PICO and ABLA zones (0.31 and 0.24, respective-
ly). In much of the region, Pinus contorta Dougl. 
ex Loud. (lodgepole pine) and Abies lasiocarpa 
(Hook.) Nutt. (subalpine fir) have experienced 
elevated mortality in recent years from mountain 
pine beetle (Dendroctonus ponderosae (Hopkins)) 
and western spruce budworm (Choristoneura oc-
cidentalis Freeman), respectively. Proportions of 
total stand C in dead wood ranged between 0.1 
and 0.2 in the other PAZs.

The C stocks (Mg C/ha) of dead wood differed 
by stand age and management history, but the 
patterns were similar among PAZs, so we com-
bined them for analysis (see Appendix Fig. A5 
for chronosequences by PAZ and C pool). For 
plots with no record of tree cutting within 40 yr 
prior to measurement, C in standing dead trees 
(snags) was greater than in DWM for stands 
0–20 yr old, but the reverse was true for stands 
20–80 yr old as indicated by confidence intervals 
(Fig. 3). In contrast, in stands with any level of 
cutting within 40 yr, C in DWM was greater than 
in snags for all stand ages. C in DWM appeared 

similar between cut and uncut stands 60–300 yr 
of age, but C in snags was lower in cut than un-
cut stands for all age classes. Dead wood C (i.e., 
snags + DWM) was greater in stands >200 yr old 
than in younger stands (Z = 14.9, P < 0.0001). We 
expected that young stands <20 yr old that did 
not originate from harvest would have great-
er amounts of dead wood (snags and downed 
wood), and that they would be comparable to 
the live tree amounts in older stands from which 
they might have originated. When we removed 
sparse and non- stocked stands with no record 
of natural disturbance from the young- stand 
set, snag and DWM C stocks were higher than 
with the undisturbed young stands included 
(25 ± 3.3 and 9.5 ± 1.6 Mg C/ha for downed wood 
and snags, respectively), but the combined total 
(35 Mg C/ha) was still smaller than the mean live 
tree stocks for most PAZs.

Controls on carbon accumulation rates
On average, forests in all PAZs accumulated 

C on a net basis (Net∆Cw > 0), except for JUOC 
and PICO (Z = 0.13, P = 0.45 and Z = 1.50, 
P = 0.067, respectively; Fig. 4). Net∆Cw tended 
to be greater on PAZs with greater current C 
(Pearson r = 0.86), but there were notable ex-
ceptions. For example, Net∆Cw was lower in 
the ABAM zone than in the TSHEPISI zone 
(Z = 2.58, P′ = 0.020), and was lower in the 
TSMEpark zone than in the ABCOGR zone 
(Z = 2.39, P′ = 0.026). Stands in the ABLA zone 
experienced a net loss in live tree C on average 
(Z = 3.20, P′ = 0.005). Some of the patterns are 
likely due to small- scale disturbance, with most 
C pools showing gains on forests that were 
not cut or burned (“undisturbed”) between 
measurements (Fig. 4). The net change in live 
tree C was greater in the undisturbed forests 
than for all forests, and dominated the gains 
in all PAZs except for the PICO, ABLA, and 
ABCOGR zones, where large proportions of the 
gain in C (>0.4) was due to increases in downed 
wood. The net loss of snag C and gain of 
DWM C in the undisturbed PICO zone forests 
are suggestive of a prior disturbance pulse in 
a large number of stands (possibly due to 
mountain pine beetle) where snags fell and 
added to the downed wood pool.

C accumulation rates varied significantly with 
stand age. Rates of change with age for individual 

Fig. 3. Mean carbon in dead wood by stand age for 
standing dead trees (“snags”) and down woody 
material (DWM), shown for forested plots with and 
without records of tree cutting (“harvest”) within 40 yr 
prior to measurement. Bars are standard errors around 
the mean.
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PAZ by MAI class groups indicated differences in 
the age at which ∆Live and Net∆Cw peaked and 
whether or how much they declined with age 
(Appendix Fig. A5). MAI class was the dominant 
effect on the patterns of Net∆Cw with stand age, 
so we aggregated plots by MAI class and stand 
age for further analysis. NPPw increased to a pla-
teau at the 80–100 yr age class on low MAI sites, 
rose more quickly to plateau in the 20–40 yr class 
on medium MAI sites, and peaked in the 20–60 yr 
ages and fell by ~33% in older stands on high- MAI 
sites (Fig. 5). Means with confidence intervals that 
did not overlap zero were also significantly dif-
ferent from zero in the Holm–Bonferroni tests ex-
cept in the one case noted below. Mortality rates 
for the medium and high- MAI classes increased 
slowly but steadily as stand age increased, even-
tually matching the rates for NPPw. Consequent-
ly, ∆Live was not significantly different from zero 

for stands over 250 yr old for these two groups. 
For the low MAI class group, although the ef-
fect of the rate of C change due to mortality was 
more variable (plateauing in the 100 to 300 yr old 
stands, increasing sharply then dropping again), 
∆Live was not significantly different from zero for 
most stand age classes over 175 yr old.

The rates of change in the dead wood C pools 
varied less with stand age than live trees, result-
ing in less effect on the pattern of Net∆Cw with 
stand age. ∆Snag was negative in stands <20 yr 
old in all MAI classes but was variable and com-
monly not significantly different from zero in 
older stands. ∆DWM was significantly positive 
in most of the 75–200 yr ages for low and me-
dium MAI site classes. On high- MAI site class-
es, ∆DWM was significantly negative for stands 
0–60 yr of age; many stands likely originated 
from clearcuts, with little wood input from snags 
and small live trees to balance decomposition.

For all woody C pools combined, Net∆Cw was 
positive in stands 20–175 yr old on all sites, but 
was mostly not different from zero in stands <20 
and >200 yr of age as indicated by the confidence 
intervals (except for the high- MAI value for 300–
400 yr old stands, where P′ = 0.074), though the 
mean values tended to be >0 and not less. For the 
combined set of undisturbed stands across all 
MAI classes, Net∆Cw was significantly >0 for all 
age classes except for the youngest (<20 yr) and 
oldest (≥400 yr) stands. The Net∆Cw rate for the 
≥400 yr age class was 0.15 ± 0.64 Mg C·ha−1·yr−1 
(95% confidence interval; Z = 0.47, P′ = 0.64). 
In age classes between 200–400 yr old, C accu-
mulation was modest, but significant (0.34–
0.70 Mg C·ha−1·yr−1; P′ < 0.001 for 200–250 yr, 
P′ = 0.044 for 250–300 yr, and P′ = 0.041 for 300–
400 yr age classes).

Tree size effects
Most of the accumulation of C in undisturbed 

stands across the study region was in the small-
est tree sizes, reflecting in part their greater 
abundance compared to larger trees. Trees 
<50 cm DBH at time 1 accounted for 69% of 
the NPPw and 87% of the ∆Live during the 
growth periods covered by the study (Fig. 6). 
NPPw of the largest- diameter trees was offset 
by mortality, with ∆Live significantly <0 for 
trees 100–150 cm DBH at time 1 (Z = 3.86, 
P′ = 0.002), and not different from zero for trees 

Fig. 4. Annual net change in C by pool and 
combined (Net∆Cw) by each plant association zone, 
for all forests and for undisturbed (not burned or cut 
during the measurement interval) forests only. Bars 
are 95% confidence intervals for Net∆Cw. Positive 
numbers are net gain, negative are net loss.
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>150 cm DBH. Nevertheless, C stocks in large 
trees (and all size classes >25 cm DBH) increased 
in undisturbed stands due to recruitment from 
smaller size classes (P′ < 0.033 for each). The 
increase in C in large trees also held true when 

disturbed stands were included (P′ < 0.027 for 
each), although increases were proportionately 
lower, particularly in the smaller tree sizes.

Determining which size classes of trees within 
undisturbed stands account for most of the annu-

Fig. 5. Annual changes in carbon in undisturbed stands by MAI class and stand age. Live tree components 
of change are on the left; change in snags, down wood and all woody pools combined (Net∆Cw) are shown on 
the right. Bands are 95% confidence intervals around the mean. Scale differs among MAI classes.
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al C accumulation depends on how occupancy, or 
the space used by each tree, is defined. Each rela-
tive diameter class made up 20% of the basal area 
(m2/ha) in each plot; summaries across groups of 
plots therefore describe the relative contributions 
of different within- stand sizes of trees. Across the 
study area, NPPw in undisturbed stands was even-
ly distributed among the first four relative diam-
eter classes (RDCs) but was lowest for the largest 
size class (Z = 13.3, P′ < 0.001; Table 3). Patterns in 
∆Live with RDC were similar, but ∆Live was ap-
proximately half (49–54%) of NPPw for the first 
four classes, but only a third (32%) of NPPw for the 
largest tree size class, indicating a greater effect of 
mortality on live C stocks in the largest class. To 
examine trends of NPPw with RDC using addition-
al metrics of abundance (besides equal groupings 

of basal area), we calculated ratios of means using 
sums of growth divided by sums of tree density, C 
mass, crown area, and basal area per RDC (Fig. 7). 
As expected, NPPw increased significantly with 
RDC on an individual tree basis. On an estimated 
crown- area basis, NPPw also increased with tree 
size, but the differences among tree sizes were less 
than on a per tree basis and the largest tree sizes 
were more similar to each other (though still sig-
nificantly different; Z = 2.07, P′ = 0.019) than were 
the smallest tree sizes with each other. As dis-
cussed above but expressed in different units to aid 
comparison, on a per unit basal area basis NPPw 
was lower for the largest trees than for the first 4 
RDCs. Finally, on a mass basis (analogous to rela-
tive growth rate), smaller trees in stands had great-
er rates of NPPw per unit mass than large trees.

Fig. 6. Change in mean live tree carbon by tree size class across the region, showing NPPw, ∆Live, and net 
change (growth into and out of a class plus ∆Live) for undisturbed stands and for all stands. Inset graph 
expands vertical scale for large trees. Bars are 95% confidence intervals around the mean.

Table 3. Mean net primary production (NPPw) and net change in live trees (∆Live) on undisturbed stands, by 
within- stand relative diameter class (and 95% confidence interval).

Diameter class Mean DBH (cm) NPPw (Mg C·ha−1·yr−1) ∆Live (Mg C·ha−1·yr−1)

1 8.2 0.38 (0.007) 0.19 (0.011)
2 20.9 0.42 (0.008) 0.23 (0.012)
3 28.8 0.41 (0.008) 0.22 (0.014)
4 37.1 0.37 (0.008) 0.18 (0.015)
5 50.5 0.30 (0.007) 0.10 (0.016)

Note: Each class made up 20% of the basal area (m2/ha) on each plot; mean DBH is shown for all trees in each class on all plots.
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The patterns of NPPw by RDC we found for all 
stands (described above; Table 3) were similar to 
those among PAZs (not shown) and MAI classes 
on undisturbed plots (Table 4). ∆Live rates, how-
ever, were highest for the three intermediate RDCs 
on high- productivity MAI class sites (Z = 3.06, 
P′ = 0.001), but declined with increasing tree size 
on the low- productivity MAI class sites (RDCs 2–4; 
Z = 2.78, P′ = 0.003), indicating disproportionately 
higher mortality in large trees on low- productivity 
sites. Differences in NPPw by RDC varied among 

age classes as well. Except for stands <20 yr old, 
some of which were a combination of large old trees 
and younger regeneration, the majority of the NPPw 
per unit basal area shifted from large tree to small 
tree basal area groups as stand age increased (Fig. 8).

Discussion

Chronosequences of carbon stocks
C stocks and accumulation rates varied sig-

nificantly among PAZs and site productivity 

Fig. 7. Patterns of NPPw for different sizes of trees 
in within- stand relative diameter classes, using 
different variables as a basis for density, including 
individual trees, mass, basal area, and crown area, and 
showing ∆Live for the basal area metric. Only 
undisturbed stands were used. Bars are 95% confidence 
intervals around the mean.

Table 4. Mean growth (NPPw) and net growth (∆Live, growth minus mortality) per unit basal area of live trees 
by within- stand relative diameter class and MAI class, in undisturbed stands. Values are in Mg C·ha−1·yr−1 per 
m2 of basal area, with 95% confidence intervals in parentheses.

Within- stand relative 
diameter class

MAI class (m3·ha−1·yr−1)

<3.5 3.5–8.4 >8.4

NPPw
1 0.0173 (0.0006) 0.0226 (0.0006) 0.0298 (0.0010)
2 0.0182 (0.0007) 0.0252 (0.0006) 0.0337 (0.0010)
3 0.0172 (0.0006) 0.0241 (0.0006) 0.0329 (0.0011)
4 0.0160 (0.0007) 0.0217 (0.0006) 0.0308 (0.0011)
5 0.0132 (0.0006) 0.0173 (0.0006) 0.0254 (0.0010)

∆Live
1 0.0098 (0.0009) 0.0109 (0.0009) 0.0134 (0.0017)
2 0.0097 (0.0010) 0.0123 (0.0011) 0.0200 (0.0018)
3 0.0076 (0.0011) 0.0122 (0.0012) 0.0206 (0.0020)
4 0.0051 (0.0014) 0.0099 (0.0013) 0.0186 (0.0022)
5 −0.0006 (0.0017) 0.0051 (0.0013) 0.0137 (0.0022)

Fig. 8. NPPw per unit basal area by within- stand 
relative diameter class and stand age class in 
undisturbed stands. Bars are 95% confidence intervals 
around the mean.
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(MAI) classes. Predictably, the highest C stocks 
were in zones with abundant precipitation and 
moderate temperatures, but regional disturbance 
history had a role as well, with higher C stocks 
in the ABAM zone than the TSHEPISI zone, 
where site productivity was greater but stands 
were younger. Comparing mean current C stocks 
in the study area (157 Mg C/ha, or 1428 Tg 
total; not including mineral soil) with the es-
timated mean maximum from the oldest stands 
in each PAZ × MAI class (252 Mg C/ha, 2282 Tg 
total) suggests these forests currently store 63% 
of their potential maximum C. Of course even 
without harvest the maximum would never be 
reached across a region because of natural dis-
turbances (e.g., severe wildfires, wind storms, 
and landslides; Smithwick et al. 2002), but under 
current management and disturbance regimes 
continued accumulation is likely. We do not 
consider C produced by the forest but stored 
off- site in buildings and landfills, or any energy 
or construction substitutions from use of wood 
products that might apply in some accounting 
approaches; comparisons with in- forest C stor-
age are sensitive to assumptions about baselines, 
leakage, and disturbance regimes (e.g., McKinley 
et al. 2011). The maximum estimated C stocks 
for vegetation types found west of the Cascade 
crest from our study (<400 Mg C/ha for LIDE3 
(Lithocarpus densiflorus), TSHEPISI, ABAM, and 
TSMEpark PAZs) are substantially lower than 
the >600 Mg C/ha (excluding mineral soil) from 
westside research plots in Smithwick et al. 
(2002), but similar to estimates for live trees 
by Raymond and McKenzie (2013), which was 
also based on forest inventory data. Across all 
forest PAZ × MAI classes, stands attained 75% 
of their estimated maximum C by age 127 yr. 
This and changes in ∆Live with stand age in-
dicate that the speed and amounts of potential 
future annual C accumulation are greatest for 
forests with a large proportion of young stands, 
and that the potential for additional accumu-
lation declines substantially as forests mature 
and stocks approach their maximum carrying 
capacity.

The contribution of dead wood to total C stocks 
varied among PAZs and did not match the ex-
pected chronosequence pattern well. The lowest 
proportions of total C in dead wood pools were 
found in the most productive PAZs. Differences 

in species’ decomposition rate, susceptibility to 
insects and disease, or recent disturbance regimes 
may be responsible for higher dead wood pro-
portions in less productive zones. Our chronose-
quence results of dead wood C did not  follow a 
well- defined U- shaped curve of dead wood with 
stand age following stand- replacement fire in 
mature forests (Harmon et al. 1986). Dead wood 
C in young naturally disturbed stands is primar-
ily determined by the live trees in the predis-
turbance stands, yet dead wood C in our study 
was lower in the youngest stands (<20 yr) than 
the live tree C in mature stands. Low C stocks in 
dead wood may be due to prior salvage- logging 
or the tendency for fires to burn at highest in-
tensity in stands that are sparse to begin with 
(Azuma et al. 2004). Indeed, most of the unman-
aged and burned stands in this study were in 
the low- productivity ABLA, PICO, PIPO, and 
PSME (Pseudotsuga menziesii) zones. Our analysis 
is probably not an appropriate chronosequence 
for dead wood because stands that began with 
different amounts of legacy wood were mixed 
together. The chronosequence did suggest a slow 
accumulation of dead wood in stands continuing 
past age 200 yr, which was also seen in the net 
change analysis. Stands with recent harvest had 
fewer snags than unharvested stands for all age 
classes, which could reflect less mortality due to 
reduced live tree density, or the felling of poten-
tially hazardous snags in cutting units.

The value of a study based on a probabilistic 
forest inventory sample is that the scope of in-
ference is well defined and results apply to all 
forests in the population of interest, albeit for 
a defined and relatively short period of time. 
Few studies have analyzed the components of 
change in live and dead C pools using repeat 
field measurements and design- based inference 
across the diverse set of ecosystems and stand 
conditions found here. One of the challenges of 
working with these data is that the large diver-
sity of vegetation types and conditions does not 
always conform to simple conceptions of vege-
tation development. While the conceptual model 
of secondary succession is useful, many forests 
do not develop from a stand- replacing event 
without subsequent disturbance. Fire, cutting, 
or insect outbreaks can thin the original, or old-
est tree cohort, allowing new trees to establish. 
These cohorts can rarely be distinguished by 
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diameter alone, and the concept of “stand age” 
becomes tenuous. In these situations, the ages 
of the dominant trees reflect neither the time of 
stand origin or the last major disturbance, but 
a combination of events (“uneven aged” in for-
estry terminology). While the stand age estimate 
reflects the importance of the oldest trees, it often 
does not mean development of an “even aged” 
stand experiencing few mortality events since 
stand origin (J. T. Stevens et al. in press). Indeed, 
the notion of undisturbed old- growth stands is 
somewhat artificial, given that both understory 
reinitiation and the old- growth stage are charac-
terized by gap dynamics; i.e., periodic mortality 
events affecting the dominant trees in a stand. 
Stand age and even site index may also not be 
as meaningful in harsh environments where 
snow or rock may limit stand development more 
than time since disturbance. For example, stands 
in the environmentally harsh ABLA and JUOC 
zones in this study did not show much pattern of 
C stocks or accumulation rates with stand age. In 
addition, site index and MAI estimates are based 
on a few commercial species in “fully stocked” 
stands, and are therefore rough approximations 
for non- commercial forest types (Hanson et al. 
2002), and sites where substrate or drought con-
ditions limit stands from ever attaining “full 
stocking” (Cochran et al. 1994). We believe that 
stand age and MAI are still useful concepts, but 
additional information on disturbance and man-
agement history and site edaphic conditions 
could improve our understanding of forest C ac-
cumulation potential.

Carbon accumulation rates
Overall, we found stability and perhaps 

slight increases in measured aboveground C 
pools in undisturbed old- growth forests. Live 
tree C accumulation rates measured as NPPw 
were not lower in old stands than in young 
stands on low and moderate productivity 
sites, but were approximately one- third lower 
on the most productive sites. Speculation on 
why NPPw apparently declined with age on 
high- productivity sites and not lower- 
productivity sites could include some of the 
mechanisms mentioned in the introduction, 
as well as the possibility that many of the 
productive stands <40 yr old were planted 
and tended and are more densely stocked 

than older stands. Our results suggest that 
declines in forest Net∆Cw with stand age had 
little to do with declines in NPPw, and were 
primarily due to increases in heterotrophic 
respiration as stands became fully occupied 
and large trees began to die and transition 
to dead wood (Coomes et al. 2012, Xu et al. 
2012, Foster et al. 2014).

We did not see the ~2 Mg C·ha−1·yr−1 of total C 
accumulation (Net∆Cw) in old- growth stands in-
dicated by Luyssaert et al. (2008). Although dead 
wood pools seemed to increase in older stands, 
overall net increases in measured pools in our old-
est (>400 yr old) stands were 0.15 Mg C·ha−1·yr−1 
and not significantly different from zero. Our 
findings of a rough balance between change in 
live and dead C also do not support Luyssaert 
et al.’s (2008) suggestion that positive accumula-
tion rates in old- growth were due to slow decom-
position of dead wood and fast recovery of living 
vegetation from gap events. It is possible that 
some old- growth forests that are intact or recov-
ering from prior gap disturbances are accumulat-
ing C at high rates, while others are experiencing 
gap events and losing C. Indeed, Wharton et al. 
(2012) found high variation in eddy- flux covari-
ance measurements of C accumulation rates in 
an old- growth Pseudotsuga menziesii- Tsuga hetero-
phylla forest around a mean of 0.5 Mg C·ha−1·yr−1. 
This was in the range we found for 200–400 yr 
old stands (0.34–0.70 Mg C·ha−1·yr−1), suggesting 
a potentially large and sustained C sink as forests 
continue to age under current management and 
disturbance regimes.

There are a number of challenges to estimat-
ing C stocks and change accurately. It is possible 
that we would have more definitive estimates 
with longer remeasurement time spans and/
or measurements of changes in the forest floor 
and mineral soil C pools. Soil C research in the 
region has suggested that C in the mineral soil 
does not change greatly with stand development, 
but C does accumulate in the litter and humus 
layers (Homann et al. 2005, Giesen et al. 2008). 
Much of the uncertainty and discrepancy among 
different published estimates of total ecosystem 
C accumulation rates may be due to assump-
tions with respect to soil processes (McKinley 
et al. 2011). Although we do not have age-  and 
PAZ- appropriate estimates of leaf and fine root 
turnover for a complete assessment of NPP, there 
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is little reason to think that we would find sub-
stantially different patterns between NPPw and 
overall NPP (e.g., Kira and Shidei 1967, Ryan 
et al. 2004). The scope and applicability of avail-
able volume and biomass equations applied to 
regional analyses is unknown, though initial 
work is being done to address this (e.g., Temes-
gen et al. 2015). In particular, a single value is 
usually used to estimate the proportion of total 
tree biomass in coarse roots for a species, regard-
less of tree size or growing conditions, due to a 
lack of empirical information. Since proportional 
allocation of plants to below- ground structures 
usually increases as soil resources become more 
limiting (e.g., Santantonio and Hermann 1985), 
it is likely that the differences in above- ground 
NPPw among vegetation types we report are 
greater than if we had better information on 
below- ground allocation.

Role of tree size
Most of the C accumulation in the region 

was due to the NPPw of the smallest tree sizes 
(<50 cm DBH). Although large trees (>100 cm 
DBH) that remained alive did accumulate C 
(Stephenson et al. 2014), the change in live tree 
C due to mortality was greater for large trees 
than for smaller trees, with the net effect being 
a loss of live C or change not significantly 
different from zero. This should be expected 
since most living organisms grow large or old 
and eventually die. However, over this time 
period, the region was gaining C in large trees 
as trees from smaller sizes grew into larger 
sizes, more than replacing the live C lost from 
mortality. So despite apparent increases in mor-
tality over time in the western USA (van 
Mantgem et al. 2009), and shifts in tree species’ 
ranges on the west coast (Monleon and Lintz 
2015), on balance these National Forest lands 
are gaining large trees. The change in large 
trees holds whether assessing all stands or only 
undisturbed stands, as mortality from fires and 
logging during this period disproportionately 
killed smaller trees. This is also not too sur-
prising given the reduction in logging and shift 
in emphasis to restoration treatments on PNW 
national forests, and the low rates of intense 
wildfire on forestland (Moeur et al. 2011, Gray 
and Whittier 2014, T. R. Whittier and A. N. 
Gray 2016). Growth rates of large trees may 

be under- estimated, however, given the lack 
of data from large trees used in existing bio-
mass equations (Temesgen et al. 2015), the use 
of diameter and height to predict biomass 
change, and the finding that some old trees 
accumulate more biomass on upper stems than 
at DBH (i.e., change taper; Sillett et al. 2010).

We found that larger individual trees do ac-
cumulate more C per tree than smaller trees, as 
has been found in other studies (e.g., Stephen-
son et al. 2014). Determining which sizes of trees 
within a stand accumulate more C per unit land 
area occupied turned out to depend greatly on 
the definition of occupancy. On a basal area ba-
sis (the most common density metric in forestry), 
NPPw per unit basal area in the largest tree class 
was 76% of the mean of the smaller size classes; 
the differences were even more pronounced on 
a mass basis. On an estimated crown- area basis, 
however, NPPw of the largest size class was simi-
lar to medium sizes and greater than the smallest 
sizes. The proportion of overall NPPw accumu-
lated by smaller trees increased as stand age in-
creased. This is counter to the expected decline in 
growth efficiency as more trees in a stand become 
non- dominant (Binkley 2004). The difference 
might be that many natural stands have multi-
ple species with multiple resource tolerances 
and that over time stands become more spatially 
heterogeneous and multilayered and use space 
more efficiently, with large amounts of foliage in 
upper and lower layers of stands (Van Pelt and 
Nadkarni 2004). Indeed, in mixed- species stands 
it can be the understory trees that respond the 
most with growth after disturbance events (Gray 
et al. 2012).

Conclusions

Analyses of probabilistic inventories of large 
areas of forest land are not only important 
for estimating C stocks and flux (e.g., Coulston 
et al. 2012), but can also provide insights 
into the ecological drivers behind the vege-
tation patterns seen across a region. These 
systems of permanent plots capture most of 
the range in site conditions, stochastic events, 
and stand structure at a finer resolution than 
is possible through other means. While in-
ventory plots are not designed for intensive 
process- level studies, any improvements in 
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site- specific information on disturbance and 
management history, microclimate, and 
edaphic conditions will improve our ability 
to interpret the vegetation changes that are 
measured. Revisiting our first hypothesis, we 
found that while forests in our region are 
accumulating woody C, the variation in ac-
cumulation rates is high and readily explained 
by differences in site productivity and stand 
age. Similarly, the potential C stocks in old- 
growth forests vary significantly by vegetation 
type and site productivity. Maintaining or 
increasing C stocks on the land is one of 
many management goals, but specific infor-
mation on stocks and fluxes related to veg-
etation characteristics used in management 
could be helpful. With regard to the second 
hypothesis, our results suggest that the decline 
in C accumulation (Net∆Cw) with stand age 
was not due to a decline in tree growth (NPP), 
although some reduction in NPP on produc-
tive sites may have played a role; declines 
in Net∆Cw were primarily related to increased 
decomposition- related losses of dead wood. 
We found that net C accumulation of wood 
in old (>200 yr) stands was low and indis-
tinguishable from zero in the oldest (>400 yr) 
stands, but the dead wood pool may be where 
any increased accumulation is ending up in 
this age class. Finally, our analyses suggested 
that small trees play an important role in 
overall C accumulation, but that the C stored 
in large trees continues to increase in our 
region.
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