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PETER GOLDMARK 
Commissioner of Public Lands 


August 1, 2012 
 
 
MEMORANDUM 
 
TO:  Forest Practices Board 
 
FROM: Darin Cramer 


Forest Practices Division Manager 
 
SUBJECT: Timeline of Board Actions Related to 2ESSB 6406  
 
At your May 8, 2012 meeting, I reported on the passage of Second Engrossed Substitute Senate Bill 
6406. This legislation integrated the hydraulic project approval for certain forestry-related hydraulic 
projects into the forest practices application (FPA) review process. Among other changes in law, it 
also: 


• Added a year to the effective duration of an FPA; 
• Extended the FPA review period from 30 days to 60 days in order to incorporate a Washington 


Department of Fish and Wildlife (WDFW) concurrence review process; and 
• Directed the Board to establish and maintain technical guidance in the Forest Practices Board 


Manual. This guidance must include best management practices and standard techniques to 
ensure fish protection. 


 
The legislation states that the Board must incorporate the fish protection standards under chapter 77.55 
RCW into the forest practices rules and complete the board manual by December 31, 2013. We 
prepared the enclosed document showing the explicit deadlines in the legislation for the Forest 
Practices Board, the Department of Natural Resources, and WDFW, and a proposed timeline for 
related Board actions. 
 
The first Board action shown on the timeline is to consider initiating rule making to add a year to the 
effective duration of an FPA (see July 26, 2012 memorandum to the Board from Gretchen Robinson, 
“Rule Making Related to Conversions and Forest Practices Applications”). The remainder of the 
timeline shows a plan for accomplishing the remaining actions by May 2013.  
 
I will answer any questions you may have at your meeting on August 14. 
 
Enclosure:  Timeline of Actions Due Related to 2ESSB 6406 
 
 







Timeline of Actions Due Related to 2ESSB 6406 
Forest Practices Board – August 2012 


 
Deadlines specified in legislation 
Forest Practices Board 


• By 12-31-13, incorporate existing fish protection standards in chapter 77.55 RCW into the forest 
practices rules. 


• By 12-31-13, establish technical guidance in a new Board manual section. 
Department of Natural Resources (DNR) 


• By 12-31-12, enter into MOA with WDFW describing how to implement integration of HPAs into 
FPAs. 


• By 12-31-13, develop and maintain examples of high quality FPAs for DNR and Office of 
Regulatory Assistance websites. 


• By 9-1-14 and by 9-1-16, jointly (with WDFW) report findings and recommendations regarding 
regulatory integration to legislature. 


Washington Department of Fish and Wildlife (WDFW) 
• By 12-31-13, adopt rules establishing procedures for a concurrence review process. 
• By 12-31-12, enter into a memorandum of agreement (MOA) with DNR describing how to 


implement integration of HPAs into FPAs. This will be followed by an interagency contract. 
• By 9-1-14 and by 9-1-16, jointly (with DNR) report findings and recommendations regarding 


regulatory integration to legislature. 
 


Timeline for Board Activities 
8-14-12 8-14-12 to 


11-13-12 
11-13-12 to 
2-13-13 


2-13-13 to 
5-8-13 
 


 
8-14-12 Board 
action: Approve 
CR-102 for 3-year 
FPA effective term. 
 


 
Sept. 2012 : Board conducts rule hearing(s)  
 
11-13-12 Board action: 
Adopt rules for 3-year FPA effective term (CR-103). 
 
DNR convene stakeholders and begin drafting new Board 
manual containing hydraulic project technical guidance. 
 
DNR report Board manual status to Policy Committee. 
 
DNR (with WDFW involvement) draft forest practices rules 
per 2ESSB 6406: 
• Incorporate by reference existing chapter 77.55 RCW fish 


protection standards; 
• Reference concurrence review procedures per Sec. 202 of 


2ESSB 6406; 
• Specify procedures will take effect upon the effective date 


of WDFW rules establishing procedures for concurrence 
review process per Sec. 201 of 2ESSB 6406; 


• Add name of new Board manual to WAC 222-12-090. 


Cost-benefit analysis and SEPA analysis are not required 
for this rule making per Sec. 203 of 2ESSB 6406. 


 


 
 
 
 
 
 
Complete DRAFT Board manual. 
 
 
Policy Committee review draft 
Board manual and rules (Dec. 
2012 Policy meeting). 
 
2-13-13 Board action: Approve 
CR-102 for forest practices rules 
per 2ESSB 6406. 
 


 
 
 
 
 
 
Complete FINAL Board 
manual.  
 
 
 
 
 
March 2013: Board 
conducts rule 
hearing(s) 
 
5-8-13 Board actions: 
• Adopt rules to 


incorporate HPA 
(CR-103). 


• Approve Board 
manual. 


 
 


 





		2ESSB 6406 Timeline Cover-Cramer

		2ESSB 6406 Timeline-Attachment
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FOREST PRACTICES BOARD 1 
REGULAR BOARD MEETING 2 


May 8, 2012 3 
Natural Resources Building 4 


Olympia, Washington 5 
 6 
Members Present 7 
Bridget Moran, Chair of the Board, Department of Natural Resources 8 
Bill Little, Timber Products Union Representative  9 
Bob Guenther, General Public Member/Small Forest Landowner  10 
Carmen Smith, General Public Member/Independent Logging Contractor 11 
Dave Somers, Snohomish County Commissioner  12 
David Whipple, Designee for Director, Department of Fish and Wildlife  13 
Norm Schaaf, General Public Member 14 
Paula Swedeen, General Public Member  15 
Phil Davis, General Public Member 16 
Jaclyn Ford, Designee for Director, Department of Agriculture 17 
Tom Laurie, Designee for Director, Department of Ecology 18 
 19 
Members Absent: 20 
David Herrera, General Public Member  21 
Mark Calhoon, Designee for Director, Department of Commerce 22 
 23 
Staff  24 
Darin Cramer, Forest Practices Division Manager 25 
Marc Engel, Forest Practices Assistant Division Manager 26 
Patricia Anderson, Rules Coordinator 27 
Phil Ferester, Assistant Attorney General 28 
 29 
WELCOME AND INTRODUCTIONS 30 
Bridget Moran called the Forest Practices Board (FPB or Board) meeting to order at 9:05 a.m. 31 
Patricia Anderson, Department of Natural Resources (DNR or Department), provided an emergency 32 
safety briefing. 33 
 34 
APPROVAL OF MINUTES 35 
MOTION: Dave Somers moved the Forest Practices Board approve the February 14, 2012 36 


meeting minutes.  37 
 38 
SECONDED: Bob Guenther 39 
 40 
Board Discussion: 41 
David Whipple made two corrections to page 7, lines 34 and 35 to read as follows: 42 
David Whipple . . . administrative changes to their self-certification process under the Bald and 43 
Golden Eagle Protection Act and track state forest practices applications proposing activities certain 44 
distances from eagle habitatnests and roosts. . .  45 
  46 
ACTION: Motion passed unanimously. 47 
 48 
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REPORT FROM CHAIR 1 
Bridget Moran reported: 2 
• Beginning May 2013 there will be an annual review of the effectiveness of the new process in 3 


WAC 222-20-120 regarding the notice of forest practices to affected tribes. 4 
• The compliance monitoring 2010-2011 biennial report showed mixed results and there is still 5 


much work to do to reach full compliance. Completing the compliance action plan tasks and 6 
implementing a training program is expected to result in improved compliance over time. 7 


• Second Engrossed Substitute Senate Bill 6406 integrating FPA/HPAs passed: 8 
o The Board will consider filing a CR-101 at this meeting; 9 
o New forest practices application (FPA) fees and three-year FPA terms will take effect July 10 


10, 2012; 11 
o Rule making to integrate hydraulic project approval in forest practices will occur by 12 


December 2013. 13 
• The critical habitat (SEPA) rule making is moved to August to allow the Washington 14 


Department of Fish and Wildlife (WDFW) time to consider a recommendation to the Board on 15 
the gray wolf. 16 


 17 
David Whipple, WDFW, explained that in December 2011 the Washington Fish and Wildlife 18 
Commission adopted the Wolf Conservation Management Plan for the gray wolf in Washington. He 19 
said he will be assembling the Wildlife Working Group to assess the forest practices critical habitat 20 
rules in relation to the Wolf Conservation Management Plan. 21 
 22 
PUBLIC COMMENT 23 
Chris Mendoza, Conservation Caucus, commented on the compliance monitoring report. He said he 24 
appreciated that the report is more objective than in the past and there was more opportunity for 25 
input. He also mentioned the haul road results were probably artificially high because monitoring 26 
did not take place in rainy conditions, which is the critical time to assess disconnection from waters. 27 
 28 
Peter Goldman, Washington Forest Law Center, asked the Board to consider how it can influence 29 
regulators to improve compliance. 30 
 31 
Pete Heide, Washington Forest Protection Association (WFPA), stressed that WFPA members’ goal 32 
is to perform at 100 percent compliance. He summarized points he made in a letter which he 33 
provided to Board members, including notable results that show signs of compliance improvements 34 
and suggestions for future reports. He said WFPA remains concerned about the reporting of water 35 
type classifications. He also said the rules are clear and enforcement should be emphasized. 36 
 37 
STAFF REPORTS 38 
Bridget Moran asked if Board members had questions about the staff reports. There were no 39 
questions. 40 
 41 
2012 LEGISLATIVE SUMMARY AND BUDGET UPDATE 42 
Darin Cramer, DNR, reported the passage of legislation affecting the forest practices program:  43 
2ESSB 6406 which integrates hydraulic projects into the FPA process; E2SHB 2238 that pairs 44 
required investments in compensatory environmental mitigation with programs that are referenced 45 
in Title 76 RCW; 3ESHB 2127 on fiscal matters; and ESB 6074, a jobs in the environment bill that 46 
appropriated $10 million to the Recreation and Conservation Funding Board for the Family Forest 47 
Fish Passage Program. 48 
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 1 
He summarized provisions of 2ESSB 6406, including: 2 
• Rule making by December 31, 2013 to incorporate fish protection standards from the hydraulics 3 


code and develop guidance; 4 
• Adding 30 days to the review period for FPAs that include hydraulic projects; 5 
• Eliminating the Forest Practices Act requirement for an early 30-day review of draft rules by 6 


WDFW and counties (effective July 2012); 7 
• FPA fee increases (effective July 2012); and 8 
• FPAs effective for three years instead of two (effective July 2012). 9 
 10 
OVERVIEW OF PROPOSED NORTHERN SPOTTED OWL CRITICAL HABITAT 11 
DESIGNATION 12 
Ken Berg, U.S. Fish and Wildlife Service (USFWS), gave a presentation on the Service’s proposed 13 
revised northern spotted owl critical habitat designation and the draft environmental impact 14 
statement on the experimental barred owl control (which is part of the spotted owl recovery plan). 15 
He explained that the economic analysis for the proposed critical habitat rule will be released the 16 
end of May and the comment period for the proposed rule will be extended for 30 days after the 17 
release of the analysis. 18 
 19 
He said all of the private forest lands proposed for critical habitat in Washington (approximately 20 
180,000 acres) are within the current Spotted Owl Special Emphasis Areas, and about a quarter of 21 
those areas are already covered by habitat conservation plans or safe harbor agreements.  22 
 23 
Bridget Moran said the Board will consider modifications to its critical habitat rule after the federal 24 
rule is finalized, and the USFWS expects a final federal rule just after the Board’s November 2012 25 
meeting. She also said the Board will continue the discussion about the spotted owl at the August 26 
meeting and consider convening a Board subcommittee. 27 
 28 
ADAPTIVE MANAGEMENT REVIEW (LEAN PROCESS) UPDATE 29 
David Howe, Strategica, reported observations from the Lean Event on the Adaptive Management 30 
Program. He explained that the CMER scoping paper and the study design processes were selected 31 
for assessment. The key suggested changes are: 32 
• fewer review and approval steps; 33 
• smaller teams of qualified writers; 34 
• fewer input/comment/decision points for CMER; and 35 
• expedited peer review for projects with less potential for rule change. 36 
 37 
Howe said the process improvements could result in as much as an 80 percent time reduction, 38 
assuming the appropriate expertise is available to comprise differently structured technical writing 39 
and implementation groups (TWIGs). He also offered additional observations: the distinction 40 
between CMER and Forests and Fish Policy (Policy) is fuzzy; there is excessive due process; the 41 
consensus decision making approach contributes to extremely long cycle times. He suggested that 42 
the recommended process be piloted before full implementation. 43 
  44 







Forest Practices Board May 8, 2012 Draft Meeting Minutes      4 


Jim Hotvedt, DNR, and Howe provided the following answers to Board members’ questions:  1 
• Other parts of the adaptive management process could benefit from a similar assessment.  2 
• It was advantageous to include an independent facilitator in the Lean process. 3 
• CMER voting members participated in the Lean process and were outstanding to work with.  4 
• CMER will be considering whether to conduct one or more pilots, which may be possible for 5 


studies currently underway. 6 
 7 
With general Board agreement, Bridget Moran provided direction to CMER to receive the formal 8 
report, digest it, and initiate the suggested scoping and study design process improvements on 9 
projects that would commence before the August Board meeting. She also requested that CMER 10 
provide a status report and recommendations to the Board in August. 11 
 12 
COMPLIANCE MONITORING BIENNIAL REPORT 13 
Walt Obermeyer, DNR, presented a summary of the 2010-2011 Biennial Compliance Monitoring 14 
Report and provided a detailed overview of the results. He concluded that:  15 
• The correct water type determination, and subsequent Type F Water buffering, of low-gradient 16 


streams in Western Washington needs improvement; 17 
• There were fewer “major” and “moderate” severity occurrences than in the 2008-2009 biennial 18 


sampling period; 19 
• A high level of compliance was demonstrated on haul routes; and 20 
• There was good compliance in road construction and abandonment. 21 
 22 
Darin Cramer, DNR, reported on the status of the Compliance Action Plan. He said recently 23 
completed actions are:  24 
• FPAs must include water type classification information and documentation to be considered 25 


complete;  26 
• Special emphasis sampling, employed in 2011, has resulted in the haul route survey and a 27 


water/wetland classification sample; and 28 
• A condition is added to 20-acre exempt FPAs to provide a two-day notice before harvest. 29 
 30 
He said water typing guidance will soon be added to the forest practices website and several other 31 
action items are ongoing. 32 
 33 
Norm Schaaf asked how many of the 8,973 FPAs submitted in 2010-2011 included harvesting; how 34 
many of the 196 sample FPAs included harvesting; what is the east/west breakdown; and what is 35 
the landowner breakdown. Obermeyer said he would provide the answers at a later date because he 36 
did not have the information with him. 37 
 38 
PUBLIC COMMENT  39 
Chris Mendoza, Conservation Caucus, commented on the Lean discussion. He commented that the 40 
Adaptive Management Program (AMP) is a stakeholder-driven process and asked the Board to be 41 
cautious about any change for AMP decision approval from the current consensus to a majority 42 
requirement. He added that the Lean process should not be seen as a substitute for an objective 43 
independent audit. 44 
  45 
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INTRODUCTION TO STATE FORESTER  1 
Aaron Everett, DNR, explained his role as Washington State Forester, including: 2 
• serving as DNR’s conduit for several federal funding programs including fire, forest health, and 3 


stewardship forestry technical assistance programs; 4 
• tracking federal funding legislation, e.g., the Farm Bill; and 5 
• initiating a process under state law to look at forest health issues in Eastern Washington. 6 
 7 
There was discussion about the state forester’s nexus with the Forest Practices Board. Everett gave 8 
the example of seeking funding partners for the Forestry Riparian Easement Program, the Family 9 
Forest Fish Passage Program, and Adaptive Management Program scientific research. 10 
 11 
CLEAN WATER ACT ASSURANCES  12 
Mark Hicks, Department of Ecology, reported that in the past six months: 13 
• The Solar Radiation/Effective Shade study was completed (approved all the way through the 14 


CMER and Policy process). 15 
• Two studies are nearing completion (now in CMER review): 16 


o Bull Trout Overlay Temperature; and 17 
o Mass Wasting Landscape-Scale Effectiveness. 18 


• Two non-CMER milestones were completed upon adopting the RMAPs rule; those are revising 19 
the forest roads board manual and revising the RMAPs reporting forms. 20 


 21 
He also mentioned two additional notable efforts: 22 
• Progress on developing a strategy to examine the effectiveness of the Type N rules; and 23 
• The Lean assessment. 24 
 25 
FOREST BIOMASS WORK GROUP UPDATE  26 
Rachael Jamison, DNR, explained that the Forest Practices Biomass Working Group is comprised 27 
of a broad range of stakeholders and was formed to analyze the efficacy of the forest practices rules 28 
for forest biomass removal. Its purpose is to arrive at a consensus recommendation to the Board 29 
after analyzing existing science, policy, available technologies, best management, and the existing 30 
forest practices rules applicable to biomass harvest. She said the group will be taking a field trip to 31 
eastern Washington in June, and plans to offer a final recommendation to the Board in August. 32 
 33 
There was discussion about demand for biomass and the construction of biomass facilities in the 34 
state. Jamison pointed out that demand is not within the purview of forest practices; however, the 35 
results of the University of Washington’s supply study shows that although there is not a limitless 36 
supply, there is much more forest biomass available than previously thought. 37 
 38 
Paula Swedeen inquired about planned facilities on the Olympic Peninsula. Norm Schaaf answered 39 
Nippon Paper’s co-generation facility expansion is under construction and Port Townsend Paper’s 40 
expansion has received permits. 41 
 42 
Bridget Moran explained that any forthcoming recommendations having an effect on aquatic 43 
resources would go through the Adaptive Management Program process prior to the Board 44 
receiving a recommendation. She also requested that staff send the Working Group’s website link to 45 
Board members. 46 
 47 
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RULE MAKING FOR FORESTRY RIPARIAN EASEMENT PROGRAM  1 
Gretchen Robinson and Dan Pomerenk, DNR, requested that the Board adopt the Forestry Riparian 2 
Easement Program rule changes. They said two public hearings were held, one in Spokane on 3 
March 27 and one in Centralia on March 29, and the Board received one comment in support of the 4 
proposal and one comment about the under-funding of the program. 5 
 6 
MOTION: Dave Somers moved the Forest Practices Board adopt the rule proposal amending 7 


chapter 222-21 WAC, Forestry Riparian Easement Program, that incorporates House 8 
Bill 1509. He further moved the Board direct staff to file a CR-103 Rule Making 9 
Order with the Office of the Code Reviser. 10 


 11 
SECONDED:  Paula Swedeen 12 
 13 
Board Discussion:  14 
Norm Schaaf asked about use of the term, “forests and fish rules” in rule language, and asked if it 15 
would be understood through time which rules it refers to. Staff responded that the proposed rule 16 
language includes a definition in WAC 222-21-010 that should provide a clear understanding:  17 
“Forests and fish rules” means the rules adopted by the Board in accordance with RCW 76.09.055, 18 
RCW 76.09.370, and the amendments to those rules.” 19 
 20 
ACTION: Motion passed unanimously. 21 
 22 
PUBLIC COMMENT ON PILOT RULE MAKING FOR WESTSIDE TYPE N BUFFER 23 
EFFECTIVENESS SOFT ROCK STUDY 24 
Peter Goldman, Washington Forest Law Center, said the Conservation Caucus supports the pilot 25 
rule making. He stressed it is important to stick with the methodology that has been agreed to and 26 
living with the results no matter what they are. 27 
 28 
PILOT RULE MAKING FOR WESTSIDE TYPE N BUFFER EFFECTIVENESS SOFT 29 
ROCK STUDY  30 
Jim Hotvedt, DNR, and Mark Hicks and Bill Ehinger, Department of Ecology described the Type N 31 
Experimental Buffer Treatment for Soft Rock Lithology study and requested the Board’s approval 32 
to proceed. They explained the goal of the research is to answer how harvest affects: 33 
• water temperature within and at the outlet of a Type N basin; 34 
• sediment input to and storage within a Type N channel; 35 
• suspended sediment and nutrient export to downstream Type F waters; and 36 
• benthic macroinvertebrate communities immediately downstream of a harvest unit. 37 
 38 
There was discussion about whether the study sites or reference sites could be changed after the 39 
Board approves the action. Hicks said the proposal indicates the likely magnitude of sites but there 40 
is a possibility of sites being eliminated and added. Ehinger said the reference sites will not change. 41 
 42 
Hotvedt described several revisions to the draft CR-101 he wanted the Board to consider before 43 
approval. 44 
 45 
MOTION: Tom Laurie moved the Forest Practices Board approve a pilot rule for the Westside 46 


Type N Buffer Effectiveness Study in Soft Rock Lithologies under the 47 
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Administrative Procedure Act (RCW 34.05.313) as presented today. The pilot will 1 
test the effectiveness of the current riparian management rules in providing 2 
protection for water quality and providing riparian functions along non-fish bearing 3 
streams in western Washington.  4 


 5 
Forest practices conducted under this pilot will vary from existing forest practice 6 
rules for certain study sites and the Board determines that the pilot rule is in the 7 
public interest and necessary to conduct the riparian treatments. He further moved 8 
the Board direct staff to file a CR-101 Pre-Proposal Statement of Inquiry to notify 9 
the public that the Board is conducting pilot rule making. 10 


 11 
SECONDED: David Whipple 12 
 13 
ACTION: Motion passed unanimously. 14 
 15 
PUBLIC COMMENT ON CMER 2013 WORK PLAN AND BUDGET 16 
None. 17 
 18 
CMER 2013 WORK PLAN AND BUDGET  19 
Jim Hotvedt, DNR, requested approval of the 2013 CMER work plan and budget. He provided an 20 
overview of the entire work plan document, and pointed out that the 2013 projects and budget are 21 
shown on pages 11 and 12 of the document. He summarized the 2013 budget which shows a Forests 22 
and Fish Support Account balance of $1,737,000. 23 
 24 
Bridget Moran said it appears more funds are available than are needed for projects, which is not 25 
consistent with what the Board often hears about the lack of Adaptive Management Program 26 
funding. Cramer explained that this budget addresses an anticipated shortfall in available funding. 27 
He said the program will be in trouble by the middle of the next biennium at the current rate of 28 
spending, and a sustainable long-term funding source must be found. The Forests and Fish Support 29 
Account is currently the primary source of funding, but it is not adequate to keep the program 30 
moving at its current pace. Hotvedt added that quite a few of the field projects are winding down 31 
right now, and new projects and study designs are not being initiated because of the funding 32 
uncertainty.  33 
 34 
MOTION: Norm Schaaf moved the Forest Practices Board approve the 2013 CMER work plan 35 


and budget. 36 
 37 
SECONDED: Phil Davis 38 


 39 
ACTION: Motion passed unanimously. 40 
 41 
PUBLIC COMMENT ON RULE MAKING FOR SECOND ENGROSSED SUBSTITUTE 42 
SENATE BILL 6406 43 
Vic Musselman, Washington Farm Forestry Association, highlighted the portion of the bill that 44 
specifies one three-year FPA renewal. He explained that currently applications can be renewed 45 
more than once, which has benefitted small forest landowners who want to wait for more favorable 46 
market conditions. He asked that Board consider a streamlined FPA review process for harvest 47 
proposals already approved in the expired applications. 48 
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 1 
RULE MAKING FOR SECOND ENGROSSED SUBSTITUTE SENATE BILL 6406  2 
Gretchen Robinson, DNR, requested approval to file a CR-101 Preproposal Statement of Inquiry to 3 
notify the public the Board is considering rule making to: 4 
• Incorporate hydraulic project approvals in the forest practices application process; and 5 
• Clarify existing rule language related to forest practices within urban growth areas. 6 
 7 
She indicated that staff will provide a timeline for rule making related to the hydraulic project 8 
approvals at the August meeting. 9 
 10 
MOTION: Carmen Smith moved the Forest Practices Board direct staff to file a CR-101 Pre-11 


Proposal Statement of Inquiry to notify the public the Board is considering rule 12 
making to incorporate provisions of Second Engrossed Substitute Senate Bill 6406 13 
relating to hydraulic project approvals for forestry activities and to clarify 14 
classification definitions. 15 


 16 
SECONDED: Bob Guenther 17 
 18 
ACTION: Motion passed unanimously. 19 
 20 
EXECUTIVE SESSION 21 
Executive session was convened from 3:10 p.m. to 3:39 p.m. 22 
 23 
Meeting adjourned at 3:40 p.m. 24 








Future FPB Meetings 
Next Regular Meeting:   November 13, 2012 
Check the FPB Web site for latest information: http://www.dnr.wa.gov/  
E-Mail Address: forest.practicesboard@dnr.wa.gov                                         Contact:  Patricia Anderson at 360.902.1413 


STATE OF WASHINGTON            PO Box 47012 
FOREST PRACTICES BOARD                    Olympia, WA 98504-7012 


Regular Board Meeting – August 14, 2012 
Natural Resources Building, Room 172, Olympia 


 
Please note: All times are estimates to assist in scheduling and may be changed subject to the 
business of the day and at the Chair’s discretion. The meeting will be recorded. 


 
DRAFT AGENDA 


9:00 a.m. – 9:05 a.m. Welcome and Introductions 
Safety Briefing – Patricia Anderson, Department of Natural Resources 
(DNR) 
 


9:05 a.m. – 9:10 a.m. Approval of Minutes 
Action:  Approve May 8, 2012 meeting minutes 
 


9:10 a.m. – 9:20 a.m. Report from Chair  
 


9:20 a.m. – 9:30 a.m. Public Comment – This time is for public comment on general Board 
topics. Comments on any Board action item that will occur later in the 
meeting will be allowed prior to each action taken. 
 


9:30 a.m. – 9:40 a.m. Staff Reports 
A. Adaptive Management - Jim Hotvedt, DNR 
B. Board Manual Development - Marc Engel, DNR  
C. Compliance Monitoring - Walt Obermeyer, DNR 
D. Northern Spotted Owl Implementation Team - Andy Hayes and 


Lauren Burnes, DNR 
E. Rule Making Activity & Work Plan - Marc Engel, DNR  
F. Small Forest Landowner Advisory Committee and Small Forest 


Landowner Office -Tami Miketa, DNR 
G. TFW Cultural Resources Roundtable - Pete Heide and Jeffrey 


Thomas, Co-chairs  
H. Upland Wildlife Working Group - David Whipple, DFW 
 


9:40 a.m. – 9:50 a.m. Adaptive Management Review (LEAN process) Update - Jim 
Hotvedt, DNR and Mark Hicks, CMER Chair 
 


9:50 a.m. – 10:00 a.m. Break  
10:00 a.m. – 12:00 p.m. Northern Spotted Owl Recovery - Darin Cramer, DNR; David Whipple, 


DFW 
• Biological background: listing, population trends, risk factors - DFW 
• Conservation in Washington State - tbd 
• Moving forward, next steps, Board committee - DNR  


12:00 p.m. – 1:00 p.m. Lunch 
 


1:00 p.m. – 1:10 p.m. Public Comment - This time is for public comment on general Board 
topics. Comments on any Board action item that will occur later in the 
meeting will be allowed prior to each action taken. 
 



http://www.wa.gov/dnr
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1:10 p.m. – 1:30 p.m. Forest Biomass Work Group Report - Rachael Jamison and Marc 
Engel, DNR 
 


1:30 p.m. – 1:45 p.m. Review of Settlement Agreement regarding the Forest Practices 
Habitat Conservation Plan – Kyle Blum, DNR 
 


1:45 p.m. – 2:00 p.m. Forests and Fish Policy Priorities Annual Report - Stephen Bernath 
and Adrian Miller, Forests and Fish Policy Co-chairs 
 


2:00 p.m. – 2:15 p.m. Cultural Resources Annual Report - Pete Heide and Jeffrey Thomas, 
TFW Cultural Resources Roundtable Co-Chairs  


2:15 p.m. – 2:30 p.m. Rule Making Timeline for Hydraulic Permit Approval/Forest 
Practices Application (2ESSB 6406) - Darin Cramer, DNR  


2:30 p.m. – 2:40 p.m. Public Comment for Rule Making on legislative changes to 
Conversion Activities and Forest Practices Applications 


2:40 p.m. – 2:55 p.m. Rule Making on Legislative Changes to Conversion Activities and 
Forest Practices Applications - Gretchen Robinson, DNR 
Action: Consider initiating rule making by filing a CR-102. 
 


2:55 p.m. – 3:15 p.m. Public Comment for Rule Making on WAC 222-16-080, Critical 
Habitats 


3:15 p.m. – 3:30 p.m. Rule Making on WAC 222-16-080, Critical Habitats - Sherri Felix, 
DNR 
Action:  Consider providing notice to public of possible rule making by 
filing a CR-101. 
 


3:30 p.m. – 3:40 p.m. Public Comment on Solar Radiation Study 
3:40 p.m. – 3:55 p.m. Adaptive Management Program - Solar Radiation Study - Jim 


Hotvedt, DNR 
Action: Consider Forests and Fish Policy’s recommendation. 
 


3:55 p.m. – 4:05 p.m. Public Comment on Westside Buffer Characteristics, Integrity and 
Function Study 


4:05 p.m. – 4:20 p.m. Adaptive Management Program - Westside Buffer Characteristics, 
Integrity and Function Study - Jim Hotvedt, DNR 
Action: Consider Forests and Fish Policy’s recommendation. 
 


4:20 p.m. – 4:30 p.m. Public Comment on CMER Membership 
4:30 p.m. – 4:40 p.m. CMER Membership - Jim Hotvedt, DNR 


Action: Consider approval of nominee(s) 
 


 Executive Session 
To discuss anticipated litigation, pending litigation, or any other 
matter suitable for Executive Session under RCW 42.30.110  
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About the Project


• The purpose of this project was to examine the Fore st Practices Adaptive 
Management Program (AMP) processes and use Lean pro cess 
improvement techniques to redesign these processes.  


• This project was requested by the Forest Practices Board (FPB) as part of 
a larger evaluation of the AMP.


• This project looked at processes used by the Cooper ative Monitoring, 
Evaluation and Research (CMER) Committee and Policy  Committee.


• The project had four main objectives:
1. Identify specific, AMP-related areas and circumst ances where LEAN 


could be used for process improvements.
2. Identify specific areas where experts feel LEAN c ould best be 


deployed within the Adaptive Management Program.
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deployed within the Adaptive Management Program.
3. Identify areas within the AMP with challenges tha t may prove to be 


difficult in implementing LEAN.
4. Identify resources or services the AMP could util ize in approaching 


problems with a LEAN perspective.
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Lean Vision for AMP


• Representatives of both CMER and the Policy Committ ee met and 
identified an overall vision for the Lean effort.  This vision can be 
summarized by the following three goals:


– Eliminate non-value added work or process steps (i. e., eliminate 
parts of the AMP process that fail to add value to the ultimate 
outcome of the process)


– Reduce process cycle time (i.e., reduce the time re quired to 
undertake certain parts of the AMP process)


– Maintain quality of AMP work products
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Recommended Lean Opportunities


• CMER has many documented processes in its Protocols and Standards Manual (PSM)
• The processes discussed with CMER are presented belo w.  They are all associated 


with planning, designing, implementing and reportin g on research and monitoring 
projects.


– Set policy direction and scope project – determining  the objectives of a project 
and the scope of what is being studied.  This compo nent includes interactions 
with the Policy Group in setting direction for rese arch and monitoring projects.


– Design study – designing the protocols, definitions,  data collection needs and 
procedures to be used in a research or monitoring s tudy.


– Implement study – this process element involves the actual data collection and 
analysis associated with a research or monitoring s tudy.
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– Prepare draft report – processes used to produce a dr aft report.
– ISPR – scientific peer review of the draft report.
– Finalize report – processes used to complete and final ize a research or 


monitoring report once the peer review is completed .
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Recommended Lean Opportunities
• In order to narrow the scope of  the Lean project, representatives of CMER and 


the Policy Committee selected those portions of the  CMER process which 
could benefit most from Lean transformation.  The f ollowing criteria were used 
in evaluating candidate process elements:


– The extent that a process component supports the ov erall Lean vision of 
reducing cycle time, eliminating non-value added wo rk steps and 
maintaining quality.


– The process component is really a process.  Busines s activities that are 
not true processes were screened out.  Work process es are defined as 
sequential series of steps that are easily repeatab le and are, in fact, 
repeated across multiple transactions.


– The extent that the AMP can actually control how a process is performed.  
If the AMP has little control over this then the pr ocess was screened out.
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If the AMP has little control over this then the pr ocess was screened out.
– Lean results can be achieved in a timely manner so that the State can 


realize a positive return on its investment in Lean transformation.
– Process performance is easily measured.  This is pa rticularly important as 


the Lean vision emphasizes a reduction in cycle time , a quantitatively 
based vision.


– Stakeholders (e.g., the Forest Practices Board) sha re the Lean vision and 
are genuinely interested  in seeing results.


• Based on a facilitated voting process, CMER and Pol icy Group members 
selected these processes for the subsequent Lean ef fort:


– Set policy direction and scope project
– Develop study design
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Recommended Lean Opportunities


– Many work steps.  Each step requires “buy-in” from stakeholders.
– Lots of discussion and circular arguments within th e SAGs and 


CMER.
– Lack of a shared vision about study objectives.
– Requires interaction with the Policy Group.


Issues identified that pertain to the selected proc ess components include . . . .


– Multiple review iterations with ISPR, SAGs and 
CMER.  Requires “buy-in” and check-ins


– Circular arguments within SAGs and CMER
– Have to revisit project scope and budget
– Have to do a response matrix – process is time 


consuming and inefficient.  CMER needs some 
latitude on the scope of this matrix
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– Requires interaction with the Policy Group.
– This process is critical for the success of the stu dy – influences 


the ultimate cost.
– Work scopes tend to get cumbersome.
– Review process within study scoping is time consumi ng and 


difficult.
– Not easy to agree on what the problem statement sho uld be.


latitude on the scope of this matrix
– Review process is particularly troublesome


Process component Start End


Set policy direction & scope study CMER starts scoping project from FPB-
approved budget spreadsheet


Finished project scope


Design study Finished project scope Completed study design


The processes were defined as the activities that o ccur between the following start and end points . .  . .
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As – Is Processes


• The As-Is processes for developing scoping papers a nd study designs were 
mapped using input from AMP participants using valu e stream mapping 
techniques.  The As-Is maps are found in Appendix A .


• The As-Is processes are characterized by:
– Multiple review and approval steps by CMER, Policy and SAG


» Value added from the CMER review steps are question able based on 
input from AMP participants


– Excessive cycle times 
– A one-size-fits-all approach to study questions rega rdless of their 


complexity or potential impact
– The scoping paper process is invoked without a clea r definition of the 
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– The scoping paper process is invoked without a clea r definition of the 
study objectives


• As-Is process metrics:
– Up to 62 months in cycle time
– 9 separate “do-loops” totaling 16 iterations
– 12 different approval points for five separate docu ments (e.g., study 


design, response matrix)
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To – Be Processes


• Using Lean techniques, a combined CMER and Policy w orking group redesigned 
the scoping paper and study design processes.  The recommended resulting To-
Be (or proposed) process:


– Combines the two As-Is processes
– Replaces the Scoping paper with a streamlined proje ct charter document
– Reduces the scope of literature reviews, or bypasse s them in certain areas
– Invokes the full peer review only for projects that  are complex or have the 


potential for a rule change
– Has fewer input/comment/decision points for CMER
– Relies on a smaller team of qualified scientists an d technical personnel for 


preparing the Project Charter and Study Design rath er than a SAG
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preparing the Project Charter and Study Design rath er than a SAG
• The To-Be value stream map is found on the followin g pages
• To-Be process metrics:


– 15 months in cycle time
» As much as 75% reduction from As-Is process


– 3 separate “do-loops”
– 5 different approval points for five separate docum ents 
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To – Be Processes
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To – Be Processes
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To – Be Processes
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To – Be Processes
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To – Be Processes
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Challenges in Implementation


• The AMP will have to deal with change management is sues regarding phasing 
out the SAGs and forming TWIGs.


• TWIG members will need to be committed to projects by their employing 
agencies or organizations and be evaluated for their  role on the TWIGs.


• The Forest Practices Board should charge CMER with redesigning the report 
drafting and peer review processes (using Lean) so they are consistent with 
the elements of the new project chartering and stud y design processes.


• AMP policies and protocols may need to be amended t o facilitate 
implementation:
– Protocols and Standards Manual – changed by CMER
– Potentially the Board Manual – changed by AMP; Approved by FPB
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– Potentially the Board Manual – changed by AMP; Approved by FPB
– Potentially the Forest Practices AMP rules – changed  by FPB
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Implementation Enablers 
• Based on comments and recommendations from the CMER  and Policy work group, a Project 


Charter replaces the current Scoping Paper as the f irst work product in the process.  The 
Project Charter should include the following elemen ts:
– Who will lead study?
– Identification of available resources?
– Problem statement
– Technical rationale for addressing the issue
– Critical questions to be answered
– Objectives of the study


• A smaller working group, the Technical Writing and Implementation Group (TWIG) should 
replace the current SAG.  Attributes of the TWIG in clude:
– Composition of the TWIG is determined by CMER based  on the technical needs of the 


project
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project
– A TWIG can be comprised of Agency staff (DOE, DFW, DNR), CMER members (especially 


in the Project Charter stage), or CMER staff.  A TW IG could also include contractors (as 
needed)


– Membership on any TWIG should be capped at four to be effective; It is not necessary that 
a TWIG include representation from each caucus


– The TWIG should provide technical expertise to desi gn projects and write project charters 
and study designs


– Staff assigned to a TWIG should be committed for th at role by their home agencies or 
organizations


– TWIG members should have qualified technical expert ise
– Representatives of stakeholder groups can be includ ed on a TWIG but should be part of 


the membership of four and be actively involved in writing documents
– TWIGs should not have co-chairs and should meet as required
– Each TWIG should be specific to a project
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Implementation Enablers


• The role of CMER should change in the new processes  and will include:
– Approve final Study Design
– Act as a gatekeeper to ensure adherence to workplan and project scope
– Perform workplan updates
– Conduct scientific dispute resolution
– Bring people to meetings to discuss scientific topi cs
– Request project updates
– Develop the budget
– Propose new projects
– Respond to Policy Group requests
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– Act as a repository for stakeholder involvement
– Advocacy for scientific basis of forest practices 
– Respond to requests from the Forest Practices Board


• The scope and triggering criteria for a formal lite rature review will be changed in 
the new processes:
– The scope may be limited to determining if a scient ific or technical question 


has been studied in peer jurisdictions (e.g., BC, O R) in the Project Charter 
phase.


– A full literature review may not always be needed.  The criteria for invoking a 
full literature review would be case-specific.
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Implementation Enablers


• Based on comments and recommendations form the CMER  and Policy Work 
group, the triggers for conducting peer reviews of study design documents 
will change with the new process as follows:
– The Associate Editor of the peer review should now review the revised 


study design and the response matrix to ensure that  all comments are 
addressed.  This increased role for the Associate E ditor may require an 
increased allocation for the Associate Editor.


– The criteria for invoking a full peer review should  be limited to:
» High complexity & unfamiliarity with the issue
» High potential to result in a substantive rule chan ge


– Option for open peer reviews may remain
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– Option for open peer reviews may remain
– The Criteria for a light peer review should be:


» Lower complexity and more familiarity with the issu e
» Low potential for substantive rule change
» Issue is similar to a similar, previous peer review ed study


– The scope of a light peer review should be limited to ensuring that the 
project methodology is consistent with project obje ctives


• The Work Group recommends that the new process shou ld be piloted with one 
of the following AMP projects: 


» Unstable Slopes Criteria Project
» Type N Eastside Buffer Effectiveness project
» Forested Wetlands Effectiveness project.  
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Consultant Observations on the AMP


� The distinction between the composition of the CMER  and Policy Group 
is ill-defined.  The role of each group is distinct  yet the same people 
serve on both groups raising concerns about indepen dence and 
diversity of opinion.


� The consensus voting model used in the AMP is cumbe rsome and 
contributes to the long cycle times.  Most rule-mak ing bodies (including 
the Forest Practices Board) do not require consensu s voting.  The AMP 
should consider a less stringent model such as a su per majority to 
approve work products and move them on to the next stage.
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Recommended Future steps


• The AMP should conduct further Lean redesign projec ts on the draft 
and final report and peer review stages of the AMP process to be 
consistent with the new processes for project chart ering and study 
design.   
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Appendix A Appendix A Appendix A Appendix A ---- As As As As –––– Is Value Stream Map Is Value Stream Map Is Value Stream Map Is Value Stream Map –––– Scoping PaperScoping PaperScoping PaperScoping Paper
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Washington State Forest Practices Adaptive Management Program 


 


The Washington State Forest Practices Board (FPB) has established an Adaptive Management 


Program (AMP) by rule in accordance with the Forests & Fish Report (FFR) and subsequent 


legislation. The purpose of this program is to: 


 


Provide science-based recommendations and technical information to assist the 


FPB in determining if and when it is necessary or advisable to adjust rules and 


guidance for aquatic resources to achieve resource goals and objectives. The 


board may also use this program to adjust other rules and guidance. (Forest 


Practices Rules, WAC 222-12-045(1)). 


 


To provide the science needed to support adaptive management, the FPB established the 


Cooperative Monitoring, Evaluation and Research (CMER) committee as a participant in the 


program. The FPB empowered CMER to conduct research, effectiveness monitoring, and 


validation monitoring in accordance with WAC 222-12-045 and Board Manual Section 22. 


 


Report Type and Disclaimer 


 


This technical report contains scientific information from research or monitoring studies that are 


designed to evaluate the effectiveness of the forest practices rules in achieving one  or more of 


the Forest and Fish performance goals, resource objectives, and/or performance targets. The 


document was prepared for the Cooperative Monitoring, Evaluation and Research Committee 


(CMER) and was intended to inform and support the Forest and Fish Adaptive Management 


program. The project is part of the Type N Riparian Effectiveness Program, and was conducted 


under the oversight of the Riparian Scientific Advisory Group. 


 


This document was reviewed by CMER and was assessed through the Adaptive Management 


Program’s independent scientific peer review process. CMER has approved this document for 


distribution as an official CMER document. As a CMER document, CMER is in consensus on 


the scientific merit of the document. However, any conclusions, interpretations, or 


recommendations contained within this document are those of the authors and may not reflect the 


views of all CMER members. 


 


The Forest Practices Board, CMER, and all the participants in the Adaptive Management 


Program hereby expressly disclaim all warranties of accuracy or fitness for any use of this report 


other than for the Adaptive Management Program. Reliance on the contents of this report by any 


persons or entities outside of the Adaptive Management Program established by WAC 222-12-


045 is solely at the risk of the user. 


 


Proprietary Statement 


 


This work was developed with public funding. As such it is within the public use domain. 


However, the concept of this work originated with the Washington State Forest Practices 


Adaptive Management Program and the authors. As a public resource document, this work 


should be given proper attribution and be properly cited. 
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Executive Summary 


This report presents final results from the Westside Type N Buffer Characteristics, Integrity and 


Function study. The study was sponsored by Washington’s Cooperative Monitoring, Evaluation 


and Research Committee (CMER). The purpose of the study was to determine the magnitude of 


change in FFR resource objectives (riparian stands, tree mortality, wood recruitment, channel 


debris, shade and soil disturbance) when the westside riparian prescriptions for Type Np 


(perennial non-fish-bearing) streams were applied in an operational setting. 


Experimental Design. Treatment sites were randomly selected from approved forest practice 


applications. Three different Np riparian prescription treatments were evaluated. Eight sites had 


clear-cut harvest to the edge of the stream (clear-cut patches), thirteen had 50 foot wide no-cut 


buffers on both sides of the stream (50-ft buffers), and three had circular no-cut buffers with a 56 


foot radius around the perennial initiation point (PIP buffers). An un-harvested reference reach 


was located in close proximity to each treatment site. Statistical tests were used to compare the 


clear-cut or 50-ft buffer treatments with the reference patches to determine the magnitude of the 


treatment effect. PIP buffer data were not used in the statistical analysis due to the small sample 


and lack of PIP buffer reference sites. Comparisons were done for three time periods, the first 


three years after harvest, years 4-5 after harvest, and for the entire first 5 years after harvest.  


Riparian Stand Response. The mean density of live trees in the 50-ft buffers and reference 


patches decreased over the 5 year post-harvest period because tree mortality exceeded in-growth 


of young trees. During the first three years after harvest, tree mortality was higher in the 50-ft 


buffers than in the reference reaches. The mean percentage of live trees that died per year in the 


50-ft buffers was 3.5 times that of the reference patches, a statistically significant difference. 


Wind was the dominant mortality agent in the 50-ft buffers, while suppression mortality 


exceeded wind mortality in the reference reaches. During years 4-5 after harvest, the difference 


between mortality rates for the 50-ft buffers and reference patches was not significant due to 


increased mortality in the reference reaches. Three storms with winds greater than 60 mph 


occurred during this period, including one of the strongest storms on record, and wind was the 


dominant mortality agent in both the reference and buffer patches. The cumulative percentage of 


live trees that died over the entire five year period was 27.3% in the 50-ft buffers compared to 


13.6% in the reference reaches, but the difference was not statistically significant. Wind-throw 


contributed to a reduction in the proportion of western hemlock and an increase in western red 


cedar in the buffers. The higher tree fall rates in the 50-ft buffers compared to the reference 


patches during the first three years after harvest indicate that the newly established buffers were 


susceptible to wind mortality after the adjacent timber was harvested. However, the data from 


years 4-5 indicate that during high magnitude wind events the treatment effect is less evident due 


to increased wind damage in reference stands. The mean tree mortality rate for the three PIP 


buffers about twice as high as the rate for the 50-ft buffers in all time periods.   


Large Woody Debris Recruitment. The pattern of large woody debris (LWD) recruitment was 


similar to that of tree mortality. During the first five years after harvest, the mean volume of 


LWD recruited into and over the bankfull channel was 3 times greater in the 50-ft buffers than 


the reference patches. As expected, LWD recruitment was very low in the clear-cut patches; one-


half had no recruitment from fallen trees in the first five years after harvest. Only a small 


percentage of newly recruited pieces initially provided in-channel functions such as sediment 


storage (8%), debris jam formation (4%), step formation (3%), or pool formation (3%) because 


most pieces were suspended over or spanning the channel.  
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Channel Debris. The mean percentage of the channel area covered by woody debris (slash, 


small and large woody debris) three years after harvest was similar for the reference and 50-ft 


buffer patches, because the buffers prevented slash from the adjacent clear-cuts from entering the 


channel. Woody debris cover was highest in the clear-cut patches due to logging debris, 


averaging 65% three years after harvest and decreasing to about 50% after five years.  


Stream Shade. Two metrics were used to evaluate cover that provides shade and thermal 


buffering for stream channels; overhead shade (e.g., trees and tall shrubs) and shade from live 


understory plant cover. There was a reduction in overhead cover associated with the treatments. 


One year after harvest, mean overhead shade was lower in the 50-ft buffer streams (76%) than in 


the reference patches (89%). Mean overhead shade in the clear-cut streams was 12% one year 


after harvest, but increased to 37% five years after harvest in response to growth of shrubs and 


saplings. The greatest change in understory plant cover occurred in the clear-cut streams, which 


increased from a mean of 18% one year after harvest to 41% by year five. Understory plant cover 


remained relatively consistent in the 50-ft buffer and reference streams. 


Harvest-related Soil Disturbance. Soil disturbance from timber harvest within the 30 ft wide 


equipment limitation zone (ELZ) was minimal in the 50-ft buffers and PIP buffers because few 


harvested trees fell into the buffers. On average, soil disturbances occupied 0.29% of the ELZ 


area in the 50-ft buffers compared with 6.2% for the clear-cut patches. All 50-ft and PIP buffers 


met the performance target (less than 10% of the ELZ area with soil disturbance) and one of 


eight clear-cut patches exceeded the target. The average distance to the stream for erosion 


features that delivered sediment was 1 ft and the maximum was 7.7 ft. 


Soil Disturbance from Uprooted Trees. The rate of soil disturbance from uprooted trees during 


the first five years after harvest was about twice the reference rate in the 50-ft buffers and higher 


in the PIP buffers. The percentage of root-pits with evidence of sediment delivery was greater in 


the reference patches (26%) than the 50-ft buffers (19.8%). Mean horizontal distance to the 


stream for root-pits that delivered sediment was 8.2 ft compared to 28.0 ft for those that did not 


deliver.  


Implications. Riparian stands and processes in the clear-cut patches were directly affected by 


timber harvest due to removal of trees, input of logging debris, and soil disturbance. Retention of 


trees in the 50-ft and PIP buffers prevented most direct effects from timber harvest, but tree 


mortality during the first five years after harvest, primarily from wind, resulted in reduced stand 


density and changes in overhead shade and LWD recruitment. Three distinct disturbance 


scenarios were observed that had different implications for the FFR resource objectives, 


including: 1) clear-cut harvest, 2) buffers with less than 33% mortality and 3) buffers with over 


50% mortality.  


Clear-cut scenario. Harvest of nearly all trees in the clear-cut patches has implications for the 


wood input regime. Channels receive logging debris during harvest (branches, tops and the 


broken stems), but a period of low wood recruitment is expected as young trees become 


reestablished. Most overhead shade was removed during clear-cut harvest; however logging 


debris provided extensive channel cover, and shrubs and understory vegetation increased after 


harvest. Overhead shade should increase as the stand becomes established. There was evidence 


of sediment delivery from harvest-related soil disturbance; but the performance targets were met 


at seven of eight clear-cut reaches.  


50-ft buffers with over 50% mortality. Mortality rates exceeded 50% at three of the 50-ft buffers. 


Mean tree mortality was 68.3% for these buffers over the five year period, and exceeded 90% in 


one case. The mean density of the remaining live trees was 62.8 trees/acre. Natural regeneration, 
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if successful, will result in development of a multi-cohort stand over time, however competition 


from shrubs and broad-leafs could reduce conifer regeneration, increasing the range of future 


stand conditions. These channels received a large pulse of LWD input from wind-thrown trees, 


however most wood was suspended over or spanning the channel and mortality has reduced the 


supply of trees available to provide future LWD. Mean overhead shade five years after harvest 


was about 30% lower than the reference reaches; however cover from understory plants and 


channel debris increased. Soil disturbance from uprooted trees in the first five years after harvest 


was over five times the rate for the reference reaches, but most root-pits did not deliver sediment.  


50-ft buffers with less than 33% mortality. The majority of 50-ft buffers (10 of 13) had tree 


mortality rates less than 33% over the five year post-harvest period. Mean tree mortality for these 


buffers was 15%, and the mean density of live trees was 140 trees/acre five years after harvest 


(range 59-247). These stands are expected to continue developing as single-age stands. LWD 


recruitment was 40% higher than the reference rate for the five years after harvest. The 


remaining live standing trees will provide a source of future LWD input, and the mean diameter 


of recruited LWD should increase as trees continue to grow over time. Overhead shade in this 


group of buffers was 10-13% less than the reference reaches, and they should continue to provide 


high levels of overhead shade over time unless mortality rates increase. These buffers had 


minimal soil disturbance from uprooted trees in the first five years after harvest.  


Limitations. This study had a number of limitations that should be considered when interpreting 


and extrapolating the results. A larger sample would be needed to capture the range of regional 


and local variation in site conditions and determine the effect of site conditions on riparian 


response to the treatments. The sample size was particularly limited for the PIP buffers (3 sites) 


and further sampling will be needed to confidently characterize the PIP buffer response. The 


analysis of PIP buffer response would also be improved by selecting reference sites with PIPs for 


comparison with the PIP buffer sample. Some other limitations of this study were the lack of 


ability to conduct pre-harvest sampling, the limited duration (five years) of post-harvest 


sampling, the harvest-unit scale of analysis and the lack of stream temperature data.   


Future Research. Recommendations for future research included: 1) data collection over a 


longer timeframe to document the response of shade and channel debris in the clear-cut patches 


and the fate of buffers, including future tree mortality rates, tree regeneration success, shade and 


suspended woody debris; and 2) data collection at a large number of sites to document how 


variation in regional and local site conditions effect sensitivity and response to the prescriptions, 


including buffer survival and wind mortality, loss and recovery of shade, and LWD recruitment 


and function.  


Conclusions. This study provides insights into the harvest unit-scale effects of the westside Type 


Np riparian prescriptions on riparian stand condition, and riparian processes and functions 


including tree fall, wood recruitment, channel debris, shade, and soil disturbance. The nature and 


magnitude of responses varied, depending on whether the reaches were clear-cut or buffered, and 


in the case of the buffered reaches, on the magnitude of post-harvest disturbance from wind-


throw. Many of the performance targets for Type Np streams were confusing, so the study 


evaluates prescription effectiveness by comparing the treatments with unharvested reference sites 


of similar age. Since many of the FFR resource objectives for Type Np streams are intended to 


protect amphibians and downstream fish and water quality, the results of this study do not 


provide a complete story of prescription effectiveness. Combining the results of this study with 


sub-basin scale studies that examine the effects of the prescriptions on aquatic organisms and the 


export of heat, sediment and nutrients to fish-bearing streams will provide a more complete 


assessment of prescription effectiveness.   
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INTRODUCTION 
In 2001, new regulations were approved for timber harvest on Type Np (perennial non-fish-


bearing) streams on state and private forest lands in Washington State as recommended in the 


Forest and Fish Report (USFWS et al., 1999). The forest practice regulations for Type Np 


streams in western Washington require 50 foot wide no-harvest riparian buffer strips along at 


least 50% of the stream length in each Type Np basin. Buffers are required around all sensitive 


sites (e.g. stream confluences, perennial initiation points, seeps and springs) and for at least 300 


feet upstream of the point where a Type Np stream enters a fish-bearing stream. In cases where 


the required buffers are less than 50% of the stream length being harvested in the basin, 


landowners select additional locations for buffers so that the total stream length buffered equals 


50%. Trees may be harvested along the remaining portions of the Type Np stream network as 


long as soil disturbance is minimized within 30 feet of the stream. The intent of the rule is to 


meet the Forest and Fish Report (FFR) resource goals and objectives (maintain the viability of 


stream-associated amphibian populations, meet water quality standards, and maintain the 


productivity of downstream fish habitat) while providing opportunities for timber harvest and 


flexibility in harvest unit design.  


 


The FFR Cooperative Monitoring, Evaluation and Research Committee (CMER) determined that 


research was needed to reduce uncertainty about the effectiveness of the Type Np riparian 


strategy in meeting the FFR resource objectives for headwater streams. In 2003 CMER approved 


a study plan titled “Type N/F riparian prescription monitoring to evaluate the effectiveness of 


FFR riparian prescriptions”. This document presented a strategy to evaluate performance of the 


FFR riparian management prescriptions and proposed a series of studies to address riparian 


effectiveness questions. One component of this strategy was the riparian Buffer Characteristics, 


Integrity and Function (BCIF) study. The purpose of the BCIF study was to begin to evaluate the 


effectiveness of the FFR riparian prescriptions by monitoring changes in stand conditions (stand 


development and trajectory), tree mortality and tree fall, shade, wood recruitment, and soil 


disturbance following timber harvest.  


 


The BCIF study design included separate components to cover each of the four major riparian 


prescription groups: westside Type N (non-fish-bearing streams), eastside Type N, westside 


Type F (fish-bearing streams) and eastside Type F. In 2003, RSAG initiated the first phase of the 


BCIF study, which focused on the westside Type Np riparian prescriptions. This report presents 


the results of five years of post-harvest data collection for the Westside Type N BCIF study. 


Report Organization 


The first section of the report presents the study design, site selection procedures and analytic 


approach. Because of the large number of metrics analyzed in this study, the results are 


presented topically in a series of sections. The initial results section covers riparian stand 


response; including riparian stand conditions, tree regeneration and tree mortality. The following 


sections present information on changes in riparian processes and conditions affecting adjacent 


stream channels including tree fall processes, wood recruitment, channel debris loading, stream 


shade and soil disturbance. The final section synthesizes the findings and discusses their 


implications. 
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STUDY DESIGN AND ANALYTIC APPROACH 


Objectives 


The overall objectives of the Westside Type N BCIF study are to: 


1. Obtain an unbiased estimate of post-harvest conditions associated with the western 


Washington Type Np riparian prescriptions, 


2. Evaluate the magnitude and duration of change in comparison to untreated reference sites, 


3. Identify site and stand attributes (covariates) that influence response, and 


4. Determine the proportion of Type Np riparian prescription treatment sites that meet FFR 


performance targets for soil disturbance. 


Experimental Design 


Treatment sites were randomly selected from Forest Practice Applications (FPAs) approved by 


the Washington Department of Natural Resources (DNR) for timber harvest on Type Np streams 


(non-fish-bearing, perennial) in the western hemlock zone of western Washington. The random 


sampling design was chosen to provide an unbiased estimate of variability associated with the 


prescriptions when applied in an operational timber harvest setting under a range of site 


conditions across western Washington. Random selection of treatment sites in this manner 


precluded collection of pre-harvest data because in many cases the harvest operation began 


shortly after approval of the FPA. Each treatment site was paired with a similar un-harvested 


reference site in close proximity. Treatment site data were compared with the reference site data 


to determine the magnitude of the treatment effect over a five year period after harvest and to 


distinguish changes associated with the treatments from variation from other sources.  


Study Site Selection 


Treatment Sites 


Potential treatment sites were identified by querying the DNR Forest Practice Application 


Review System (FPARS) database to produce a list of FPAs approved between November 2002 


(the inception date of the system) and May 15, 2003. The FPAs were sorted to select FPAs 


located in western Washington that involved activity within 200 feet of a stream. FPAs meeting 


these criteria were assigned a random number used to determine the order in which they were 


screened to assess if they were suitable for inclusion in the study. 


 


To be selected as a treatment site, both sides of a Type Np stream had to be harvested under the 


westside Type Np riparian buffer prescriptions for at least 300 ft (except for circular perennial 


initiation point buffers) without a stream adjacent road. FPAs meeting these criteria were 


screened to determine whether they were in the western hemlock forest zone using a GIS layer of 


forest zones based on data from the Washington Department of Fish and Wildlife (WDFW) gap 


analysis program. When an FPA had more than one suitable Type Np stream, one was randomly 


selected. Landowners were contacted to determine if harvest would be completed prior to the 


first post-harvest sampling event (fall 2003), and sites were visited to verify that the stream 


existed and the site selection criteria were met. 


 


The fifteen treatment sites that were selected contained a mixture of the various treatments 


allowed under the westside Type Np prescriptions (Table 1). Thirteen sites included reaches 


(referred to as patches) with 50 foot wide, no-cut buffers on both sides of the stream (50-ft buffer 
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patches). Eight sites included patches where timber was harvested to the edge of the stream using 


clear-cut harvest methods (clear-cut patches). Three sites had perennial initiation points (PIPs), 


the uppermost point of perennial flow identified according to criteria in the forest practices rules. 


The PIP buffer patches consisted of a circular buffer with a 56 ft radius surrounding the PIP.   


Reference Sites 


After each treatment site was accepted for inclusion in the study, a search was conducted to find 


an un-harvested reference site in close proximity that had similar stand and stream characteristics 


to the treatment site and was similar in length. Each reference site was required to be separated 


by at least 100 feet of forest from adjacent harvest units and roads, and not be scheduled for 


harvest for at least five years. Ideally, the reference site would be on the same stream as the 


treatment site, however in many cases this was not possible. Many Np streams are short so 


harvest units often encompassed most or all of an entire Np stream. In addition, it was difficult to 


find sites on the managed forest landscape that had timber of harvest age that were are not 


scheduled to be harvested in the next five years. Consequently, only 3 of 15 treatment sites had 


the reference located on the same stream (Table 1). In the other cases, the reference site was 


located as close as possible to the treatment site. A field visit was conducted at each potential 


reference site to collect information on site and stand characteristics. One reference site was 


harvested during the study period, reducing the number of useable reference sites to 14. 


Analytical Approach 


To determine the magnitude of change associated with the prescriptions in comparison to the 


reference sites, the original study design proposed a paired-sample analysis where each treatment 


site was paired with an un-harvested reference site in the same vicinity with similar channel and 


stand conditions. The paired-sample approach was proposed because there might be considerable 


variability in the starting conditions of the treatment sites which would add to the variability in 


the response to the prescriptions. The paired-sample design was a way to control for this 


potential source of additional variability. However, because of the difficulty in finding the one-


to-one pairings where the reference sites and the corresponding treatment sites were located on 


the same stream, we used an independent samples test approach for comparing treatment and 


reference sites. This approach allowed a fuller use of available data.  
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Table 1. Summary of the prescription treatments by site.  


Site  Treatment Patch Types Paired 


Number 50-ft Buffer PIP Buffer Clear-cut Reference 


13 X   X 


23 X   X 


24 X X X X 


27 X  X X 


29 X   X 


31  X X X 


36 X   X 


37 X   X 


38 X  X X 


40
a
 X   X 


47 X  X  


50
a
 X  X X 


56 X  X X 


62  X X X 


64
a
 X   X 


Total 13 3 8 14 


 
a
 Sites where the reference and treatment patches were located on the same stream. 


 


The Mann-Whitney (MW) test, the nonparametric equivalent of the independent samples t-test, 


was used to compare the means for each treatment type to the reference means across sites. The 


MW test selected because of concerns that the data were not normally distributed. Sample sizes 


for each group were small (<15) which did not provide sufficient data to test for data normality 


with reasonable power (e.g., power ≥ 0.80), so even if the data were transformed we would still 


be uncertain whether they were normally distributed or not. Many of the metrics were 


percentages (percent tree mortality, percent tree fall, the debris loading and obstruction metrics, 


stream shade metrics) so we know they are not normally distributed. An examination of the box 


plots for many of the metrics shows that the median is often very near the upper or lower edge of 


the central 50% of the data box (rather than in the middle of the box) indicating that the data are 


skewed. Finally, the asymptotic relative efficiency (ARE) of the MW test relative to the t-test is 


reasonable even when the data are normally distributed, but the converse is not true when the 


data are not normally distributed (Conover 1980). 


Response Variables 


The following groups of metrics are used to evaluate effectiveness of the Type Np riparian 


prescriptions:  


1. Riparian stand response (changes in riparian stand conditions, tree regeneration, and tree 


mortality) 


2. Tree fall and large woody debris (LWD) recruitment rates 


3. Channel debris loading (including small debris and harvest slash) 


4. Shade condition indicators 


5. Harvest-related soil disturbance 


6. Soil disturbance associated with uprooted trees 
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STUDY AREA AND CLIMATIC CONDITIONS 


Study Sites 


The study sites were located on non-fish bearing headwater streams in the western hemlock zone 


of western Washington (Figure 1). Seven sites were located in the Willapa Hills, two in the 


southern Cascade Mountains, two in the southern Olympic Mountains, and one each in the Black 


Hills, Puget Lowlands, north Cascades and eastern Olympics. Table 2 shows characteristics of 


the study sites. 


 
 


Figure 1. Westside Type N BCIF study site locations in western Washington. 
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Table 2. Study site attributes.  


Site Type County  


Length (ft) 


EPA Level III 


Eco-region 


Precip-


itation 
Band 


(inches) 


Mean 
Elevation 


(ft) 


Valley 


Aspect 
(facing 


upstream) 


Mean 


Channel 
Gradient 


(%) 


Mean 


Bankfull 
Channel 


Width (ft) 


Mean co-
com tree 


ht (ft)1 


Site 


Index2 Total  


50-ft 


buffer 


PIP 


buffer 


Clear-


cut 


13 Reference Cowlitz 300 - - - Cascades 100-120 1460 113 14.8 6.8 81.8 125.6 


13 Treatment Cowlitz 452 452 - - Cascades 90-100 2880 123 19.1 3.6 101 115.8 


23 Reference Wahkiakum 339 - - - Coast Range 80-90 1475 227 8.1 7.3 120.7 124.8 


23 Treatment Wahkiakum 494 494 - - Coast Range 80-90 1080 268 6.1 3.8 127.7 123.9 


24 Reference Pacific 800 - - - Coast Range 120-140 565 020 5.1 5.6 60 113.1 


24 Treatment Pacific 787 200 117 470 Coast Range 120-140 600 060 12.1 5..3 86.7 131.3 


27 Reference Cowlitz 650 - - - Cascades 100-120 1970 179 14.3 11.4   


27 Treatment Cowlitz 985 669 - 316 Cascades 90-100 2540 188 12.6 10.8 128.2 127.7 


29 Reference Lewis 500 - - - Coast Range 100-120 2150 343 14.5 5.1 79.9 113.3 


29 Treatment Lewis 607 607 - - Coast Range 100-120 1500 001 22.9 5.0 109.8 104.6 


31 Reference Pacific 531 - - - Coast Range 100-120 860 180 4.7 5.7   


31 Treatment Pacific 848 - 124 724 Coast Range 100-120 860 127 13.5 4.8   


36 Reference Pacific 750 - - - Coast Range 120-140 1780 178 9.1 5.9 81.3 111.2 


36 Treatment Pacific 1475 1475 - - Coast Range 120-140 1360 328 11.1 9.2 92.9 131 


37 Reference Grays Harbor 300  - - Coast Range 80-90 190 328 1.6 3.6   


37 Treatment Grays Harbor 600 600 - - Coast Range 70-80 180 279 5.6 3.0 107 115.5 


38 Reference Grays Harbor 764 - - - Coast Range 120-140 655 070 8.5 6.8 113.7 154.2 


38 Treatment Grays Harbor 1034 334 - 700 Coast Range 120-140 680 105 18.4 9.5 121.3 122.2 


40 Reference Pierce 380 - - - Puget Lowlands 40-44 700 026 1.1 5.6 61.8 123.9 


40 Treatment Pierce 488 488 - - Puget Lowlands 40-44 715 003 1.0 3.1 76.4 124.4 


47 Treatment Pacific 1742 950 - 792 Coast Range 100-120 740 276 8.4 4.7   


50 Reference Thurston 500 - - - Coast Range 80-90 295 273 5.8 8.5 116.4 100.1 


50 Treatment Mason 853 425 - 428 Coast Range 80-90 215 323 4.5 4.6 113 129.6 


56 Reference Skagit 441 - - - North Cascades 70-80 930 192 17.1 10.5 75 147 


56 Treatment Skagit 573 200 - 373 North Cascades 70-80 800 192 11.3 3.7 88.4 126.7 


62 Reference Pacific 400 - - - Coast Range 120-140 662.5 028 9.4 8.2 80.5 127.3 


62 Treatment Pacific 420 - 132 288 Coast Range 120-140 875 047 19.3 3.8 90 138.4 


64 Reference Jefferson 450 - - - Coast Range 52-56 280 042 9.7 8.2 83.8 144.5 


64 Treatment Jefferson 393 393 - - Coast Range 52-56 410 001 7.8 6.2 73.7 57.2 


                                                 
1
 Tree height estimates are based on the mean height of all recorded co-dominant tree heights, irrespective of species. 


2
 Site index based on mean site index (breast height age; base age 50) of all Douglas-fir ex values from western Hemlock were also included in those mean values, after being 


converted to Douglas-fir site index values. Site index values are based on equations contained in the Canadian BC Ministry of Forests and Range SiteTools software: 


http://www.for.gov.bc.ca/hre/sitetool/  



http://www.for.gov.bc.ca/hre/sitetool/
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Climatic Conditions 


Appendix Tables A-1 and A-2 show the mean summer (June-August) and winter (November–


February) temperatures and precipitation for the 2003-2008 study period as a percentage of the 


long-term average (Western Regional Climate Center, 2009). The summer of 2003 was drier 


than normal (about 30 % of the long-term average precipitation). Temperature and precipitation 


were above average in the summer of 2004. The summer of 2006 was drier than normal, while 


the summers of 2007 and 2008 were cooler and wetter. The winters of 2003-2004 and 2004-2005 


were warmer and drier than average. The winter of 2005-2006 was slightly warmer and much 


wetter than normal. The winter of 2007-2008 was colder than average.   


Major Wind Storms 


The frequency and magnitude of wind-storms during the study period were evaluated by 


examining records from five weather stations located near the study sites (Office of the 


Washington State Climatologist, 2009). The peak wind-speeds from these weather stations 


provide an indication of the magnitude of wind-storms affecting the study sites. The weather 


stations are located in the lowlands, while many study sites are located in mountainous terrain. 


Since peak wind-speeds are affected by topography (Ruel et al., 2001), the actual peak wind-


speeds experienced by the study sites are unknown. Also, peak wind-speed does not address the 


duration of high winds, which affects the capacity of wind-storms to impact riparian buffers.  


 


Seven wind storms with peak wind-speeds over 39 mph (gale strength or greater) were recorded 


at one or more of the five weather stations (Table 3). Tree mortality was calculated for two 


periods (fall 2003-summer 2006 and fall 2006-summer 2008), so we examined the frequency and 


magnitude of wind storms for each of these periods. Four of these storms occurred during the 


first period, and three occurred during the second period. Table 3 shows the peak wind-speeds 


recorded during these storms at the five weather stations. The highest peak wind-speeds were 


recorded during windstorms that occurred between fall 2006 and summer 2008. The December 


2007 windstorm was one of the strongest storms on record, with wind-speeds reaching 94 mph in 


Astoria and 81 mph in Hoquiam.  


 


Table 3. Peak wind-speeds (in miles/hour) for major windstorms at weather stations near the 


study sites, by sampling period (Office of the Washington State Climatologist, 2009). 


 
Storm Event 


Astoria Hoquiam Kelso Olympia Everett 


South Coast Central Coast South Cascades Puget Lowlands North Cascades 


Fall 2003-Summer 2006 sampling period  


January 29-30, 2004 47 48 33 37 45 


December 25, 2005 54 52 28 41 48 


January 1, 2006 46 47 35 45 45 


February 3-4, 2006 59 55 36 43 52 


Fall 2006-Summer 2008 sampling period 


December 14-15, 2006 69 63 43 53 66 


October 18, 2007 60 56 43 46 56 


December 1-3, 2007 94 81 43 44 49 


Wind-storms with peak wind-speeds between 40 and 60 mph occurred regularly in the study 


area. No stations recorded winds greater than 60 mph between 2003 and 2006. In contrast, during 


the 2006-2008 period, three stations had wind-storms with peak winds between 60-80 mph and 


two stations recorded wind speeds greater than 80 mph (values in bold font in Table 3).  
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RIPARIAN STAND RESPONSE 


This component addresses uncertainty about response of riparian stands after application of Type 


Np riparian prescriptions; including effects of harvest and post-harvest tree mortality and tree 


regeneration on both live tree and dead (snag) stand components.  


Critical Questions 


1. What are the characteristics of riparian stands after application of the westside Type Np 


riparian prescriptions? 


2. What is the magnitude and duration of change in riparian stands following application of the 


westside Type Np riparian prescriptions compared to un-harvested reference sites? 


3. What are tree mortality rates after application of westside Type Np riparian prescriptions? 


4. What is the magnitude and duration of change in tree mortality rates associated with the 


westside Type Np riparian prescriptions compared to un-harvested reference sites?   


Data Collection Procedures 


Standing Trees 


Standing tree data were collected in 2006 (three years after harvest), and in 2008 (five years after 


harvest), except for one site (56) which was not sampled in 2006 due to access problems. Data 


were collected for all live and dead standing trees that were 4 inches or more in diameter at 


breast height (DBH). A census was done of all trees within 50 ft of the stream in each patch. The 


species, condition (live or dead), canopy class and DBH were recorded for each standing tree. 


 


We originally planned to use low altitude aerial photography to collect tree data immediately 


following timber harvest. Low altitude photos were collected the spring following harvest, 


however technical difficulties were encountered and suitable data were not obtained from the 


photos. Consequently, it was necessary to reconstruct stand conditions immediately before and 


after harvest using the 2006 field data (2008 data for site 56). This process involved using decay 


class data for standing dead trees, fallen trees and stumps to determine if the trees would have 


been standing immediately before and after harvest in 2003. See Appendix B for a detailed 


description of the procedure. There is a possibility of overestimating tree counts using this 


approach since some trees large enough to count in the 2006 sampling event would have been 


too small (< 4 inch DBH) to be counted in the earlier sampling event. To avoid this, trees that 


would have been too small to count in 2003 (in-growth) were identified using a diameter growth 


rate of 0.1 inch per year, based on rates reported for understory trees in McArdle et al. (1961) 


and the yield tables in Wiley (1978). This corresponded with diameter growth rates from a 


sample of small trees collected from several study sites in 2008. Live trees with diameters ≤ 4.3 


inches were categorized as in-growth for data collected in 2006 (≤ 4.5 for the site with only 2008 


data). Trees designated as in-growth were not included in the 2003 stand reconstruction tables. 


Tree Regeneration 


Data on tree regeneration and factors affecting regeneration were collected immediately after 


harvest (2003), three years after harvest (2006), and five years after harvest (2008). Circular 


understory vegetation plots were arrayed on two transects oriented perpendicular to the azimuth 


of the stream valley. Transects were located at randomly selected locations along the stream in 


each patch. There were six plots on each transect, three on each side of the stream. The plots 


were centered on each transect at horizontal distances of 10, 25 and 40 feet from the edge of the 
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bankfull channel. Each understory vegetation plot had a radius of 3.72 horizontal feet (1/1000 


acre). Seedlings (trees  6 inches high and < 1 inch DBH) and saplings (trees 1 to 4 inches DBH) 


were tallied by species. Data were taken on factors affecting regeneration success including the 


percentage of understory vegetation cover, dominant/sub-dominant understory vegetation 


species, mean shrub height and percentage of small woody debris cover.  


Tree Mortality 


Changes in live tree counts between sample events were used to calculate tree mortality rates.  


Metrics, Hypotheses and Methods of Statistical Analysis 


Live and Dead Standing Trees 


The objectives for the standing tree data analysis included: 1) characterizing the riparian stand 


conditions for each patch type at each sample event, 2) comparing differences in stand conditions 


for each prescription to the reference patches at each sample event, and 3) comparing differences 


in the magnitude of change between sample events. 


 


The following metrics were used to evaluate changes in stand conditions: 


Trees per acre. Trees/acre was calculated by tallying the number of standing live trees (or 


standing dead trees) in each patch and dividing by the patch acreage.   


Basal area per acre. The basal area for each tree was calculated using the formula: basal area 


(ft
2
) = 0.005454*dbh


2 
(in). The stand basal area/acre was calculated by summing the basal areas 


of all standing live trees (or standing dead trees) and dividing by the patch area in acres.   


Mean breast height diameter. This parameter was calculated by averaging the DBH of all 


standing live trees (or standing dead trees) in each patch.  


Quadratic mean diameter. Quadratic mean diameter (QMD) in inches was calculated for the 


standing live trees in each patch using the formula: QMD = square root of the mean basal area 


of the patch divided by 0.005454.  


Percentage of live conifer. The percentage of live conifer trees/acre was calculated by summing 


the live conifer trees/acre and dividing by the total live trees/acre for the patch. Percent live 


conifer by basal area/acre was calculated in a similar fashion using basal area/acre data.  


 


Box-and-whiskers plots (Hoaglin et al., 1983) were used to compare the distribution of 


measurements for each metric at each sample event by patch type. The central quartiles of the 


data (the central 50% of the data) are encompassed in the shaded box with the median value 


indicated by the black line. The whiskers include all data values not considered outliers or 


extreme values. Outliers (values between 1.5 and 3 box lengths from the upper or lower edges of 


the box) are marked with open circles. Extreme values are more than three box lengths from the 


upper or lower edges of the box and are marked by asterisks.  


 


A one-tailed hypothesis test was used to compare stand conditions of prescription groups to the 


reference group at each sample event. The one-tailed null hypothesis was stated as: 


Ho: the average condition for patches receiving a particular prescription is equal to or 


greater than (or is equal to or less than) the average reference patch condition. 


A two-tailed hypothesis was used to compare changes in conditions between sample events. The 


two-tailed hypothesis was stated as: 
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Ho: average change in conditions between sample events for patches receiving a 


particular prescription = average change in conditions for the reference patches. 


Because the data were usually not normally distributed, the non-parametric two-sample Mann-


Whitney (MW) test (Conover, 1980) was used to test for differences between the reference 


patches and patches receiving one of the treatments. The MW test did not require a data 


normality assumption or a transformation of the data. The level of significance was 0.10. 


Tree Regeneration 


Percentage of plots with regeneration. Because of the prevalence of plots with zero values for 


seedling and sapling density, and very low densities when seedling or saplings were present, 


statistical analysis of these density data was not appropriate. Consequently, the analysis focused 


on the percentage of plots where regeneration was present (combined seedling and sapling count 


> 0). The percentage of understory vegetation plots with regeneration was calculated for each 


patch by counting the number of plots where at least one seedling or sapling was present and 


dividing by the total number of plots in the patch. The two-tailed hypothesis was stated as: 


Ho: the relative frequency of plots with regeneration for a prescription type = the 


relative frequency of plots with regeneration for reference patches. 


Fisher’s Exact test was used to compare the mean percentage of plots where regeneration was 


observed for the prescription patches versus reference patches at each sample event. The level of 


significance was 0.10. 


Percent understory vegetation cover. The mean percentage of shrub and herb cover for each 


patch was calculated by averaging the values for all the understory vegetation plots in the patch. 


The two-tailed hypothesis was stated as: 


Ho: average condition for patches for a Type Np prescription = average condition for 


the reference patches 


As percentages, these metrics are bounded by 0% and 100%. Examination confirmed that these 


data should not be considered normally distributed, so the MW test was used to test for 


differences between reference patches and patches receiving one of the prescription treatments. 


The level of significance was 0.10. 


Tree Mortality 


The following metrics were used to evaluate changes in tree mortality rates: 


Mortality in trees per acre per year. The tree mortality rate in trees/acre/year was calculated for 


three periods: the first three years immediately after harvest (2003 to 2006), years 4 through 5 


after harvest (2006 to 2008), and the entire first five years after harvest (2003 to 2008). The 


number of trees that died in each period was calculated by subtracting the number of live 


standing trees/acre present at the end of the period from the live standing trees/acre present at 


beginning of the period. Annual rates for each period were calculated by dividing by the number 


of years in the period. Each year included a winter storm season. To avoid underestimating 


mortality due to in-growth of young trees, we did not include trees that would have been too 


small to be counted at the beginning of the period (based on a growth rate of 0.1 inch/year) when 


calculating mortality rates.  


Percent mortality per year. This metric was calculated for each of the three time periods by 


dividing tree mortality in trees/acre during each period by the live standing trees/acre at the start 


of the period, and then dividing by the number of years in the period.  
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The objectives for the tree mortality analysis included: 1) characterizing the annual standardized 


rates for each patch type for the 2003 to 2006 period, the 2006 to 2008 period, and for the entire 


2003 to 2008 period, and 2) comparing the prescription patch rates to the reference patch rates. 


Mortality in trees/acre/year. A two-tailed hypothesis was used to compare the standardized 


annual rates for each of the three time periods stated as: 


Ho: average standardized annual rate between sample events for a prescription patch 


type = average standardized annual rate for the reference patches. 


The distribution of tree mortality rates was heavily weighted toward rates at or near zero, with an 


extended right tail to the distribution. Examination confirmed that these data should not be 


considered normally distributed so the non-parametric, two-sample MW test was used to test for 


differences between the reference patches and patches receiving one of the prescription 


treatments. The level of significance was 0.10.  


Percent mortality per year. A two-tailed hypothesis was used to compare the standardized annual 


rates for each of the three time periods stated as: 


Ho: average standardized annual rate between sample events for the prescription 


patches = average standardized annual rate for the reference patches. 


This metric was calculated as a proportional decrease, bounded by 0 and 1. Examination 


confirmed these data should not be considered normally distributed. Therefore, the MW test was 


used to test for differences between the reference patches and patches receiving one of the 


prescriptions. The level of significance was 0.10. 


Results 


Live Standing Trees 


Overview of Patterns in Live Standing Tree Metrics 


Immediately after harvest in 2003, mean live tree density in the reference patches was higher 


than the 50-ft buffers due to pre-existing differences in riparian stand conditions prior to harvest 


(Table 4, Figure 2). Mean live tree density decreased by about 25 trees/acre in both the reference 


and 50-ft buffers over the first five years following harvest. On average, the 50-ft buffers lost 


more basal area between 2006 and 2008 than the reference patches. Live tree density and basal 


area/acre were low in the clear-cut patches following harvest, indicating that few trees remained 


after harvest. Mean diameter breast height and quadratic mean diameter were greater in the 50-ft 


buffers than the reference patches in 2006 and 2008 (Error! Reference source not found.).  
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Figure 2. Distributions of standing live trees per acre by patch type, at each sample event. 
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Table 4. Descriptive statistics for live standing tree metrics by patch type; immediately (2003), 


three years (2006) and five years (2008) after harvest. 


Patch Type n 
Live trees/acre Basal area/acre (ft


2
) Live DBH (in) Live QMD (in) 


Mean SD
1
 Mean SD


1
 Mean SD


1
 Mean SD


1
 


2003           


Reference 14 234.5 76.9 -2  -2  -2  


50-ft buffer 13 149.3 60.7 -2  -2  -2  


Clear-cut 8 12.5 27.3 -2  -2  -2  


PIP buffer 3 195.2 61.5 -2  -2  -2  


2006           


Reference 13 217.8 66.2 218.1 35.8 12.9 2.6 14.0 2.8 


50-ft buffer 12 127.5 64.0 160.5 68.1 14.3 3.2 15.9 3.5 


Clear-cut 7 2.7 3.9 1.8 2.2 11.5 8.1 11.9 8.1 


PIP buffer 3 118.7 20.4 178.3 72.0 14.9 1.2 16.3 2.0 


2008           


Reference 14 210.4 72.7 212.3 43.3 13.0 2.7 14.1 2.8 


50-ft buffer 13 122.2 71.1 148.0 74.2 13.9 3.5 15.7 3.8 


Clear-cut 8 12.0 27.5 6.1 14.6 7.9 2.7 8.4 3.1 


PIP buffer 3 82.7 37.2 130.8 76.8 14.9 1.6 16.5 2.7 
1 SD = standard deviation; 2 data not available for the 2003 post-harvest event. 


 


Conifers were dominant over broad-leaf trees in all patch types (Table 5). There was little change 


in percentage of conifers in the reference and 50-ft buffer patches over the five year period, 


despite mortality and in-growth. The percentage of conifers was lower in the clear-cut patches 


and decreased over time.  


 


Table 5. Mean percentage of conifer (trees/acre and basal area/acre) by patch type.  


 
Percent conifer trees/acre Percent conifer basal area/acre 


Immediately after harvest 5 years after harvest 5 years after harvest 


Reference 78.3 78.4 82.8 


50-ft buffer 70.5 70.6 77.9 


Clear-cut 82.5 68.2 64.9 


PIP buffer 95.6 96.0 95.3 


 


The mean percentage of live standing trees by species immediately after harvest (2003) and after 


five years (2008) is shown in Table 6. Initially after harvest, western hemlock and Douglas-fir 


were the dominant species by tree count in the reference stands, each with slightly over one-third 


of the total tree count, and red alder ranked third. Western hemlock was the most common 


species in the 50-ft buffers, followed by red alder and Douglas-fir. Western hemlock and western 


red cedar were the dominant species following harvest in the clear-cut and PIP buffer patches. 


Over the five year period, the percentage of western hemlock decreased in the buffer patches, 


and the percentage of western red cedar increased. Species composition remained stable in the 


reference patches. 
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Table 6. Mean percent live tree count by species for each patch type. 


 Reference 50-ft buffer PIP buffer Clear-cut 


Species 2003 2008 2003 2008 2003 2008 2003 2008 


Western hemlock (Tsuga heterophylla) 34.62 34.91 39.29 36.08 70.78 57.60 38.73 20.74 


Douglas-fir (Pseudotsuga menziesii) 36.39 37.01 19.24 20.07 1.73 0.00 2.38 25.00 


Red alder (Alnus rubra) 16.44 16.42 22.36 22.54 4.44 4.01 10.78 19.34 


Western red cedar (Thuja plicata) 4.33 4.61 6.75 9.01 21.29 31.35 23.38 15.00 


Big-leaf maple (Acer macrophylla) 2.23 2.38 4.93 5.32 0.00 0.00 6.76 12.43 


Sitka spruce (Picea sitchensis) 1.98 1.00 2.92 4.10 1.75 7.04 2.38 5.00 


Pacific silver fir (Abies amabilis) 0.73 0.00 1.68 0.01 0.00 0.00 14.29 0.00 


Hypothesis Testing for Live Standing Tree Metrics 


This section presents results of the Mann-Whitney (MW) test conducted to determine if there 


were significant differences between the reference and 50-ft buffer or clear-cut patches in the 


live standing tree metrics at each sample event. A second test was conducted to determine if the 


change in values between sample events for each prescription were significantly different from 


the changes observed in the reference patches. Statistical tests were not conducted on the PIP 


buffers due to the small sample size, but observations are presented in a separate section.  


Clear-cut vs. reference comparison 


There was a large difference between the reference and clear-cut patches in mean live trees/acre 


and live basal area/acre immediately after harvest in 2003 because most trees in the clear-cut 


patches were cut (Error! Reference source not found.). These differences persisted for the 


entire five year period and were significant for all sample events (P < 0.001), so the null 


hypotheses were rejected and we concluded that live tree density and live basal area/acre were 


significantly lower in the clear-cut patches after harvest. 


50-ft buffer versus reference comparison 


Mean live tree density was higher in the reference patches than the 50-ft buffers immediately 


after harvest. The difference was statistically significant so the null hypothesis was rejected 


(Table 7). The difference is due to the higher density of the reference patches at the start of the 


study rather than to harvest-related mortality in the 50-ft buffers. The initial difference in mean 


live tree density persisted and was significant in 2006 and 2008 despite decreases in live tree 


density for both the 50-ft buffer and reference patches. Live basal area/acre was also 


significantly lower in the 50-ft buffers in 2006 and 2008. 
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Table 7. 50-ft buffer prescription versus reference patch comparison for mean live trees/acre and 


mean live basal area/acre by sample event with results of the Mann-Whitney test. 


Sample Event 
50-ft Buffer 


Mean 
Reference 


Mean 
Difference  


(50-ft Buffer–Reference) 
P-value of the 


MW test
a
 


Standing Live Trees per Acre 


2003 149.3 234.5 -85.2 0.003 


2006 127.5 217.8 -90.3 0.002 


2008 122.2 210.4 -88.2 0.002 


Standing Live Tree Basal Area per Acre 


2006 160.5 218.1 -57.6 0.007 


2008 148.0 212.3 -64.3 0.010 
a
 One-sided test of Ho: prescription ≥ reference.  Tests significant with P ≤ 0.10 are in bold. 


 


The mean change (decrease) in live trees/acre was nearly three times greater for the 50-ft buffers 


than the reference patches in the 2003 to 2006 period, and the difference was significant so the 


null hypothesis was rejected (Table 8) and we concluded that there was a treatment effect. 


However the differences were not significant for the 2006 to 2008 period or for the entire five 


year period so the null hypothesis was not rejected for these periods.  


 


Table 8. 50-ft buffer prescription versus reference patch comparison of mean change between 


sample events for live trees/acre and basal area/acre, with results of the Mann-Whitney test. 


Time Period 
Mean Change 


50-ft Buffer 
Mean Change 


Reference  
Difference  


(50-ft buffer–Reference) 
P-value of the 


MW test
a
 


Change in Standing Live Trees per Acre  


2003-2006 -23.0 -8.0 -15.0 0.051 


2006-2008 -6.6 -16.2 9.6 0.437 


2003-2008 -27.1 -24.1 -3.0 1.000 


Change in Standing Live Tree Basal Area per Acre 


2006-2008 -7.5 -2.2 -5.3 0.406 


a
 Two-sided test of Ho: prescription = reference; tests significant with P ≤ 0.10 are in bold 


 


There was not a significant difference between the 50-ft buffer and reference patches in the 


percentage of live conifer, by trees/acre or basal area/acre. 


PIP Buffer Observations 


The three PIP buffer patches followed the pattern of declining trees/acre and basal area/acre 


observed in the 50-ft buffer patches over the post-harvest period, however the rate of decrease 


was greater in the PIP buffers (Table 4). Immediately after harvest in 2003, mean live trees/acre 


was greater in the PIP buffer patches than the 50-ft buffer patches but by 2008 the mean density 


for the PIP buffers had decreased by over 50% and was 40 trees/acre less than the mean for the 


50-ft buffers. Mean basal area/acre also decreased between 2006 and 2008 in the PIP buffers.   


Dead Standing Trees 


Overview of Patterns in Dead Standing Tree Metrics 


Table 9 shows dead tree metrics by patch type, immediately after harvest (2003), three years 


after harvest (2006) and after five years (2008). Immediately after harvest, mean dead standing 
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tree density was higher in the reference patches than the 50-ft buffers. Over the next five years, 


the increase in dead trees/acre was greater in the reference patches than in the 50-ft buffers. 


Mean dead tree density and basal area/acre were low in the clear-cut patches because most trees 


were cut.  


 


Table 9. Descriptive statistics for dead standing tree metrics by patch type; immediately (2003), 


three years (2006) and five years (2008) after harvest. 


Patch Type n 
Dead trees/acre 


Dead basal 
area/acre (ft


2
) 


Dead DBH (in) 


Mean SD1 Mean SD1 Mean SD1 


2003         


Reference 14 28.9 17.0 2  2  


50-ft buffer 13 21.8 15.7 2  2  


Clear-cut 8 2.3 3.6 2  2  


PIP buffer 3 19.0 18.1 2  2  


2006         


Reference 13 37.1 21.5 31.9 35.2 9.2 2.5 


50-ft buffer 12 24.8 18.2 23.1 17.1 11.3 1.5 


Clear-cut 7 1.5 2.7 2.1 5.0 10.4 5.1 


PIP buffer 3 25.2 17.8 43.2 22.2 17.7 8.2 


2008         


Reference 14 38.0 25.3 28.8 30.8 9.0 2.5 


50-ft buffer 13 24.7 17.1 24.6 18.0 11.4 2.3 


Clear-cut 8 2.5 3.9 1.4 2.5 8.8 2.2 


PIP buffer 3 19.0 9.3 43.3 25.2 18.2 5.2 
1 SD = standard deviation; 2 data were not available for the 2003 post-harvest event. 


 


Hypothesis Testing for Dead Standing Tree Metrics 


This section presents results of the Mann-Whitney (MW) test conducted to determine if there 


were significant differences between the reference and 50-ft buffer or clear-cut patches in the 


dead standing tree metrics at each sample event. A second test was conducted to determine if the 


changes in values between sample events for each prescription were significantly different from 


the changes observed in the reference patches. Statistical tests were not conducted on the PIP 


buffers due to the small sample size, but observations are presented in a separate section.   


Clear-cut vs. reference comparison 


Immediately after harvest in 2003, dead standing tree density was very low in the clear-cut 


patches (Table 9), and dead tree density and basal area remained very low in the clear-cut 


patches in 2006 and 2008. The differences between the clear-cut and reference patches were 


statistically significant for all sample events (P < 0.001), so the null hypotheses were rejected 


and we concluded that dead standing tree density and basal area/acre were significantly lower in 


the clear-cut patches after harvest.  


50-ft buffer vs. reference comparison 


Mean dead tree density in the 50-ft buffers immediately after harvest in 2003 was lower than the 


reference patch value but the difference was not significant (Table 10). Mean dead standing tree 


density increased in the reference patches between 2003 and 2006, while there was little change 
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in the 50-ft buffers. The differences were statistically significant for the 2006 and 2008 sample 


events, so the null hypothesis was rejected. Despite the differences in density, mean dead basal 


area/acre for the 50-ft buffer and reference patches was similar in 2008 due to the smaller mean 


DBH of dead trees in the reference stands.  


 


Table 10. 50-ft buffer prescription versus reference comparison for mean dead standing 


trees/acre and dead basal area/acre by sample event, with results of the Mann-Whitney test. 


Sample Event 
50-ft Buffer 


Mean 
Reference 


Mean 
Difference  


(50-ft Buffer–Reference) 
P-value of the 


MW test
a
 


Standing Dead Trees per Acre 


2003 21.8 28.9 -7.1 0.160 


2006 24.8 37.1 -12.3 0.084 


2008 24.7 38.0 -13.3 0.047 


Standing Dead Basal Area per Acre 


2006 23.1 31.9 -8.8 0.384 


2008 24.6 28.8 -4.2 0.453 


a
 One-sided test of Ho: prescription ≥ reference.  Tests significant with P ≤ 0.10 are in bold. 


PIP Buffer Observations 


Immediately after harvest in 2003, the mean density of dead standing trees in the three PIP buffer 


patches was similar to that of the 50-ft buffer patches (Table 9). Dead tree density in the PIP 


buffer patches increased between 2003 and 2006 and then decreased in 2008. Mean dead basal 


area/acre in the PIP buffers was greater than in the 50-ft buffer patches due to the greater mean 


diameter of dead trees in the PIP buffers.  


In-growth 


In-growth occurs when saplings grow and reach the 4 inch DBH threshold to be classified as 


trees. In-growth of new trees in trees/acre was similar in the reference and 50-ft buffer patches 


and much lower in the clear-cut and PIP buffer patches during the first five years after harvest 


(Table 11). However, as a percentage of total live trees/acre the rate of in-growth in the 50-ft 


buffers was double the rate of in-growth in the reference patches. Because the diameter of these 


young trees is small (4 - 4.5 in), in-growth contributed less than 1 ft
2
 of basal area/acre, making 


up less than 1% of the total live basal area for the reference patches and 50-ft buffers.  


 


Table 11. In-growth in trees/acre and basal area/acre as a percentage  


of total live trees first five years after harvest by patch type. 


Patch type Trees/acre 
Percent of total 
live trees/acre 


Basal 
area/acre 


Percent of total live 
basal area/acre 


Reference 7.8 3.3% 0.8 0.4% 


50-ft buffer 8.8 7.0% 0.9 0.7% 


Clear-cut 0.8 6.5% 0.1 2.2% 


PIP buffer 3.4 3.4% 0.4 0.2% 


 


Seedling and Sapling Regeneration 


The percentage of understory vegetation plots where seedlings or saplings were present is shown 


in Table 12. Immediately after harvest in 2003, seedlings/saplings were present in a similar 
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percentage of understory vegetation plots in the reference and 50-ft buffer patches. There was 


little change over time in the mean percentage of plots with regeneration for the reference 


patches, while the percentage tripled in the 50-ft buffers patches. The percentage of plots with 


seedlings and samplings in the clear-cut patches increased between 2003 and 2006; however the 


2006 and 2008 clear-cut data include seedlings from reforestation planting required by the forest 


practices rules.   


 


Table 12. Percentage of understory vegetation plots with seedlings or saplings by patch type. 


 2003 2006 2008 


Reference 12.5% 10.0% 11.1% 


50-ft buffer 11.8% 21.0% 36.8% 


Clear-cut 16.7% 42.3% 39.6% 


PIP buffer 27.8% 38.9% 38.9% 


 


The mean percentages of shrub and understory plant cover by patch type are shown in Table 13. 


Immediately after harvest in 2003, the percentage was similar for the 50-ft buffer and reference 


patches and lower in the clear-cut patches. Three years after harvest in 2006, mean shrub and 


plant cover increased for all patch types, with the greatest change in the 50-ft buffer (+19.8%) 


and clear-cut patches (+32.5%). Plant cover in the reference and 50-ft buffer patches decreased at 


year five, while remaining steady in the clear-cut patches. 


 


Table 13. Descriptive statistics for percent shrub and understory plant cover by patch type; 


immediately (2003), three years (2006) and five years after harvest (2008). 


Patch Type n 
2003 2006 2008 


Mean SD
1
 Mean SD


1
 Mean SD


1
 


Reference 14 33.1% 14.7 43.4% 16.1 25.7% 10.4 


50-ft buffer 13 29.3% 23.4 49.1% 17.2 32.7% 16.0 


Clear-cut 8 10.8% 10.9 43.3% 20.4 41.9% 17.1 


PIP buffer 3 12.6% 3.1 28.5% 11.4 30.6% 16.2 


1 SD = standard deviation 


Hypothesis testing for regeneration metrics 


This section presents results of Fisher’s Exact test that was conducted to determine if there were 


significant changes in the percentage of plots with regeneration and in the percentage of shrub 


and understory plant cover at each sample event in the 50-ft buffer and clear-cut patches in 


comparison to the reference patches. Statistical tests were not conducted on the PIP buffers due 


to the small sample size, but observations are presented in a separate section. 


Clear-cut vs. reference comparison 


There was not a significant difference in the mean percentage of understory vegetation plots with 


regeneration between the clear-cut patches and reference patches immediately after harvest in 


2003 (Table 12). However, the mean percentage for the clear-cut patches increased to about 4 


times the reference patch level in 2006 and 2008 and the differences were statistically for these 


events. Young conifers were planted in the clear-cut patches as required by the forest practices 


rules, and the regeneration data for the clear-cut patches included both planted stock as well a 


natural regeneration in 2006 and 2008.  
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The differences between the clear-cut and the reference patches in percent shrub and understory 


plant cover were statistically significant for the 2003 and 2008 sample events (P ≤ 0.035), 


however the mean clear-cut patch value was lower than the reference immediately after harvest 


and higher after five years (Table 13). Consequently, we rejected the null hypotheses for those 


events and concluded there was an increasing trend in percent shrub and understory plant cover 


in the clear-cut patches over the first three years following treatment.  


50-ft buffer vs. reference comparison 


The percentage of understory vegetation plots where regeneration was observed was similar for 


the 50-ft buffer and reference patches immediately after harvest (Table 12). The percentage of 


plots with regeneration increased in 2006 and 2008 for the 50-ft buffers to 2 and 3 times the 


reference rates, respectively. These differences were statistically significant, so we concluded 


that regeneration was greater in the 50-ft buffer patches in 2006 and 2008. There were no 


significant differences between the 50-ft buffers and the reference patches in mean percentage of 


shrub and understory plant cover for any time period so the null hypotheses were not rejected. 


PIP Buffer Observations 


The mean rate of in-growth during the first five years after harvest for the three PIP buffer 


patches was lower than for the 50-ft buffer patches (Table 11). The mean percentage of plots 


with regeneration was greater initially greater in the PIP buffer patches than in the 50-ft buffers 


(Table 12). Although the percentage of PIP buffer plots with regeneration increased from 27.8% 


immediately after harvest to 38.9% in 2008, the rate of increase was greater in the 50-ft buffer 


patches, and by 2008 the percentages were similar. The mean percentage of shrub and understory 


plant cover in the PIP buffers was about half that of the 50-ft buffers immediately after harvest in 


2003, but increased over time and was similar to the percentage in the 50-ft buffers by 2008 


(Table 13).   


Tree Mortality 


Overview of Patterns in Tree Mortality 


This section describes patterns in tree mortality for years 1-3 after harvest (2003-2006), years 4-5 


after harvest (2006-2008) and the first five years after harvest (2003-2008). Mortality includes 


live trees that died during the period, regardless of whether they fell or not. Table 14 shows mean 


tree mortality by patch type as the percentage of live trees that died per year and in trees/acre/yr.  


The distribution of patch values is shown in Figure 3. During the first three years after harvest 


(2003-2006), mean tree mortality in the 50-ft buffer patches was over twice the reference patch 


rate in trees/acre/yr and over three times the reference patch rate as a percentage of live trees that 


died per year (due to the lower starting density in the 50-ft buffer patches). During years 4-5 after 


harvest (2006-2008), tree mortality as a percentage of live trees increased for all patch types, but 


the increase was greater in the reference patches than the 50-ft buffer patches. Over the entire 5 


year period, percent mortality in the 50-ft buffers (5.5%/year) was nearly double the rate for the 


reference patches (2.7%/year), although there was little difference in mortality expressed as 


trees/acre/yr. Mortality as a percentage of live trees was greater in the clear-cut patches than in 


the reference or 50-ft buffer patches for all time periods, however the mortality rate in 


trees/acre/yr was low because the density of live trees available as potential mortality was low. 
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Table 14. Descriptive statistics for tree mortality metrics by patch type for years 1-3 (2003-


2008), years 4-5 (2006-2008) and the entire first five years (2003-2008) after harvest. 


Patch Type n 


Tree Mortality 


Percent mortality/yr Mortality in trees/acre/yr 


Mean SD
1
 Mean SD


1
 


2003-2006       


Reference 14 1.9 % 1.5 % 4.5 4.7 


50-ft buffer 13 6.8 % 6.9 % 9.6 9.3 


Clear-cut 8 12.1 % 16.6 % 0.2 0.2 


PIP buffer 3 11.7 % 8.6 % 26.3 25.4 


2006-2008       


Reference 13 4.1 % 4.1 % 8.5 8.9 


50-ft buffer 12 7.4 % 10.2 % 5.1 5.1 


Clear-cut 7 16.0 % 22.9 % 0.3 0.3 


PIP buffer 3 16.8 % 11.7 % 18.5 10.9 


2003-2008       


Reference 14 2.7 % 1.7 % 6.4 4.4 


50-ft buffer 13 5.5 % 5.2 % 7.4 7.0 


Clear-cut 8 10.0 % 9.5 % 0.3 0.3 


PIP buffer 3 10.6 % 6.3 % 23.2 19.2 
1 SD = standard deviation 
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Figure 3. Distributions of proportional rates of tree mortality by patch type for the 2003-2006 


(left panel), 2006-2008 (center panel) and 2003-2008 (right panel) time periods.  


Hypothesis Testing for Tree Mortality Metrics 


This section presents results of the Mann-Whitney (MW) test conducted to determine if there 


were significant differences between the reference and 50-ft buffer or clear-cut patches for mean 


annual rates of tree mortality in trees/acre/yr and percent/yr for each of three post-harvest time 


periods. Statistical tests were not conducted on the PIP buffers due to the small sample size, but 


observations are presented in a separate section. 


Clear-cut vs. reference comparison 


Tree mortality in trees/acre/yr for the clear-cut patches was very low for all time periods because 


few live trees remained after harvest (Table 14). The differences between the clear-cut and 
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reference rates for tree mortality on a trees/acre basis were statistically significant for all time 


periods (P ≤ 0.003). In contrast, the percentage of the live trees that died during each period was 


high for the clear-cut patches, 6 times the reference rate for the first three years after harvest, and 


about 4 times the reference rate for years 4-5 and the entire five year period. However, the 


difference between the clear-cut and the reference patches in percent mortality was not 


statistically significant so the null hypothesis was not rejected for any time period. 


50-ft buffer vs. reference comparison 


Mean tree mortality as the percentage of live trees that died per year during the first three years 


after harvest (2003-2006), was 3.5 times greater in the 50-ft buffers than the reference rate. This 


difference was statistically significant so the null hypothesis was rejected (Table 15). Although 


mean mortality in trees/acre/yr was twice as high in the 50-ft buffers as in the reference patches 


during the first three years, the probability level (P = 0.148) did not reach the threshold of 


significance so the null hypothesis was not rejected. Tree mortality increased in the reference 


patches between 2006 and 2008, and the difference in the percentage of live trees that died was 


not significant. Because the mean starting density in the 50-ft buffers was lower at the start of the 


second period, mortality in trees/acre/yr was lower in the 50-ft buffers. Over the entire five year 


period, mean tree mortality as a percentage of live trees is nearly twice as high for the 50-ft 


buffers as the reference patches, while mean mortality in trees/acre/yr was only slightly higher in 


the 50-ft buffers. Neither difference was significant, so the null hypothesis was not rejected.  


 


Table 15. 50-ft buffer versus reference comparison for tree mortality rates as percentage of live 


trees that died in each period with results of the Mann-Whitney test. 


Sample Event 
50-ft buffer 


Mean 
Reference 


Mean 
Difference  


(50-ft buffer–Reference) 
P-value of the 


MW test
a
 


Tree mortality (percent per year) 


2003-2006 6.8% 1.9% 4.9% 0.044 


2006-2008 7.4% 4.1% 3.3% 0.688 


2003-2008 5.5% 2.7% 2.8% 0.169 


Tree mortality (trees per acre per year) 


2003-2006 9.6 4.5 5.1 0.148 


2006-2008 5.1 8.5 -3.4 0.252 


2003-2008 7.4 6.4 1.0 0.991 


a
 Two-sided test of Ho: prescription = reference; tests significant with P ≤ 0.10 are in bold. 


PIP Buffer Observations 


Tree mortality rates in the three PIP buffers were consistently higher than rates in the 50-ft 


buffers during all time periods. Over the five year period, the PIP buffer mortality rate was about 


twice as high as the rate for the 50-ft buffers in terms of percent mortality and three times as high 


in terms of trees/acre/yr (Table 14). The mean percentage of live trees that died in the PIP buffers 


was greater in 2006-2008 period than in the 2003-2006 period, although mortality in trees/acre 


decreased. This was due to the lower density of live trees in the second period due to high 


mortality in the previous period.  
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Tree Mortality Processes 


Tree mortality processes were grouped into five categories: wind, suppression, physical damage 


(knocked down by other falling trees), other (erosion, insect, lightening, etc.) and unknown. 


Table 16 shows the percentage of tree mortality attributed to each category.  


 


During the first three years after harvest (2003-2006), wind was the primary cause of mortality in 


the 50-ft buffers and PIP buffers. In contrast, wind was a minor factor the reference patches 


during this period while suppression accounted for a greater proportion of the mortality.
 3


 During 


years 4-5 after harvest (2006-2008), wind continued to be the primary tree mortality agent in the 


50-ft buffers (51.9%) and PIP buffers (97.2%), and mortality from wind increased to 34.7% in 


the reference patches, exceeding mortality attributed to suppression. Over the entire five year 


period (2003-2008), wind accounted for about half of the mortality in the 50-ft buffers and 


86.8% of mortality in the PIP buffers compared to 28.5% in the reference patches.  


 


Table 16. Percentage of tree mortality by mortality processes, patch type and time period. 


Time 
period Patch type Wind Suppression Physical Other Unknown 


2003 


to 


2006 


Reference 6.8 23.7 4.8 9.5 55.1 


50-ft buffer 55.5 0.93 12.5 1.4 29.7 


PIP buffer 73.7 0 26.3 0 0 


2006 


to 


2008 


Reference 34.7 26.3 6.7 1.4 30.8 


50-ft buffer 51.9 5.7 5.7 1.2 35.5 


PIP buffer 97.2 0 2.8 0 0 


2003 


to 


2008 


Reference 28.5 23.9 6.9 4.7 36.0 


50-ft buffer 49.5 2.9 10.0 1.8 35.8 


PIP buffer 86.8 0 13.2 0 0 


Discussion 


Changes in Riparian Stands Following Harvest under the Prescriptions 


The mean density of live trees decreased over time in both the 50-ft buffer and reference patches 


over the five year period. During the first three years after harvest, the decrease in live tree 


density was greater in 50-ft buffers than the reference patches, and the difference was 


statistically significant. However, over the entire five year period, mean change in density for the 


50-ft buffers was similar to that in un-harvested reference stands. The decrease in mean density 


was greater for PIP buffers than for the 50-ft buffer or reference stands for all time periods.  


The clear-cut patches had very low densities of live or dead standing trees after harvest. 


Although this finding appears obvious, it addresses uncertainty about the number of riparian 


trees voluntarily left along Type Np streams in clear-cut reaches due to operational 


considerations. 


                                                 
3
 In all likelihood mortality from suppression is under-estimated because it was difficult to determine the mortality 


process for dead standing trees, so it is likely some trees that died from suppression were reported as ‘unknown’ 
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Effect of Tree Mortality Rates on Riparian Stand Trajectory 


The decreasing trend in tree density and basal area over time indicates that tree mortality 


processes had a greater effect on stand conditions than in-growth (growth of saplings into trees) 


for all patch types. Over the first five years after harvest, mortality on a percentage basis was 


about 4 times greater than in-growth for the reference and 50-ft buffer patches, over 8 times 


higher for the clear-cut patches and over 15 times higher for the PIP buffers (Table 17).  


 


Table 17. Comparison of mean mortality and in-growth rates for the first five years harvest. 


Patch type 
Mortality In-growth 


Trees/acre Percentage Trees/acre Percentage 


Reference 31.9 13.6% 7.8 3.3% 


50-ft buffer 36.9 27.3% 8.8 7.0% 


Clear-cut 1.4 50.0% 0.8 6.5% 


PIP buffer 116.0 52.8% 3.4 3.4% 


Factors Contributing to Differences in Mortality Rates Among Patch Types 


Wind-throw was the dominant mortality process over time and strongly influenced patterns in 


tree mortality. The primary factors influencing wind-throw rates appear to be: 1) differences in 


vulnerability to wind damage associated with timber harvest treatment and topographic setting, 


and 2) differences in the strength of wind storms that occurred during the two sampling periods. 


These factors, and the interaction between them, appear to explain much of the variation in tree 


mortality rates. However, there was extensive variability in tree mortality, both within 


prescription groups and within sample periods, indicating that site-specific factors affecting wind 


speed or the sensitivity of trees to wind damage influence tree mortality rates at individual sites.  


Vulnerability of riparian buffers to wind damage 


The tree mortality data from the first three years after harvest highlight the vulnerability of newly 


established buffers to wind damage after the adjacent timber is harvested. During this period four 


wind-storms of moderate intensity (40-60 mph peak wind speed) were recorded at weather 


stations in the area and tree mortality rates followed a distinct pattern. The reference patches, 


riparian stands embedded in continuous second-growth forests, had the lowest mean tree 


mortality rates (1.9%/yr). Tree mortality rates were higher (6.8%/yr) in the 50-ft buffers, which 


consisted of 50-foot wide bands of trees left along both sides of the stream and in the PIP buffers 


(11.7%/yr), small circles of trees surrounded by clear-cuts located at the upper end of the 


drainage. The higher tree mortality rates in the 50-ft buffers in comparison to the reference 


patches appear to be explained by differences in wind exposure (Scott and Mitchell, 2005). 


Greater wind-throw rates have been documented on the edges of recently harvested stands, 


particularly when the edge of the cut-block is perpendicular to the direction of prevailing winds 


(Rollerson et al., 2005; Liquori, 2006). Abrupt forest edges act as solid bodies that divert the 


approaching airflow upward, causing accelerated velocity and turbulence as wind is forced up 


and over the stand (Ruel et al., 2001; Dupont and Brunet, 2008). Trees growing in a dense stand 


are not wind-firm when the adjacent trees are removed (Oliver and Larson, 1996), so wind 


damage is common in buffer strips and along the edges of cut-blocks until the edge trees have 


adjusted to the change in exposure and become more wind-firm through mechanisms such as 


increased root growth or loss of branches (Ruel et al., 2001; Rollerson et al. 2005; Scott and 


Mitchell, 2005). In contrast, the reference stands had the protection of surrounding trees.  
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The PIP buffers appear to be more vulnerable than the 50-ft buffers to wind damage due to the 


smaller size of the patches of trees and greater exposure to wind because they are located on 


upper slopes and the surrounding trees have been clear-cut. This is consistent with studies that 


have documented greater wind damage in small, isolated patches of trees surrounded by clear-cut 


(Rollerson et al., 2005; Scott and Mitchell, 2005) and to trees in upper slope locations due to 


increased wind exposure and greater fetch distance (Nowacki and Kramer, 1998; Rollerson et al. 


2005). Ruel et al. (2001) observed that wind speed accelerated moving upslope on hills facing 


the prevailing winds, with the wind speed doubling by the time it reached the hilltop. In contrast, 


the 50-ft buffer patches were often located in lower slope locations that typically have more 


topographic protection from high winds except when the valley orientation concentrates and 


funnels approaching winds. 


Increased wind damage associated with high intensity winds 


There was a different pattern of tree mortality in years 4-5 after harvest due to the high intensity 


wind storms during that period. In the December 2007 storm, winds reached hurricane force with 


recorded wind speeds in excess of 90 mph at Astoria and as high as 140 mph on Naselle Ridge in 


the Willapa Hills. High winds associated with this storm were sustained for an unusually long 


duration (Office of the Washington State Climatologist, 2009). This storm caused widespread 


wind-throw of trees, both along cut edges of forests and in patches within continuous stands. 


Wind damage at the study sites was highly variable; with high mortality in some reference and 


buffer patches but not in others. Instead of the decrease in mortality rates we expected as the 


buffers became wind firm, the biggest change was a large increase in tree mortality in the 


reference patches, where the mean tree mortality rates were twice the rates for the previous 


period and mortality from wind exceeded mortality from suppression. Mortality in the 50-ft 


buffers and PIP buffers increased in terms of percentage of trees that died but decreased during 


this period in terms of trees/acre/yr and the differences in mortality rates between the 50-ft 


buffers and the reference patches was not significant. The more muted response in the buffer 


patches during the second period may have been due to the fact that many vulnerable trees had 


already blown down during the previous three years, and the surviving trees had become more 


wind firm after being exposed to the wind for three years. Widespread tree mortality from 


extremely strong wind storms has been widely documented (Oliver and Larsen, 1986; Nowacki 


and Kramer, 1998; Ruel et al., 2001; Rollerson et al., 2005). Ruel et al. (2001) documented a 


large increase in tree mortality in buffers associated with an extreme wind storm that occurred 


five years after harvest, following a period in which post-harvest mortality rates were stabilizing. 


Wind damage associated with their extreme event was patchy in distribution due to differences in 


wind exposure and wind-speed related to upwind topography, which accelerated and 


concentrated the wind in some locations causing heavy wind damage while providing shelter 


from approaching winds in other areas which had little wind damage. Nowacki and Kramer 


(1998) observed similar differences in wind disturbance determined by topography in relation to 


the prevailing direction of wind storms in SE Alaska.   


 


In summary, our data indicate that during the period with wind-storms of moderate magnitude, 


tree mortality rates in the buffers following harvest were greater than in the reference patches. 


However, during the period with high magnitude wind events, the treatment effect was less 


evident. This is consistent with the findings of Ruel et al. (2001), who found that the majority of 


mortality in new buffers occurs in the first few years following creation of a new forest edge, but 


during severe windstorms factors such as topographic exposure were more important than buffer 


width in determining wind-throw rates. More time is needed to determine if tree mortality rates 
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in the buffer and reference patches will stabilize and decrease over time following the large wind 


storms of the 2006-2008 period.   


Variation in Tree Mortality Rates and Implications for Future Stand 
Conditions 


Figure 4 shows the distribution of tree mortality rates by patch type as a percentage of trees that 


died per year during the first five years after harvest. Variability in tree mortality rates was 


lowest in the reference patches. Nearly 80% of the reference patches had low cumulative 


mortality (0-20%) over the five year period and the remaining patches had 20-40% mortality. 


The distribution of mortality rates for the 50-ft buffers resembles the reference patch distribution 


for the low mortality categories; about 50% of the 50-ft buffers had low mortality (0-20%) and 


another 25% had 20-40% mortality. However, the distribution for the 50-ft buffers differs 


because there is more variability and higher mortality rates for a sub-set of sites. About 25% of 


the 50-ft buffers had mortality in excess of 40% over the five year period, compared to none of 


the reference patches. The distribution of the PIP buffers is also variable, with one patch in the 0-


20% category, one in the 40-60% category, and one in the 80-100% category.  
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Figure 4. Cumulative tree mortality over the first 5 years after harvest by patch type. 


 


This variability in tree mortality rates among patch types is contributing to increased variability 


in riparian stand conditions in young forests typical of managed forest land in western 


Washington. The reference patch data indicate that young (35-50 year old) riparian stands are 


typically dense (mean of about 200 trees/acre), and mortality is dominated by suppression (in the 


absence of extreme wind-storms). Higher and more variable mortality rates in the buffers are, on 


average, reducing density and increasing variability in stand conditions. Mortality also appeared 


to contribute to changes in the species composition in the 50-ft buffer and PIP buffers, where 


there was a decrease in the percentage of western hemlock and an increase in western red cedar 


(apparently due to the greater susceptibility of western hemlock to wind-throw). Dead tree 


density did not increase over time in the PIP buffers and 50-ft buffers despite substantial 


mortality, while dead tree density increased in the reference patches. This response appears due 


to differences in the mortality processes. Wind was the dominant mortality process in the buffer 


patches. Trees uprooted by the wind do not create new snags, and apparently the number of new 


snags created by stem breakage was roughly equal to the number of existing snags that were 
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knocked over by wind or other fallen trees. Suppression mortality typically results in standing 


dead trees, which appears to explain the increase in dead tree density in the reference patches.   


 


Oliver and Larsen (1996) identify four stand development stages: stand initiation, stem 


exclusion, understory re-initiation and old growth. These stands initiated approximately 40-60 


years ago, and prior to this latest harvest were single-aged stands in the stem exclusion stage, as 


indicated by the suppression mortality in the reference stands. The difference in cumulative 


mortality following harvest affects the current condition and trajectory of these stands over time. 


The reference and 50-ft buffers with low mortality should continue to progress through the stem 


exclusion stage as single-aged stands, with reduced mortality from competition where wind-


throw has thinned the stands (Liquori, 2000). In contrast, the density of remaining trees is lower 


in the buffers with higher mortality. Nowacki and Kramer (1998) identified two scenarios for 


stands impacted by large wind-throw events. Stands where most trees are killed return to the 


stand initiation stage and generate a new single-aged stand if conifer regeneration is successful. 


Stands with partial mortality undergo understory re-initiation in the gaps, and continue 


development as a multiple-cohort stand with patches of new trees interspersed with the surviving 


older trees (Nowacki and Kramer, 1998; Liquori, 2000). The success of natural conifer 


regeneration will be a critical factor determining future stand conditions in buffers with high 


mortality. Competition from shrubs and broad-leafs may limit regeneration in some cases, 


increasing range of future stand conditions (Oliver and Larson, 1986; Liquori, 2000).  


Implications for FFR Resource Objectives 


Post-harvest stand conditions, and patterns in tree mortality rates over time, have implications for 


recent and future riparian processes and conditions including tree fall and LWD recruitment, 


channel debris loading, shade, soil disturbance and channel debris loading that help determine to 


what extent the FFR resource goals and functional objectives are achieved. These are discussed 


in the following sections, and in the synthesis and conclusion section at the end of the report.  


TREE FALL  
This analysis addresses uncertainty concerning changes in tree fall (uprooting and stem 


breakage) rates following timber harvest under the Type Np riparian prescriptions.   


Critical Questions 


1. What are tree fall rates after application of westside Type Np riparian prescriptions? 


2. What is the magnitude and duration of change in tree fall rates associated with the westside 


Type Np riparian prescriptions compared to un-harvested reference sites? 


Data Collection Procedures 


Uprooted trees are either living or dead trees that fell with the roots attached (the roots no longer 


support the weight of the tree). Broken trees are living or dead trees that broke off along the stem 


(with the broken piece  4 inches in diameter at the large end). When the upper portion of a tree 


broke off but the stem remained standing and was at least 4.5 ft high, the standing portion was 


treated as a standing tree and the broken portion treated as a broken tree (if large enough to 


qualify). Data were collected only on uprooted and broken trees that originated within 50 ft of 


the stream; those that originated outside of the survey area were not included. Data on each 


uprooted or broken tree was collected only once, the first time it was observed. Attribute data 
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included condition (live/dead), species, DBH, fall type (uprooted or broken), felling process, 


decay class, landform, fall direction, distance-to-stream, and recruitment class.  


Metrics, Hypotheses and Methods of Statistical Analysis 


The objectives for the tree fall analysis included: 1) characterizing the annual standardized rates 


for each patch type for the 2003 to 2006 period, the 2006 to 2008 period, and for the entire 2003 


to 2008 period, and 2) comparing the annual rates for the three prescription patches to the 


reference patch rates. 


 


The following metrics were used to evaluate changes in tree uprooting and stem breakage rates: 


Uprooted trees per acre per year and broken trees per acre per year. These metrics were 


calculated for each of three time periods: the first three years after harvest (2003 to 2006), years 


4-5 after harvest (2006 to 2008) and for the entire five year period (2003 to 2008). To calculate 


uprooted trees/acre/year for each period, the number of trees that were newly uprooted during the 


period in each patch was counted, divided by the patch area in acres and divided by the number 


of years between sampling events. To calculate broken trees/acre/year for each period, the 


number of trees newly broken during the period in each patch was counted, divided by the patch 


area in acres and divided by the number of years between sampling events. The combined fallen 


trees/acre/yr was calculated by adding the uprooted and broken trees/acre/year.  


Percentage of standing trees uprooted per acre per year. This metric was calculated by summing 


the uprooted trees/acre for each time period, dividing by the total standing trees/acre at the 


beginning of the sample period, and then dividing by the years in the period.  


Percentage of standing trees that were broke per acre per year. This metric was calculated by 


summing the broken trees/acre for each time period, dividing by the total standing trees/acre at 


the beginning of the sample period, and then dividing by the years in the period.  


Percentage of standing trees that fell (combined uprooted and broken) per acre per year). This 


metric was calculated by summing the uprooted and broken trees/acre/yr for each period. 


Uprooted trees/broken trees/combined fallen trees/acre/year. A two-tailed hypothesis was used 


to compare the standardized annual rates for each of the three time periods stated as: 


Ho: average standardized annual rate between sample events for a prescription patch 


type = average standardized annual rate for the reference patches. 


The distribution of tree fall rates was heavily weighted toward rates at or near zero, with an 


extended right tail to the distribution. Examination confirmed that these data should not be 


considered normally distributed so the non-parametric, two-sample MW test was used to test for 


differences between the reference patches and patches receiving one of the prescription 


treatments. The level of significance was 0.10.  


Percent uprooted trees/broken trees/combined fallen trees per year. A two-tailed hypothesis was 


stated as: 


Ho: average standardized annual rate between sample events for the prescription 


patches = average standardized annual rate for the reference patches. 


These metrics were calculated as proportional decreases, so they are bounded by 0 and 1. 


Examination confirmed these data should not be considered normally distributed. Therefore, the 


MW test was used to test for differences between the reference patches and patches receiving 


one of the prescriptions. The level of significance was 0.10. 
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Results 


Overview of Patterns in Tree Fall 


Tree fall includes both live and dead trees that were uprooted or broken, unlike tree mortality 


metrics which includes only previously live trees. Nonetheless, uprooting and stem breakage 


rates followed a similar pattern to tree mortality rates. Table 18 shows mean tree fall rates in 


trees/acre/yr and percent of standing trees/yr for uprooted trees, broken stems and the combined 


total. Figure 5 shows the distribution of values for combined tree fall by patch type. During the 


first three years after harvest (2003-2006), the mean rate for uprooted and broken trees in the 50-


ft buffer patches were over 8 times (uprooted) and 5 times (broken) the reference patch rate in 


trees/acre/yr and 12 times (uprooted) and 8 times (broken) the reference patch rate as a 


percentage of standing trees that fell per year. The rate of uprooting in trees/acre/yr was about 


double the rate of stem breakage for all patch types. During years 4-5 after harvest (2006-2008), 


the rate of both uprooted and broken trees increased in the reference patches on both a 


trees/acre/yr and percent of standing trees basis. Uprooted trees decreased in the 50-ft buffer 


patches during this period but broken trees increased, so the combined total was similar both 


periods. During years 4-5 the rate of tree uprooting/acre/yr in the reference patches was about 


double the rate of stem breakage, however the rate of stem breakage increased and was nearly 


equal to the rate of tree uprooting for the 50-ft buffer, PIP buffer and clear-cut patch types.  


 


Over the entire 5 year period, the rates for both uprooted and broken trees in the 50-ft buffers 


was about double the rate for the reference patches in trees/acre/yr and triple for percent of 


standing trees/yr. Uprooted and broken trees/acre/yr was much lower in the clear-cut patches 


than in the reference patches because the density of live trees available as potential mortality was 


low in the clear-cut patches but the contrast was not so great on a percentage basis. 


 


Table 18. Tree uprooting and stem breakage by patch type for years 1-3 (2003-2008), years 4-5 


(2006-2008) and the entire first five years (2003-2008) after harvest. 


Patch 
Type 


n 


Trees/acre/yr Percent of standing/yr 


Uprooted Broken Combined Uprooted Broken Combined 


Mean SD
1
 Mean SD


1
 Mean SD


1
 Mean SD


1
 Mean SD


1
 Mean SD


1
 


2003-2006               


Reference 14 0.9 0.8 0.5 0.5 1.4 1.1 0.4 0.3 0.2 0.2 0.6 0.4 


50-ft buffer 13 7.9 9.2 2.9 2.5 10.8 11.1 4.8 6.1 1.6 1.2 6.4 6.8 


Clear-cut 8 0.03 0.08 0.1 0.2 0.2 0.2 5.6 13.6 5.9 13.5 11.4 17.0 


PIP buffer 3 20.6 19.4 9.2 5.8 29.8 25.2 8.2 6.7 4.0 1.6 12.2 8.2 


2006-2008               


Reference 13 6.1 8.2 2.7 3.7 8.8 10.5 2.7 3.4 0.9 1.1 3.6 4.0 


50-ft buffer 12 4.9 5.2 4.0 4.5 8.9 8.6 3.8 4.2 3.8 5.9 7.6 8.9 


Clear-cut 7 0.1 0.3 0.1 0.3 0.3 0.5 2.3 3.6 2.3 3.6 4.5 7.3 


PIP buffer 3 12.7 11.0 11.5 3.8 24.2 8.6 8.5 7.3 8.1 3.0 16.6 4.7 


2003-2008               


Reference 14 3.2 3.1 1.4 1.5 4.5 4.0 1.3 1.3 0.5 0.4 1.8 1.5 


50-ft buffer 13 6.3 6.7 3.2 3.1 9.4 9.3 3.7 4.0 1.8 1.6 5.5 5.3 


Clear-cut 8 0.2 0.2 0.2 0.2 0.3 0.4 3.6 7.3 3.7 7.3 7.4 8.9 


PIP buffer 3 17.4 15.4 10.1 2.0 27.6 17.4 7.0 5.5 4.9 0.6 11.9 4.8 
1 SD = standard deviation 
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Figure 5. Distributions of proportional tree fall rates by patch type for the 2003-2006 (left), 


2006-2008 (center), and entire 2003-2008 (right) time periods. 


Hypothesis Testing for Tree Fall Metrics 


This section presents results of the Mann-Whitney (MW) test conducted to determine if there 


were significant differences between the reference and 50-ft buffer or clear-cut patches for mean 


annual rates of uprooting, breakage and combined fall (uprooting and breakage) in trees/acre/yr 


and percent of standing trees/yr that fell for each post-harvest time period. Statistical tests were 


not conducted on the PIP buffers due to the small sample size, but observations are presented in a 


separate section. 


Clear-cut vs. reference comparison 


Rates of uprooted and broken trees/acre/yr for the clear-cut patches was very low for all time 


periods because few live trees remained after harvest (Table 18). Consequently, the differences 


between the clear-cut and reference rates for all three metrics (uprooted, broken and combined 


fallen trees) on a trees/acre basis were statistically significant for all time periods. In contrast, the 


percentage of the standing trees that fell was higher in the clear-cut patches in all time periods 


except for the percentage broken in 2006-2008. However, the differences between the clear-cut 


and the reference patches were not statistically significant except for the percentage of uprooted 


trees in the 2003-2006 period (P = 0.065).  


50-ft buffer vs. reference comparison 


The mean annual rate for uprooted, broken and combined fallen trees in the 50-ft buffers during 


the first three years after harvest (2003-2006) was over 8 times the reference rate as a percentage 


of standing trees and over 5 times higher in trees/acre/yr. The differences for all three categories 


of fallen trees were statistically significant (P = ≤0.001) so the null hypothesis was rejected and 


we conclude that tree fall rates were significantly higher in the 50-ft buffers during the first three 


years after harvest (Table 19).  


 


The rates of both tree uprooting and stem breakage increased in the reference patches 


during the second time period (2006-2008), however in the 50-ft buffers the rate of tree 


uprooting decreased while the rate of stem breakage increased. The only statistically 


significant difference between the 50-ft buffers and the reference patches in this period 


was the percentage of standing trees that were broken, which was higher in the 50-ft 


buffers. Over the entire five year period, the percentages of standing trees that were 


uprooted and broken (as well as the combined total) were significantly greater in the 50-
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ft buffers (Table 19). In trees/acre/yr, although the mean rate of uprooted, broken and 


combined fallen trees was greater in the 50-ft buffers, the difference was statistically 


significant only for broken trees. 


 


Table 19. 50-ft buffer versus reference comparison for uprooted, broken and combined tree fall 


rates with results of the Mann-Whitney test. 


Sample Event 
50-ft buffer 


Mean 
Reference 


Mean 
Difference  


(50-ft buffer–Reference) 
P-value of the 


MW test
a
 


Uprooted trees per acre per year 


2003-2006 7.9 0.9 7.0 0.001 


2006-2008 4.9 6.1 -1.2 0.548 


2003-2008 6.3 3.2 3.1 0.332 


Percentage of standing trees uprooted/year 


2003-2006 4.8% 0.4% 4.4% <0.001 


2006-2008 3.8% 2.7% 1.1% 0.327 


2003-2008 3.7% 1.3% 2.4% 0.043 


Broken trees per acre per year 


2003-2006 2.9 0.5 2.4 <0.001 


2006-2008 4.0 2.7 1.3 0.301 


2003-2008 3.2 1.4 1.8 0.037 


Percentage of standing trees broken/year 


2003-2006 1.6% 0.2% 1.4% <0.001 


2006-2008 3.8% 0.9% 2.9% 0.061 


2003-2008 1.8% 0.5% 1.3% 0.001 


Combined fallen (uprooted and broken) trees per acre per year 


2003-2006 10.8 1.4 9.4 <0.001 


2006-2008 8.9 8.8 0.1 0.728 


2003-2008 9.4 4.5 4.9 0.141 


Percentage of standing trees fallen (combined uprooted and broken)/year 


2003-2006 6.4% 0.6% 5.8% <0.001 


2006-2008 7.6% 3.6% 4.0% 0.186 


2003-2008 5.5% 1.8% 3.7% 0.009 


a
 Two-sided test of Ho: prescription = reference; tests significant with P ≤ 0.10 are in bold. 


PIP Buffer Observations 


The data from the three PIP buffers followed a similar pattern to the 50-ft buffers; however the 


rates in the PIP buffers were typically over double those in the 50-ft buffers (Table 18). The rate 


of tree uprooting in trees/acre/yr and as a percentage of standing trees was highest in the first 


three years following harvest, about double the rate of stem breakage. However the rate of stem 


breakage increased in years 4-5 and was similar the uprooting rate.  


Tree Fall Characteristics and Patterns 


Characteristics of fallen trees 


Uprooted trees were encountered about twice as frequently as broken trees, making up 66.5% of 


the combined fallen tree count and 65.1% of the combined fallen tree basal area (Table 20). 
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Table 20. Fallen trees by fall type (broken vs. uprooted).  


 
Uprooted 


trees 
Broken 
trees 


Combined 
fallen 


Percent 
Uprooted 


Percent 
Broken 


Tree count 758 381 1139 66.5% 33.5% 


Basal area 753.3 404.6 1157.9 65.1% 34.9% 


Mean DBH 11.74 11.79    


 


Several other studies observed a higher proportion of uprooting (around 80%) in second-growth 


forests in western Washington (Grizzel and Wolff, 1998; Roberts et al., 2007) and British 


Columbia (Scott and Mitchell, 2005), while stem breakage appears to be more common in the 


mature and old-growth forests in SE Alaska (Nowacki and Kramer, 1998).  


 


Table 21 shows the proportion of fallen trees by fall type (uprooted vs. broken) and tree type 


(conifer vs. broad-leaf). Conifers made up the majority of the combined fallen tree count (86.4%) 


and basal area (90.6%), while the broad-leaf proportion was 13.6% and 9.4%, respectively. The 


proportions were similar for uprooted and broken trees, although broad-leafs made up a slightly 


higher proportion of the broken trees (16.7%) than of the uprooted trees (12.0%). The proportion 


of uprooted vs. broken trees was higher for conifers (67.8%) compared to broad-leafs (58.8%), 


indicating that broad-leafs may be somewhat more susceptible to stem breakage than conifers. 


 


Table 21. Proportion of fallen trees by fall type (uprooted vs. broken) and tree type (conifer vs. 


broad-leaf).  


Tree type 


Tree Count Basal Area 


conifer 
broad-


leaf 
% 


conifer 
% broad-


leaf 
conifer 


broad-
leaf 


% 
conifer 


% broad-
leaf 


Uprooted trees 662 90 88.0% 12.0% 688.2 62.7 91.7% 8.3% 


Broken trees 314 63 83.3% 16.7% 357.9 45.8 88.7% 11.3% 


Combined fallen 976 153 86.4% 13.6% 1046.1 108.5 90.6% 9.4% 


Percent uprooted 67.8% 58.8%   65.8% 57.8%   


Percent broken 32.2% 41.2%   34.2% 42.2%   


 


The mean diameter of fallen conifers was greater than fallen broad-leaf trees for the uprooted, 


broken and combined fallen categories. The mean diameter of broken trees was greater than that 


of uprooted trees for both conifers and broad-leafs (Table 22). The mean diameter of standing 


trees was greater than any category of fallen trees for both conifer and broad-leafs. This is 


consistent with the finding that trees with higher height: diameter ratios (smaller DBH) are more 


vulnerable to wind-throw (Scott and Mitchell, 2005). 


 


Table 22. Mean DBH of fallen trees by fall type and tree type.  


Tree type Conifer Broad-leaf 


Uprooted trees 11.97 10.30 


Broken trees 12.12 10.48 


Combined fallen 12.02 10.37 


Standing tree 12.78 10.53 
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Percentage of initially standing conifers that fell was nearly twice the percentage of broad-leaf 


trees that fell for the combined fallen trees and uprooted trees (Table 23), but the difference was 


not as great for broken trees. The percentage of standing conifers that were uprooted (12.0%) 


was about twice the percentage that were broken (5.7%), while the percentage of standing broad-


leafs that were uprooted was only about 1.5 times the percentage that were broken.  


 


Table 23. Percent of standing tree count that fell by fall type and tree type (conifer vs. broadleaf). 


Tree type Uprooted Broken Combined fallen 


Conifer 12.0% 5.7% 17.7% 


Broad-leaf 5.6% 3.9% 9.5% 


 


The percentage of standing trees that fell during the first five years after harvest is shown in 


Table 24 for major species. Pacific silver fir, western hemlock and western red cedar had the 


highest percentage of standing trees that fell (combined uprooted and broken trees), ranging from 


18 to 28%. Red alder and Douglas-fir had intermediate fall rates of around 10%. Black 


cottonwood, big-leaf maple and Sitka spruce had the lowest rates (less than 6%). The pattern of 


higher tree fall rates for western hemlock and Pacific silver fir relative to red alder and Douglas-


fir has been well documented (Rot, 1993; Grizzel and Wolff, 1998; Liquori, 2006; Roberts et al. 


2007), but the fall rate of western red cedar varied (Rot 1993; Liquori, 2006). Pacific silver fir 


had highest proportion of uprooted to broken trees (88.2%), and the proportion of uprooted trees 


ranged between 50% and 70% for all the remaining species with one exception. For big-leaf 


maples, stem breakage was much more frequent than uprooting and only 28.6% of the combined 


fallen trees were uprooted. 


 


Table 24. Tree fall for the first five years as a percentage of standing trees for major species. 


Species 
Combined 


fallen 
Uprooted Broken 


Percent 
uprooted 


Pacific silver fir 28.1% 24.8% 3.3% 88.2% 


Western hemlock 22.6% 15.2% 7.4% 67.3% 


Western red cedar 18.0% 12.4% 5.6% 68.8% 


Red alder 10.6% 6.2% 4.4% 58.6% 


Douglas-fir 10.4% 6.7% 3.6% 64.9% 


Black cottonwood 5.9% 2.9% 2.9% 50.0% 


Big-leaf maple 3.2% 0.9% 2.3% 28.6% 


Sitka spruce 1.9% 1.2% 0.6% 66.7% 


 


Wind was the dominant tree fall process, accounting for nearly 75% of combined fallen trees 


(Table 25). Another 11% of fallen trees were knocked down when other trees fell against them, 


often due to wind. Bank erosion accounted for only 1.8% of fallen trees. The tree fall process 


could not be determined about 10% of the time. The mean DBH of trees fallen by wind was 


larger than the mean DBH of trees fallen by most other processes, so wind accounted for about 


88% of tree fall in basal area/acre. The percentage of the trees felled by wind that were uprooted 


(68.8%) was about twice the percentage that was broken (31.2%).   


 


The pattern of tree fall dominated by wind-throw is consistent with other studies in the coastal 


areas of the Pacific Northwest (Nowaski and Kramer, 1998; Grizzel and Wolff, 1998; May and 
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Gresswell, 2003). Tree fall rates due to bank erosion are lower adjacent to small streams than 


large streams, because small streams typically have less stream power and lateral movement than 


larger streams (Jackson et al., 2001; May and Gresswell, 2003). May and Gresswell (2003) 


documented that mass wasting can be an important mechanism of tree fall, however it occurs 


sporadically in time and space and we did not observe tree fall due to mass wasting in this study. 


 


Table 25. Combined tree fall rates by processes causing tree fall.  


Process 
Percent of total 


fallen count 
Percent of total 
fallen basal area 


Mean DBH 
(inches) 


Wind 74.8% 88.2% 12.8 


Knocked down 11.2% 5.5% 8.4 


Bank erosion 1.8% 0.5% 6.9 


Rot 1.1% 0.4% 7.4 


Other 0.5% 0.7% 13.5 


Unknown 10.6% 6.28% 9.1 


 


Wind was the dominant tree fall process for all patch types, followed by trees knocked down by 


other fallen trees. These two processes accounted for all tree fall in the clear-cut patches, 96.5% 


in the PIP buffers, 87.2% in the 50-ft buffers and 80.1% in the reference patches (Table 26). 


 


Table 26. Percentage of tree fall by fall process and patch-type in the first 5 years.  


Process Reference 50-ft buffer Clear-cut PIP buffer 


Wind 71.5% 74.4% 66.7% 88.7% 


Knocked down 8.6% 12.8% 33.3% 7.8% 


Erosion 4.6% 0.5% - - 


Rot 2.4% 0.5% - - 


Other 0.5% 0.6% - 0.9% 


Unknown 12.4% 11.3% - 2.6% 


 


Table 27 shows the percentage of the fallen trees (all sites combined) that fell in each of eight 


equal sectors based on the cardinal and ordinal compass directions. There was a tendency toward 


a northerly direction of tree fall. Over 64% of the trees fell in half the area consisting of the W, 


NW, N and NE sectors, and over 36.4% of the trees fell into two sectors (N and NW).  


 


Table 27. Percentage of fallen trees by direction of fall. 


Fall Direction 
Sector 


Percentage of 
fallen trees 


E 8.9% 


SE 8.5% 


S 9.0% 


SW 8.8% 


W 14.0% 


NW 17.9% 


N 18.5% 


NE 14.4% 
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The pattern of tree fall predominately to the north has been documented by several other studies 


in western Washington (Rot, 1993; Mobbs and Jones, 1995; Grizzel and Wolff, 1998; Liquori, 


2006), western Oregon (Andrus and Froehlich, 1986) and western British Columbia (Scott and 


Mitchell, 2005). This appears to be due to the prevailing winds from the south associated with 


the large cyclonic low-pressure winter storm systems that typically generate high winds in the 


coastal area of the Pacific Northwest. However tree fall occurred in all eight sectors, indicating 


that other factors also influence tree fall direction.  


 


Fallen trees were grouped in three fall direction categories relative to the orientation of the 


stream. When the direction of tree fall (either upstream or downstream) was within 30 degrees of 


parallel to the channel, the fall direction was classified as “parallel”. Trees that fell at an angle 


outside of the parallel zone were classified as “towards the channel” if they fell in the direction 


of the channel stream, or as “away from the channel” if they fell away from the stream. Each 


category encompassed a total of 120 degrees. Nearly half of combined fallen trees were 


classified as falling towards the channel (Table 28). This appears to indicate a tendency for trees 


to fall in a downhill direction towards the channel. About a quarter of the trees fell “away from 


the channel”, similar to the proportion of trees falling parallel to the channel. The results were 


similar for both the uprooted and broken tree categories. This pattern of a greater tendency for 


trees to fall towards the channel was observed by Sobota and Gregory (2003) and Liquori (2006), 


who observed that the tendency of riparian trees to fall towards the channel increased with 


proximity to the channel.  


Table 28. Percentage of fallen trees by fall direction relative to the stream channel.  


Fall Direction 
Category 


Combined Fallen Tree 
Count 


Uprooted Broken 


Towards channel 48.9% 49.7% 47.2% 


Away from channel 24.6% 24.7% 24.4% 


Parallel to channel 26.5% 25.6% 28.4 


 


When the rooting locations of fallen trees were sorted into categories by horizontal distance to 


the channel, differences were observed between patch types. Nearly two-thirds of the fallen trees 


in the reference patches came from within 25 feet of the channel, while one-third originated from 


between 25 and 50 feet (Table 29). For the 50-ft buffer patches, the proportion of fallen trees 


originating within 25 feet of the channel was similar to the proportion originating in the 25-50 


foot zone. The differences between the reference patches and the 50-ft buffers may be due to the 


fact that the 50-ft buffers have openings on the outside as well, and are more vulnerable to 


disturbance near the outer edge of the buffer. Grizzel et al. (2000), Rollerson et al. (2005) and 


Liquori (2006) found higher wind-throw rates on the outer edges of buffers; however the buffers 


in their studies were wider and likely resisted wind penetration more effectively than the 50-ft 


buffers in this study.  


 


Table 29. Percent fallen trees by distance-to-stream zone for reference and 50-ft buffer patches.  


Distance to Stream Zone Reference 50-ft buffer 


0-25 feet 63.7% 51.6% 


25-50 feet 36.3% 48.1% 


 


The proportion of broken vs. uprooted trees was higher in the 25-50 ft zone in both the reference 


and the buffer patches (Table 30).  
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Table 30. Percentage of uprooted vs. broken trees by distance-to-stream zone for the reference 


and 50-ft buffer patches. 


 Reference 50-ft buffer 


Distance to Stream Zone Uprooted Broken Uprooted Broken 


0-25 feet 72.0% 28.0% 68.1% 31.9% 


25-50 feet 64.4% 35.6% 64.5% 35.5% 


Factors affecting recruitment of fallen trees to the stream channel 


About 50% of fallen trees reached the edge of the bankfull channel (Table 31), about twice the 


percentage of fallen trees reaching the stream from the wider buffers studied by Liquori (2006), 


but similar to the proportion recorded by Andrus and Froehlich (1986) and Mobbs and Jones 


(1995). Only 7.0% of fallen trees landed so a portion intruded down into the bankfull channel, 


compared to 11.2% that landed with one end suspended over the channel and 30% that spanned 


the channel, touching both sides. This is consistent with other studies noting that 73% - 87% of 


the fallen trees that reach the channel that are suspended or bridging above the channel (Andrus 


and Froehlich, 1986; Grizzel and Wolff, 1998; Liquori, 2006).  


 


Table 31. Characteristics of fallen trees reaching the channel by recruitment class. 


Recruitment Category 
Percentage of 


fallen trees 
Mean 


DBH (in) 
Mean diameter at 


bankfull channel (in) 
Mean distance 
to stream (ft)a 


Recruited into bankfull channel 7.0% 11.8 10.0 19.1 


Spanning across channel 30.0% 12.9 10.6 20.0 


Suspended over channel 11.2% 10.2 7.5 22.5 


 


The mean percentage of fallen trees that reached the channel was similar for the reference, 50-ft 


buffer and clear-cut patches (Table 32), but in terms of trees/acre, the number reaching the 


channel was higher for the 50-ft buffers than for the reference or clear-cut patches because of the 


greater total number of fallen trees in the buffers. The percentage of fallen trees that actually 


intruded into the bankfull channel (in-channel category) was around 10% for the reference and 


50-ft buffer patches and less for the clear-cut and PIP buffer patches. 


 


Table 32. Mean tree fall rates and percentages by channel location and patch type. 


Patch Type 
Total Reaching Channel In-channel Over-Channel 


Trees/acre Percent  Trees/acre Percent  Trees/acre Percent  


Reference 12.8 50.8% 1.8 9.2% 11.0 41.6% 


50-ft buffer 23.9 51.3% 3.0 11.0% 21.0 40.2% 


Clear-cut 0.8 48.7% 0.1 4.0% 0.6 44.7% 


PIP buffer 37.0 27.8% 12.1 6.6% 24.9 21.2% 


 


The percentage of fallen trees reaching the channel decreased with increasing distance from the 


bankfull channel, from 60.9% for the 0-10 ft zone to 45.0% for the 30-40 ft zone, with an abrupt 


decrease (26.9%) in the 40-50 ft zone (Table 33). The contribution of each zone to the 


cumulative total of trees reaching the stream dropped from 27.3% in the 0-10 ft zone to 7.8% in 


the 40-50 ft zone. This is consistent with studies that found the probability of a fallen tree 


recruiting to the channel decreases with increasing distance from the stream in buffers (Andrus 


and Froehlich, 1986; Liquori, 2006) and unmanaged riparian stands (May and Gresswell, 2003). 
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The mean diameter of the stem where it crossed the plane of the bankfull channel tended to 


decrease with increasing distance from the stream (Table 33).  


 


Table 33. Percentage of fallen trees reaching the channel by distance-to-stream zones. 


Distance to 
Stream Zone 


Percentage of fallen trees 
reaching the channel 


Contribution of zone to 
total trees reaching channel 


Mean diam. where stem crosses 
plane of bankfull channel (in) 


0-10 feet 60.9% 27.3% 11.7 


10-20 feet 55.1% 25.1% 8.9 


20-30 feet 48.1% 20.7% 9.6 


30-40 feet 45.0% 19.2% 9.2 


40-50 feet 26.9% 7.8% 8.0 


 


Table 34 shows differences between the 50-ft buffer and reference patches in percentage of 


fallen trees reaching the channel by distance-to-stream zone, and the contribution of each zone to 


the total fallen trees reaching the channel. For the area within 30 feet of the stream (0-10, 10-20, 


and 20-30 zones), the percentage of fallen trees reaching the channel and the contribution to the 


total trees reaching the channel is higher for the reference patches than the 50-ft buffers. In 


contrast, a higher proportion of fallen trees in the 50-ft buffers reached the channel from the area 


between 30 to 50 feet. For example, 36.4% of the fallen trees in the 40-50 foot zone of the 50-ft 


buffers reached the stream compared to 12.5% for the reference patches, and the 40-50 foot zone 


contributed 11.8% of all fallen trees reaching the stream for the 50-ft buffers, compared to only 


2.5% of the total for the reference patches. The greater proportion of recruitment coming from 


beyond 30 feet in the 50-ft buffers appears to be due to the higher overall rate of tree fall near the 


outer edge of the 50-ft buffers due to the edge effect (Error! Reference source not found.). 


This pattern has been observed in other studies (Liquori, 2006; Martin and Grotefendt, 2007). 


For example, Grizzel et al. (2000) observed that 40% of trees recruited to the channel from 


buffers less than 60 ft wide came from beyond 33 ft.  


 


Table 34. Reference versus 50-ft buffer comparison of percentage of fallen trees reaching the 


channel and contribution to total reaching the channel by 10 foot distance-to-stream zones. 


 


 


Not surprisingly, trees with a fall direction fell towards the channel comprised the majority of the 


total trees recruited in or over the stream channel (78.8%), although 17.2% of trees that recruited 


were from trees with a fall direction parallel to the channel and 4% were trees that fell away from 


the channel (Table 35). This occurred when trees that originated next to the channel fell in an 


upslope direction and then slid or rolled down the slope so the base of the tree entered the 


channel. A higher percentage of the trees that fell towards the stream reached the channel 


(77.7%), compared to trees that fell parallel to the channel (31.2%) or away from the channel 


(7.9%).  


Distance to 
Stream Zone 


Percent of fallen trees in zone 
that reached channel 


Contribution of zone to total 
trees reaching channel 


Reference 50-ft buffer Reference 50-ft buffer 


0-10 feet 67.8 % 58.6 % 30.5 % 26.9 % 


10-20 feet 64.1 % 47.1 % 33.0 % 18.7% 


20-30 feet 57.3 % 48.4 % 21.5 % 20.0 % 


30-40 feet 44.6 % 47.9 % 12.5 % 22.6 % 


40-50 feet 12.5 % 36.4 % 2.5 % 11.8 % 
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Table 35. Percentage of fallen trees reaching the bankfull channel by fall direction relative to the 


orientation of the stream.  


Fall Direction 
Category 


Contribution to total trees 
reaching channel 


Percentage of fallen trees 
that reached channel 


Towards channel 78.8 % 77.7 % 


Away from channel 4.0 % 7.9 % 


Parallel to channel 17.2 % 31.2 % 


 


Over 50% of uprooted trees reached the bankfull channel compared to only 38.3% of stems that 


broke. This is likely due to the fact that whole (uprooted) trees are longer than broken pieces, and 


are more likely to reach the channel from a greater distance (Table 36). Nearly 75% of the total 


fallen trees reaching the channel were uprooted. 


 


Table 36. Percentage of fallen trees reaching the bankfull channel by fall type.  


Fall Type Category 
Percentage of fallen trees 


reaching channel  
Contribution to total trees 


reaching channel 


Broken 38.3% 26.5% 


Uprooted 53.3% 73.5% 


 


The proportion of uprooted and broken trees that recruited into the bankfull channel was similar, 


55% vs. 45% respectively. In contrast, the proportion of uprooted trees was much higher for 


spanning or suspended categories, 81% and 64.8% respectively (Table 37).  


 


Table 37. Proportion of uprooted and broken trees recruiting to the channel by recruitment class.  


 Uprooted Broken 


Into bankfull channel 55.0% 45.0% 


Spanning across channel 81.0% 19.0% 


Suspended over channel 64.8% 35.2% 


 


The percentage of trees reaching the channel varied by fall process (Table 38). The percentage of 


trees that reached the channel when felled by erosion (75.0%) was high because they are located 


beside the channel. The percentage of fallen trees that reached the channel was lower for wind 


(49.9%), rot/decay (41.7%) and trees knocked down by other trees (36.2%). This may be 


explained by differences in the source distances for various recruitment processes. For example, 


May and Gresswell (2003) observed large differences in the source distance for trees felled by 


bank erosion (2 m) natural mortality or wind-throw (18-20 m) and mass wasting (40 m). Trees 


felled by wind made up the majority of fallen trees reaching the channel (77.3%). 


 


Table 38. Percentage of fallen trees reaching the bankfull channel by fall process. 


Process 
Percent of fallen trees 


reaching channel 
Contribution to total trees 


reaching channel 


Erosion 75.0% 2.7% 


Wind 49.9% 77.3% 


Rot/decay 41.7% 0.9% 


Knocked down 36.2% 8.4% 


Unknown/other 46.5% 10.7% 
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The percentage of fallen conifer trees that reached the channel was lower than the percentage of 


broad-leafs (Table 39). However, since conifers were much more numerous, over 88% of all 


fallen trees reaching the channel were conifers.  


 


Table 39. Percentage of fallen trees reaching the bankfull channel by tree type. 


Tree type 
Percent of fallen trees 


reaching channel  
Contribution to total trees 


reaching channel 


Broad-leaf 58.6% 11.5% 


Conifer 45.6% 88.2% 


Unknown 37.2% 0.2% 


Discussion 


Comparison of Tree Mortality and Tree Fall Rates 


Tree fall rates followed a similar pattern to tree mortality rates, although tree fall includes both 


live and dead standing trees that fall while the mortality includes only live trees that die (and do 


not necessarily fall). Error! Reference source not found. compares tree mortality and tree fall 


rates over the entire five year period by patch type. Processes such as suppression tend to kill 


trees and create standing snags, which increases the tree mortality rate but not the tree fall rate, 


while processes such as wind-throw fell both live and dead trees. Consequently, tree mortality 


was 1.5 times the tree fall rate for the reference patches where suppression mortality was more 


common, while in the 50-ft buffers and PIP buffers where wind-throw was dominant, the tree 


mortality and tree fall rates were nearly equal (Table 40).  


 


Table 40. Comparison of tree mortality and combined tree fall rates by patch type over the first 


five years after harvest (2003-2008).  


Patch Type 
Tree Mortality Rate  


(percent/yr) 
Combined Tree Fall Rate  


(percent/yr) 


Reference 2.7% 1.8% 


50-ft buffer 5.5% 5.5% 


PIP buffer 10.6% 11.9% 


 


Other studies have documented tree mortality or tree fall rates in riparian buffers in the Pacific 


Northwest (Andrus and Froehlich, 1986; Rot, 1993; Mobbs and Jones, 1995; Grizzel and Wolff, 


1998; Grizzel et al. 2000; Jackson et al., 2001; Scott and Mitchell, 2005; Liquori, 2006; Martin 


and Grotefendt, 2007). However, it was not possible to compare tree rates between studies due to 


variation in buffer widths, buffer design, buffer age, and differences in tree mortality metrics. 


LARGE WOODY DEBRIS RECRUITMENT RATES 


This analysis addresses uncertainty concerning changes in large woody debris (LWD) 


recruitment rates following timber harvest under the Type Np riparian prescriptions. The 


assumption for riparian stands managed under the Type Np prescriptions is that the overall Np 


buffer strategy will provide adequate LWD recruitment to provide channel functions (e.g. habitat 


formation and sediment/nutrient routing) within the Type Np network and will export adequate 
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amounts of LWD to fish-bearing streams to maintain habitat for harvestable fish populations. 


There is uncertainty about the amount and the characteristics of LWD that will be recruited as a 


result of different Np prescription treatments and how future LWD recruitment potential will be 


affected by changes in riparian stand conditions over time. This analysis provides information on 


the magnitude of change in LWD recruitment over the near-term (first five years after harvest) 


associated with the westside Type Np riparian prescriptions.   


Critical Questions 


1. What are large woody debris recruitment rates and processes associated with riparian stands 


following application of westside Type Np riparian prescriptions? 


2. What is the magnitude and duration of change in large woody debris recruitment rates and 


processes following application of the westside Type Np riparian prescriptions compared to 


untreated reference sites? 


Data Collection Procedures 


Data were collected on LWD pieces from trees rooted within 50 ft of the stream (horizontal 


distance) if a portion of the piece landed within or over the bankfull channel (including pieces 


suspended over the channel). To qualify for measurement a piece must be at least 4 inches in 


diameter at the largest end and at least 1 foot in length. Data attributes recorded for LWD pieces 


included species, piece type (with or without root wad), length and midpoint diameter for 


recruited portions by channel zone, and channel functions. 


Metrics, Hypotheses and Methods of Statistical Analysis 


The objectives of the LWD recruitment analyses were to: 1) characterize the annual rates for 


each patch type for the 2003-2006 period, 2006-2008 period, and for the entire 2003-2008 


period, and 2) compare these annual rates for each prescription to the reference patch rate.  


 


Two metrics were used to evaluate the rate of LWD recruitment to the stream channel.   


LWD pieces recruited per acre per year. This metric is computed by counting the new LWD 


pieces recruited between sample events for each patch, and dividing by the patch area in acres 


and by the number of years between sample events. The mean for each patch type is the average 


of the individual patch values.  


LWD volume recruited per acre per year. This metric is computed by summing the volume (in or 


over the channel) of new LWD pieces recruited between sample events for each patch, and 


dividing by the patch area in acres and by the number of years between sample events. The mean 


for each patch type is the average of the individual patch values. 


 


A two-tailed hypothesis was used to compare the standardized annual rates for each time period. 


The two-tailed hypothesis was stated as: 


Ho: average annual rate for patches from a Type Np prescription = average 


standardized annual rate for the reference patches. 


The distribution of LWD recruitment rates was weighted toward rates at or near zero and had an 


extended right tail. Examination of the data confirmed that these data should not be considered 


normally distributed. Therefore, the non-parametric, two-sample MW test was used to test for 


differences between the reference patches and the patches receiving one of the prescriptions. The 


level of significance was 0.10. 
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Results 


Overview of Patterns in Large Woody Debris Metrics 


Table 41 shows LWD recruitment rates calculated on a piece/acre and volume/acre basis for 


three time periods: years 1-3 after harvest (2003-2006), years 4-5 after harvest (2006-2008) and 


the entire first five years after harvest (2003-2008). Variability in tree fall rates for each patch 


type is shown by the box-and-whiskers plots in Figure 6 and Figure 7.  


 


Table 41. Descriptive statistics for large woody debris metrics by patch type for years 1-3 (2003-


2008), years 4-5 (2006-2008) and the entire first five years (2003-2008) after harvest. 


Patch Type n 


Mean LWD 
pieces/acre/yr 


Mean LWD 
pieces/100 ft of 


stream/yr  


Mean LWD 
volume/acre/yr 


(cu ft) 


Mean LWD 
volume/100 ft of 


stream/yr  


Mean SD
1
 Mean SD


1
 Mean SD


1
 Mean SD


1
 


2003-2006           


Reference 14 0.8 0.9 0.2 0.2 2.5 2.8 0.6 0.6 


50-ft buffer 13 6.8 7.2 1.6 1.7 36.2 52.5 8.3 12.1 


Clear-cut 8 0.1 0.1 0.02 0.03 0.3 0.8 0.1 0.2 


PIP buffer 3 13.3 11.0 3.1 2.5 105.5 128.1 24.2 29.4 


2006-2008           


Reference 13 5.5 7.0 1.3 1.6 19.8 29.8 4.5 6.8 


50-ft buffer 12 4.5 4.9 1.0 1.1 26.9 33.4 6.2 7.7 


Clear-cut 7 0.1 0.2 0.02 0.04 0.1 0.2 0.02 0.05 


PIP buffer 3 4.0 3.6 0.9 0.8 12.3 10.8 2.8 2.5 


2003-2008           


Reference 14 2.9 2.8 0.7 0.6 9.1 12.0 2.1 2.7 


50-ft buffer 13 5.5 5.3 1.3 1.2 30.0 35.2 6.9 8.1 


Clear-cut 8 0.2 0.3 0.04 0.07 0.3 0.5 0.1 0.1 


PIP buffer 3 9.6 6.0 2.2 1.4 68.2 72.6 15.7 16.7 
1 SD = standard deviation 


 


LWD recruitment was higher in the 50-ft buffers than in the reference patches during the first 


three years after harvest (2003-2008), over 8 times higher in pieces/acre/yr and over 14 times 


higher in volume/acre/yr. In years 4-5 after harvest LWD recruitment decreased in the 50-ft 


buffers and increased in the reference patches, and the number of recruited LWD pieces/acre/yr 


was greater in the reference patches, although the volume of LWD recruited was greater in the 


50-ft buffers. For the entire first 5 years after harvest, the 50-ft buffers recruited about twice 


number of LWD pieces recruited in the reference patches, and over 3 times the volume. There 


was little LWD recruitment in the clear-cut patches in the first 5 years following harvest.  
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Figure 6. Distributions for annual rates of LWD recruitment in pieces/acre by patch type, for the 


2003-2006, 2006-2008, and 2003-2008 time periods. 
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Figure 6. Distributions for annual rates of LWD recruitment in volume/acre by patch type, for 


the 2003-2006, 2006-2008, and 2003-2008 time periods. 


Hypothesis Testing for Large Woody Debris Recruitment Metrics 


This section presents results of the Mann-Whitney (MW) test conducted to determine if there 


were significant differences between the reference and 50-ft buffer or clear-cut patches in large 


woody debris recruitment rates (in pieces/acre/yr and volume/acre/yr) for each post-harvest time 


period. Statistical tests were not conducted on the PIP buffers due to the small sample size, but 


observations are presented in a separate section. 


Clear-cut vs. reference comparison 


The clear-cut patches had low rates of LWD recruitment (both by count and by volume) for all 


time periods because there were few trees available to fall and recruit LWD in the clear-cut 


patches after harvest. The mean annual LWD recruitment rate in the clear-cut patches in both 


pieces/acre/yr and volume/acre/yr was only about one-tenth of the reference rates (Table 41). 


The differences between the clear-cut and the reference rates were significant for all periods (P ≤ 


0.016) so the null hypothesis was rejected.  


50-ft buffer vs. reference comparison 


During the first three years after harvest (2003-2006), the mean annual rates for LWD 


recruitment in the 50-ft buffers were higher for both mean LWD pieces/acre/yr and LWD 


volume/acre/yr (Table 42). The differences for both metrics were statistically significant so the 


null hypothesis was rejected and we conclude that the LWD recruitment rates in the 50-ft buffers 
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were higher during the first three years after harvest. There was a seven-fold increase in the 


reference patch rates during the second time period (2006-2008) while the rates for the 50-ft 


buffers declined, and there was not a significant difference in either metric during this period. 


Over the entire five year period, the LWD recruitment rate for the 50-ft buffers was nearly twice 


the rate for the reference patches in pieces/acre/yr and over 3 times the reference rate in 


volume/acre/yr. The difference in LWD volume/acre/yr was significant (P = 0.085), while the 


difference in pieces/acre/yr was just above the threshold of significance (P = 0.105). 


Consequently, the evidence supports the conclusion that the LWD recruitment rates were higher 


in the 50-ft buffers over the entire five year period.  


 


Table 42. 50-ft buffer prescription versus reference comparison for LWD recruitment rates in 


pieces/acre/year and volume in ft
3
/acre/year with results of the Mann-Whitney test. 


Sample Event 
50-ft buffer 


Mean 
Reference 


Mean 
Difference  


(50-ft buffer–Reference) 
P-value of the 


MW test
a
 


LWD recruitment count in pieces/acre/year 


2003-2006 6.8 0.8 6.0 <0.001 


2006-2008 4.5 5.5 -1.0 0.924 


2003-2008 5.5 2.9 2.6 0.105 


LWD recruitment volume in ft
3
/acre/year 


2003-2006 36.2 2.5 33.7 0.001 


2006-2008 26.9 19.8 7.1 0.314 


2003-2008 30.0 9.1 20.9 0.085 
a
 Two-sided test of Ho: prescription = reference; tests significant with P ≤ 0.10 are in bold. 


PIP Buffer Observations 


The data from the three PIP buffers indicate that LWD recruitment followed a similar pattern to 


the 50-ft buffers, with the highest recruitment rates during the first three years after harvest 


(2003-2006), and declining rates in years 4-5 after harvest (Table 41). However, mean LWD 


recruitment rates (by piece count and volume) in the PIP buffers during the first five years after 


harvest (2003-2006) were about twice as high as in the 50-ft buffers.  


Characteristics of newly recruited large woody debris pieces  


In-channel versus over-channel recruitment 


LWD recruitment patterns in the buffers differed from the reference patches. Table 43 shows the 


in-channel, over-channel and total LWD volume/acre recruited over the first five years after 


harvest. Although the total volume of LWD reaching the channel in the 50-ft buffers was three 


times greater than the reference patches, the volume intruding into the bankfull channel was 


similar because only 2.4% of the total recruited volume for the 50-ft buffers intruded into the 


channel compared to 7.9% for the reference patches. Nearly half the recruited volume intruded 


into the channel in the PIP buffers. 
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Table 43. Comparison of in-channel versus over-channel recruited LWD volume by patch type.   


Patch type 
In-channel 


Volume/Acre (cu ft) 
Over-channel 


Volume/Acre (cu ft) 
Total LWD 


Volume/Acre (cu ft) 
Percent In-


channel Volume 


Reference 3.6 41.9 45.5 7.9% 


50-ft buffer 3.6 146.5 150.0 2.4% 


Clear-cut 0.1 1.2 340.9 10.5% 


PIP buffer 166.8 174.2  48.9% 


 


Table 44 shows the percentage of LWD pieces by location relative to the bankfull channel. The 


bankfull piece count includes pieces that intrude into the channel below the height of the 


bankfull flow. Spanning pieces cross over the channel and touch on both sides. Suspended pieces 


hang over the channel but do not touch on one side. The majority of recruited LWD pieces in 


both the 50-ft buffer and reference patches were spanning, while suspended pieces comprised 


less than 30% of the total. Only about 15% of the total LWD pieces that reached the channel 


actually intruded below the height of bankfull flow for 50-ft buffers or references patches (Table 


44). This finding is consistent with other studies that found the majority of newly recruited wood 


from buffers was spanning or suspended above the channel (Grizzel et al., 2000; Liquori, 2006).  


 


Table 44. Distribution of LWD pieces by location relative to the channel.   


Treatment 
Bankfull pieces 


count (%) 
Spanning pieces 


count (%) 
Suspended pieces 


count (%) 


Reference 14.1% 56.8% 29.1% 


50-ft buffer 16.4% 55.1% 28.5% 


Clear-cut 42.9% 42.9% 14.3% 


PIP buffer 32.5% 42.5% 25.0% 


Functions provided by newly recruited large woody debris 


Few newly recruited LWD pieces provided in-channel functions because most did not intrude 


into the bankfull channel. Only 8% of all pieces provided sediment storage, 4% contributed to 


debris jam formation, 3% to step formation and 3% to pool formation (Figure 8).  
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Figure 8. Percentage of recruited LWD pieces performing channel functions.  
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The mean volume of wood recruited (combined in- and over-channel) per LWD piece is shown 


in Table 45. On average, the mean recruited volume/piece for the 50-ft buffers and PIP buffers 


was larger than those for the reference and clear-cut patches.  


 


Table 45. Mean recruited volume (cu ft) per LWD piece by patch type. 


Prescription type Mean Piece Volume (cu ft) 


Reference 3.0 


50-ft buffer 5.3 


PIP buffer 7.0 


Clear-cut 2.1 


 


Figure 9 shows the relative proportion of LWD pieces that are conifer versus broad-leaf. Most 


riparian stands were dominated by conifers, and over 80% of the LWD piece count and volume 


came from conifers.  
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Figure 9. Percentages of conifer and broad-leaf LWD pieces recruited.  


Discussion 


Effect of the Prescriptions on LWD Recruitment Rates 


The differences in LWD recruitment rates between patch types followed a similar pattern to the 


differences in tree mortality and tree fall rates. There was a strong correlation (R
2 


= 0.885) 


between the tree fall in trees/acre/yr and LWD volume/acre/yr at the patch-scale (Figure 10). 


During the first three years after harvest, the mean LWD recruitment rates for the 50-ft buffers 


were higher than the reference rates, corresponding with the higher tree fall rates in the 50-ft 


buffers. LWD recruitment rates in the PIP buffers were higher than for the 50-ft buffers. Little 


LWD recruitment occurred in the clear-cut patches, where tree fall was minimal. The increase in 


LWD recruitment rates in the reference patches during years 4-5 after harvest correspond with 


the increase in tree fall rates in the reference patches due to the high magnitude wind-storms 


during the second time period. 
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Figure 10. LWD recruitment volume/acre/yr (ft
3
) vs. fallen trees/acre/yr.  


Implications for the FFR LWD Recruitment Functional Objective 


Schedule L-1 of the Forests and Fish Report has a functional objective for LWD/Organic Inputs 


to: “develop riparian conditions that provide complex habitats for recruiting large woody debris 


and litter”, however there are currently no relevant performance targets in Schedule L-1 for Type 


Np streams. The following section discusses potential implications of differences in LWD 


recruitment rates and patterns on the functional objective for LWD recruitment.  


 


The frequency distribution of patches by their cumulative LWD recruitment volume over the five 


year post-harvest period (Figure 11) follows a similar pattern to the frequency distribution for 


tree mortality (Figure 4). Reference patch volumes ranged from 2 - 181 ft
3
/acre, and most were 


less than 100 ft
3
/acre. The distribution of values for the 50-ft buffers is more variable than the 


reference patch distribution, ranging from 2 - 554 ft
3
/acre. Although the majority of 50-ft buffer 


values were less than 100 ft
3
/acre (similar to the reference patches), 20% had values greater than 


300 ft
3
/acre, well beyond the upper limits of the reference patch range. The distribution for the 


three PIP buffers shifts further to the right, and the highest value (747.5 ft
3
/acre) is well beyond 


the range of the other patch types. Half of the clear-cut patches had no LWD recruitment in the 


first five years after harvest, and the remainder had low values, however wood input during the 


timber harvest operation was not documented. 


 


The differences in tree fall and LWD recruitment rates are indicative of different wood input 


regimes. For the reference patches and most 50-ft buffers, LWD input into and over the channel 


was moderate and most trees remain standing five years after harvest, so there are many standing 


trees available to sustain LWD recruitment over time. A sub-set of the 50-ft and PIP buffers 


received a large pulse of wood input during the first few years following harvest due to high tree 


mortality and tree fall rates. However these LWD recruitment rates are unsustainable due to 


depletion of standing trees. Consequently, tree fall and LWD recruitment rates in buffers with 


high mortality should decline over the next few decades until regeneration and tree growth 


provide replacement trees, resulting in a discontinuous, cyclic LWD input pattern over time. 


LWD input in the clear-cut patches is intermittent and episodic. Wood input in the clear-cut 
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patches during timber harvest was not quantified, however a large amount of broken pieces and 


tree tops were observed in the channel immediately after harvest, which is consistent with other 


studies that documented large inputs of debris and slash following clear-cut harvest on Type Np 


streams in western Washington (Jackson et al., 2001; Maxa, 2009). Since few trees are left 


standing in the clear-cut patches, the input of logging debris will be followed by a period with 


little wood recruitment while the stand re-grows.  
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Figure 11. Cumulative LWD recruitment volume (ft


3
/acre) five years after harvest by patch type.  


 


The implications of these differences in LWD recruitment depend on the characteristics of the 


stream channel, because the functions of woody debris (and the amount and size of wood 


necessary to perform various functions) varies depending on factors such as channel width, 


gradient, stream power and morphology (Montgomery and Buffington, 1997; Gomi, 2001; 


Hassan et al., 2005). Smaller diameter wood that enters the stream as slash from clear-cut harvest 


and recruitment from young second-growth stands can persist and provide cover and functions 


such as sediment storage in narrow, low-gradient streams that are not vulnerable to debris flows 


(Gomi et al., 2001; Jackson et al., 2001; Maxa, 2009). However in larger streams with greater 


transport capacity and in steep channels prone to mass wasting and debris flow transport 


processes, small diameter wood is less stable than larger pieces. In these streams, large stable 


wood pieces increased roughness and create steps that dissipate energy, playing an important role 


in the accumulation and storage of sediment by forming stable sediment retention structures such 


as steps and jams that can are periodically evacuated during extreme events (O’Connor and Harr, 


1994; Grizzel and Wolff, 1998; Gomi, 2001; May and Gresswell, 2003; Hassan et al., 2005). In 


headwater channels vulnerable to debris flow processes, large wood functions to reduce the 


velocity and run-out distance of debris flows (Lancaster et al., 2003). The trees remaining in the 


buffers will continue to grow over time, providing the opportunity to recruit large diameter wood 


in the future. In the clear-cut reaches, the window of opportunity for recruiting large diameter 


wood from the new stand is limited by the 40-60 year harvest cycle (Bisson et al., 1987; Andrus 


et al., 1988, McHenry et al, 1998; Beechie et al., 2000; Meleason et al., 2003). Mass wasting 
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buffers are required along streams adjacent to unstable landforms, providing an additional source 


of wood recruitment to mass wasting prone headwater streams. 


 


The majority of the wood recruited to the channel came from conifer trees because most of the 


stands were dominated by conifers. Conifer wood is typically more resistant to decay, breakage 


and degradation than broadleaf wood and persists longer in the channel (Andrus et al., 1988; 


Hyatt and Naiman, 2001). The functions potentially provided by LWD depend on its position 


relative to the channel. Pieces that intrude below the height of the bankfull flow (in-channel 


pieces) interact with flowing water during high discharge events and can store sediment; scour 


pools; form debris jams, channel steps or side channels; increase channel roughness and energy 


dissipation; and form habitat by sorting substrate, creating low velocity areas and providing in-


channel cover (Jackson et al., 2001; May and Gresswell, 2003; Reeves et al., 2003). Most newly 


recruited wood was suspended over the channel, so the initial pulse of wood recruited from 


buffers will not result in a large increase in sediment storage, pool or step formation. Although 


spanning or suspended pieces do not initially perform in-channel functions, they provide shade 


and cover and often enter the stream channel over time as they settle, break apart or decay 


(Grizzel and Wolff, 1998, Bahuguna et al., 2010). Consequently, spanning and suspended pieces 


act as a reserve for future LWD input that will tend to moderate the intermittent pattern of tree 


fall in the buffers. Over a longer timeframe, LWD that accumulates in steep portions of the 


headwater stream network that are subject to debris flows can be transported downstream and 


contribute wood to fish-bearing streams lower in the drainage network (Gomi et al., 2001; May 


and Gresswell, 2003; Reeves et al., 2003).  


CHANNEL DEBRIS  
Type Np channels contain debris of various sizes that originates from sources including trees that 


fall into the channel, branch fall from adjacent standing trees, and debris from timber harvest. 


This section addresses uncertainty concerning the magnitude and duration of change in channel 


debris loading when the westside Type Np riparian prescriptions are applied.  


Critical Questions 


1. What amount of channel woody debris occurs in stream channels following application of the 


westside Type Np riparian prescriptions? 


2. What is the magnitude and duration of change in channel debris following application of the 


westside Type Np riparian prescriptions compared to untreated reference sites? 


Data Collection Procedures 


Channel debris data were collected in 2006 (three years after harvest) and 2008 (five years after 


harvest). Data were collected along transects across the bankfull channel at 50-foot intervals 


along the stream. Percent total debris cover was visually estimated as a percentage of the 


bankfull channel surface area covered by woody debris looking down from above at an area 


extending two feet above and below each transect. Percent suspended debris cover is a subset of 


total debris cover that includes only the portions of woody debris suspended above the bankfull 


channel. If the channel is visible, the percentage of bankfull channel cross-sectional area 


obstructed by debris is visually estimated along the transect at each station. The in-channel 


functions provided by channel debris at each station were recorded.  
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Metrics, Hypotheses and Methods of Statistical Analysis 


The objectives of the channel debris analyses were to: 1) characterize the channel debris 


conditions for each patch type at each sample event, 2) characterize the change in conditions for 


each patch type between sample events, and 3) compare channel debris conditions, and changes 


in conditions, for the westside Type Np prescriptions to the reference conditions. 


 


Three metrics were used to evaluate debris loading and channel obstruction by debris. The mean 


value for each of these metrics was calculated for each individual patch using the data from the 


stations in the patch. The individual patch means were averaged to calculate the patch type mean. 


Percent total woody debris cover (plan view). The mean percentage of the bankfull channel 


surface area obscured by woody debris; including debris above and within the bank full channel. 


Percent suspended woody debris cover (plan view). The mean percentage of the bankfull channel 


surface area obscured by woody debris located entirely above the bankfull channel.  


Percent channel cross-section filled with woody debris. The mean percentage of bankfull 


channel cross-sectional area obstructed by woody debris. 


 


A one-tailed hypothesis test was used to compare percent total woody debris cover and percent 


suspended debris cover for the prescription patches to the reference patches, stated as: 


Ho: average condition for patches for a prescription ≤ average condition for the 


reference patches. 


A two-tailed hypothesis was used to compare percentage of channel cross-section filled with 


debris. The two-tailed hypothesis was stated as: 


Ho: average conditions for patches from a prescription = average conditions for the 


reference patches. 


As percentages, these metrics are bounded by 0.0 (or 0%) and 1.0 (or 100%). Examination of the 


data confirmed that these data should not be considered normally distributed. Therefore, the 


Mann-Whitney test was used to test for differences between the reference patches and the 


patches receiving one of the prescriptions. The level of significance was 0.10. 


Results 


Overview of Patterns in Channel Debris Metrics 


Data on channel cover and obstruction by woody debris are shown in Table 46 for the 2006 and 


2008 sample events. The first two columns show descriptive statistics for percent total woody 


debris cover (the percentage of the bankfull channel surface area obscured by woody debris of all 


sizes when viewed from above) for each sample event. The next two columns show percent 


suspended woody debris cover (a subset of the total consisting of debris suspended above the 


height of the bankfull channel). The last two columns show the percentage of the bankfull 


channel cross-section obstructed by woody debris, an indicator of flow obstruction by woody 


debris. Figure 12 shows the distribution of percent total woody debris cover by patch type.  
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Table 46. Descriptive statistics for channel debris metrics by patch type three years (2006) and 


five years (2008) after harvest. 


Patch Type n 


Total woody debris 
cover 


Suspended woody 
debris cover 


Channel cross-section 
obstructed by debris 


Mean SD
1
 Mean SD


1
 Mean SD


1
 


2006         


Reference 13 27.8 % 15.0 10.4 % 7.3 18.3 % 11.4 


50-ft buffer 12 24.7 % 13.6 11.1 % 6.6 12.8 % 10.5 


Clear-cut 7 64.8 % 18.5 37.9 % 12.8 30.8 % 16.5 


PIP buffer 3 25.3 % 17.0 20.7 % 17.0 12.8 % 19.3 


2008        


Reference 14 28.0 % 14.6 13.8 % 10.6 19.3 % 11.7 


50-ft buffer 13 23.2 % 17.1 16.0 % 14.6 11.1 % 9.6 


Clear-cut 8 50.7 % 22.9 38.8 % 25.4 26.9 % 19.1 


PIP buffer 3 42.5 % 10.9 40.8 % 12.8 7.5 % 6.6 
1 SD = standard deviation 


The percentages of total and suspended woody debris cover were similar for the 50-ft buffer and 


reference patches in year 3 (2006) and year 5 (2008) after harvest. Total and suspended debris 


cover in the clear-cut patches was over twice as high as in the 50-ft buffer and reference patches 


three years after harvest. Total woody debris cover decreased by 15% between 2006 and 2008 in 


the clear-cut patches, but there was little change in suspended woody debris cover and both 


metrics were nearly twice the means for the reference and 50-ft buffer patches.  
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Figure 12. Distributions of patch means for percent total woody debris cover by patch type, three 


years after harvest (2006) and five years after harvest (2008).   


 


Mean percent total woody debris cover was highest in the clear-cut patches, which averaged 65% 


three years after harvest (2006) and decreased to around 50% after five years (2008), about two 


times the reference patch means. The clear-cut patch values were highly variable in 2008 as the 


spread between high and low values increased (Figure 12). The percentage of channel cross-


section obstructed by debris in the clear-cut channels was higher than in the reference and 50-ft 


buffer patches, and there was little change between 2006 and 2008.  
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Hypothesis Testing for Channel Debris Metrics 


This section presents results of the Mann-Whitney (MW) test conducted to determine if there 


were significant differences between the reference and 50-ft buffer or clear-cut patches in the 


channel debris metrics at two post-harvest sample events. A second test was conducted to 


determine if the magnitude of change in values between sample events for each prescription were 


significantly different from the change observed in the reference patches. Statistical tests were 


not conducted on the PIP buffers due to the small sample size, but observations are presented in a 


separate section. 


Clear-cut versus reference comparison 


Percent total woody debris cover. Mean percent total woody debris cover for the clear-cut 


patches was 37.0% higher than the reference mean in 2006, and decreased in 2008 but was still 


22.7% higher than the reference mean (Table 47). The differences were statistically significant 


for both sample events, so the null hypothesis was rejected and we concluded that total woody 


debris cover in the clear-cut patches was significantly higher. Levels in the clear-cut patches 


declined by 14.3% between 2006 and 2008. The magnitude of change (decrease) was statistically 


significant in comparison to the small amount of change in reference patches (P = 0.034).  


Percent suspended woody debris cover. Mean percent suspended woody debris cover in the 


clear-cut patches was 3.5 times the mean reference value in 2006 and 2.8 times the reference 


value in 2008 (Table 47). The differences between the clear-cut and reference values were 


statistically significant for both sample events, so the null hypothesis was rejected and we 


conclude that suspended woody debris cover in the clear-cut patches was significantly higher. 


The mean values for suspended woody debris cover in the clear-cut patches were stable between 


2006 and 2008 and the rate of change for the clear-cut patches was not significantly different 


than that of the reference patches.   


 


Table 47. Clear-cut prescription versus reference comparison for channel debris loading and 


obstruction metrics with results of the Mann-Whitney test. 


Sample Event 
Clear-cut 


Mean 
Reference 


Mean 
Difference  


(Clear-cut–Reference) 
P-value of the 


MW test
a
 


Percent total debris cover 


2006 64.8 % 27.8 % 37.0 % 0.001 


2008 50.7 % 28.0 % 22.7 % 0.012 


Percent suspended debris cover 


2006 37.9 % 10.4 % 27.5 % <0.001 


2008 38.8 % 13.8 % 25.0 % 0.008 


Percent of channel cross-section obstructed by debris 


2006 30.8 % 18.3 % 12.5 % 0.097 


2008 26.9 % 19.3 % 7.6 % 0.482 


a
 Two-sided test of Ho: prescription = reference; tests significant with P ≤ 0.10 are in bold. 


Percentage of channel cross-section obstructed by woody debris. The mean percentage of 


channel cross-section obstructed by debris in the clear-cut patches was 12.5% greater than the 


reference mean in 2006, but decreased by 2008 and was only 7.6% greater than the reference 


value (Table 47). The difference was statistically significant in 2006, so the null hypothesis was 


rejected and we concluded that channel obstruction in the clear-cut patches was higher than in 


the reference patches. By 2008 the difference was no longer significant so the null hypothesis 


could not be rejected. It appears that there was a decreasing trend in mean clear-cut values 
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between 2006 and 2008, however there was not a statistically significant difference in the mean 


change for the clear-cut and reference patches. The data likely underestimate mean channel 


obstruction in the clear-cut patches because data could not be collected at stations where the 


channel cross-section was buried under debris. Consequently, the differences between the clear-


cut and reference mean values are likely to be greater than the data indicate. 


50-ft buffer versus reference comparison 


Percent total woody debris cover. Mean percent total debris cover values were somewhat higher 


for the reference patches than the 50-ft buffers at both sampling events, but the differences were 


less than 5% and were not significant for either sample event (Table 48). Mean values for both 


the 50-ft buffer and reference patches remained relatively consistent between the 2006 and 2008 


sample events and there was not a significant difference in the rate of change.  


Percent suspended woody debris cover. Mean percent suspended debris cover was similar for the 


reference and 50-ft buffer patches for both sample events and the differences were not significant 


(Table 48). Mean values in the reference and 50-ft buffer patches increased slightly between 


2006 and 2008 but there was not a significant difference in the rate of change.  


Percentage of channel cross-section obstructed by woody debris. Mean percent of channel cross-


section obstructed by woody debris was lower in the 50-ft buffers than the reference patches in 


both 2006 and 2008. The difference increased over time and was significant for the 2008 sample 


event, so the null hypotheses was rejected and we concluded that mean channel obstruction was 


significantly lower for the 50-ft buffers in 2008 (Table 48). However, there was not a significant 


difference in the rate of change over time. 


 


Table 48. 50-ft buffer prescription versus reference comparison for channel debris loading and 


obstruction metrics with results of the Mann-Whitney test. 


Sample Event 
50-ft buffer 


Mean 
Reference 


Mean 
Difference  


(50-ft buffer–Reference) 
P-value of the 


MW test
a
 


Percent total debris cover 


2006 24.7 % 27.8 % -3.1 % 0.306 


2008 23.2 % 28.0 % -4.8 % 0.175 


Percent suspended debris cover 


2006 11.1 % 10.4 % 0.7 % 0.282 


2008 16.0 % 13.8 % 2.2 % 0.415 


Percent of channel cross-section obstructed by debris 


2006 12.8 % 18.3 % -5.5 % 0.205 


2008 11.1 % 19.3 % -8.2 % 0.094 
a
 Two-sided test of Ho: prescription = reference; tests significant with P ≤ 0.10 are in bold. 


PIP Buffer Observations 


Mean total woody debris cover for the PIP buffers was similar to the 50-ft buffers in 2006, 


however suspended woody debris cover was nearly twice as high (Table 46). Both total and 


suspended debris cover increased by around 20% between 2006 and 2008 in the PIP buffers, 


while the levels in the 50-ft buffers remained stable. Mean percent channel obstruction by woody 


debris was similar in the PIP and 50-ft buffers in 2006 and decreased in 2008 (Table 46).  
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Discussion 


Effect of Prescriptions on Channel Debris 


Our ability to interpret the channel woody debris cover and obstruction data is limited by the 


absence of pre-treatment data and the fact that our first data point occurred three years after 


harvest. We did not observe evidence of noticeable input of logging debris slash in either the 50-


ft buffers or the PIP buffers. This is consistent with Jackson et al. (2001), who observed that 


riparian buffer trees act as “fences” that prevent logging debris from the adjacent, upslope clear-


cut areas from reaching the stream. Most changes in channel debris for the reference, 50-ft buffer 


and PIP buffer patches were due to wind-throw in the years following harvest. Total and 


suspended cover appeared to increase in the PIP buffers between the 2006 and 2008 sample 


events, apparently due to debris input as a result of accelerated tree fall in the PIP buffers.  


 


The clear-cut treatment appeared to have the greatest effect on channel debris loading due to the 


input of logging debris including tree tops, branches and broken pieces of boles. Mean levels for 


all three channel debris metrics in the clear-cut patches were significantly higher than the 


reference patch means in 2006, and the differences for the two woody debris cover metrics were 


significant in 2008, indicating that the effect persisted through the first five years after harvest, 


although there was evidence of a decreasing trend in the clear-cut patches over time. Greater 


channel obstruction in the clear-cut patches relative to the other patch types appears to be due to 


the smaller size of cut tops and branches which allows them to settle down into the channel, 


while fallen trees tend to be suspended over the channel. Jackson et al. (2001) documented 


extensive burial of headwater stream channels with clear-cut timber harvest to the edge of the 


channel. They observed that debris depth and the percentage of channel covered decreased 


substantially two years after harvest, so it seems likely that debris coverage would have been 


greater in the clear-cut patches immediately after harvest than indicated by the data collected at 


our first sample event three years after harvest.  


Implications of the Riparian Prescriptions on Channel Wood Debris  


The frequency distributions for total woody debris cover by patch type are shown in Figure 13. 


Three years after harvest (left panel), most 50-ft buffer and reference patches had less than 40% 


total woody debris cover, while most clear-cut patches had over 60%. The distribution for the 


clear-cut patches shifted in 2008 (right panel), indicating that channel debris was decreasing in 


the clear-cut patches.  


 


Channel debris from logging slash has been documented to have a number of channel effects, 


including accumulation and retention of fine sediment (Jackson et al., 2001; Maxa, 2009), with 


the proportion of fine sediment particles increasing as channel slope decreased (Maxa, 2009). 


Stream channels in the clear-cut patches are most likely to be affected, since it appears that the 


buffer prescriptions were largely effective in preventing initial input of slash during harvest. 


High tree fall rates elevated total suspended debris cover in some patches, but since much of the 


debris from fallen trees is suspended over the channel, it does not tend to obstruct the channel as 


readily as debris from timber harvest. 
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Figure 13. Frequency distribution for percent total woody debris cover by patch type, three years 


after harvest (left) and five years after harvest (right).  


STREAM SHADE INDICATORS 
This analysis addresses uncertainty about the amount of shade provided to stream channels 


following application of the westside Type Np riparian prescriptions, and how shade is affected 


by factors such as tree mortality following harvest. This analysis utilizes two indicators to 


evaluate different types of cover that potentially provide shade and thermal buffering of the 


stream channel. Shade from overhead cover documents obstruction of the view-to-sky by trees, 


shrubs and topography as viewed through a densiometer held at waist height in the stream 


channel. Shade from live understory plant cover documents the bankfull channel surface area 


obscured by live plants below the view of the densiometer. 


Critical Questions 


1. How much shade to the stream channel is provided by riparian stands following application 


of the westside Type Np riparian prescriptions? 


2. What is the magnitude and duration of change in shade following application of the westside 


Type Np riparian prescriptions compared to untreated reference sites?   


Data Collection Procedures 


Shade indicator data were collected during the summer and early fall at three intervals, one year 


after harvest (2004), three years after harvest (2006) and five years after harvest (2008). 


Measurements were taken at a series of stations systematically located along the channel from a 


random starting point. The same measurement stations were used in subsequent years. We 


attempted to obtain 10 measurements per patch; however the number of stations varied due to 


patch length and accessibility. Because of the small size of the PIP buffer, stations were located 


at 50 ft intervals with a random starting point which resulted in 3 measurements per PIP buffer.  


 


Shade from overhead cover was assessed by measuring percent canopy closure with a 


densiometer held at waist height (3.5 ft) using methods described in Pleus and Schuett-Hames 


(1998). Four measurements are taken from the center of the bankfull channel at each station, one 


each facing upstream, towards the left bank, downstream and towards the right bank. Although 


this measurement is commonly referred to as “canopy closure”, it measures obstruction of the 







Shade 


Final Report    53 


view to the sky from any cover object above the height of the instrument, including trees, high 


shrubs and fallen trees. At each station, the factor providing the majority of cover was indicated.  


 


Shade from understory plant cover immediately above the channel is not documented by 


densiometer readings. To document this component of cover, a visual estimate was made of the 


percentage of the bankfull channel surface area obscured from view by low growing plants in a 


section of the bankfull channel extending two feet upstream and downstream of each sampling 


station.  


Metrics, Hypotheses and Methods of Statistical Analysis 


The objectives of the shade analyses were to: 1) characterize stream shading for each patch type 


at each sample event, 2) characterize the change in stream shading between sample events, and 


3) compare the Type Np prescriptions to the reference patches.  


 


Two metrics are used to evaluate changes in shade conditions: 


Percent overhead cover. Percent overhead cover viewed from the stream was calculated for each 


measuring station by averaging the four readings (upstream, downstream, left bank, right bank) 


and multiplying by 1.04 (Pleus and Schuett-Hames, 1998). The mean percent overhead cover for 


each patch is the average of the values for all stations within each patch. The mean for each 


patch type was calculated by averaging the mean patch values for each sample event.  


Percent of channel obscured by live understory plant cover. The mean percent live understory 


plant cover for each patch is the average of the values for all stations within the patch. The mean 


for each patch type was calculated by averaging the mean patch values for each sample event. 


 


A one-tailed hypothesis test was used to compare mean shade in the Type Np prescription 


patches to the reference patches because we were interested in determining if shade conditions 


decreased for the prescription patches in comparison to the reference patches. The one-tailed null 


hypothesis was stated as: 


Ho: average condition for patches for a Type Np prescription ≥ average condition for 


the reference patches. 


A two-tailed hypothesis was used to compare changes in conditions between sample events. The 


two-tailed hypothesis was stated as: 


Ho: average change in conditions between sample events for patches from a Type Np 


prescription = average change in conditions for the reference patches. 


As proportions, these metrics are bounded by 0.0 and 1.0 (100 %). Examination confirmed that 


these data should not be considered normally distributed. Therefore, the MW test was used to 


test for differences between the reference patches and patches receiving one of the prescriptions. 


The level of significance was 0.10. 


Results 


Overview of Patterns in Stream Shade Indicators 


Table 49 shows shade indicator data (percent overhead cover and percent live understory plant 


cover) by patch type at year (2004), three years (2006) and five years (2008) after harvest.  
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Table 49. Descriptive statistics for stream shade metrics by patch type; one year (2004), three 


years (2006) and five years (2008) after harvest. 


Patch Type n 


Overhead Cover  
(viewed from stream) 


Percentage of Channel Obscured 
by Understory Plant Cover 


Mean SD
1
 Mean SD


1
 


2004      


Reference 14 89.3 % 4.4 % 14.3 % 8.3 % 


50-ft buffer 13 75.9 % 15.7 % 28.9 % 16.8 % 


Clear-cut 8 12.0 % 12.7 % 17.8 % 13.1 % 


PIP buffer 3 54.9 % 21.2 % 37.3 % 26.4 % 


2006       


Reference 13 93.3 % 4.9 % 13.3 % 4.7 % 


50-ft buffer 12 80.8 % 19.9 % 31.3 % 20.2 % 


Clear-cut 7 14.0 % 14.4 % 38.7 % 31.1 % 


PIP buffer 3 65.0 % 13.2 % 29.4 % 14.6 % 


2008       


Reference 14 90.2 % 4.6 % 16.0 % 16.8 % 


50-ft buffer 13 80.6 % 15.7 % 34.7 % 21.0 % 


Clear-cut 8 36.5 % 27.6 % 41.2 % 24.4 % 


PIP buffer 3 61.7 % 21.4 % 47.4 % 38.1 % 
1 SD = standard deviation 


Mean overhead cover was highest in the reference patches, lower in the 50-ft buffers and lowest 


in the clear-cut patches during the first five years after harvest (Table 49). Mean overhead cover 


remained stable over time in the reference and 50-ft buffers. The reference mean exceeded 89% 


at every sample event, and the 50-ft buffer mean ranged from 75.9-80.8%, about 10-13% lower 


than the reference patch mean. Overhead cover in the clear-cut patches was much lower than in 


the reference or 50-ft buffer patches, but increased from 12% to 37% during the first five years 


after harvest. There was less variability in the reference patches than the 50-ft buffers. Variability 


increased over time in the clear-cut patches (Figure 14) as values increased over time. 
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Figure 14. Distribution of mean overhead cover values by patch type by sample event. 


 


In the first year after harvest, the mean percentage of channel obscured by live understory plant 


cover was lowest in the reference patches (14.3%), higher in the clear-cut patches (17.8%) and 


twice as high in the 50-ft buffers (28.9%); over twice the reference patch mean (Table 49). Live 


understory plant cover remained relatively consistent in the 50-ft buffer and reference patches 
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over the five year period. The greatest change in live understory plant cover occurred in the 


clear-cut patches, which started with a mean of 17.8% at year one, increased to 38.7% at year 


three and to 41.2% at year five. Variability was lowest in the reference patches, and variability 


appeared to increase over time in all patch types (Figure 15). 
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Figure 15. Distributions for percent of channel obscured by live understory plant cover by patch 


type, at one year (left), three years (middle) and five years (right) following timber harvest. 


Hypothesis Testing for Stream Shade Indicators 


This section presents results of the Mann-Whitney (MW) test conducted to determine if there 


were significant differences between the reference and 50-ft buffer or clear-cut patches in the 


stream shade indicators at three post-harvest sample events. A second test was conducted to 


determine if the magnitude of change in values between sample events for each patch type were 


significantly different from the change observed in the reference patches. Statistical tests were 


not conducted on the PIP buffers due to the small sample size, but observations are presented in a 


separate section. 


Clear-cut vs. Reference Comparison 


The clear-cut patches had the lowest mean overhead cover. The mean value for the clear-cut 


patches was 12.1% in 2004, 77% below the reference patch value. The clear-cut patch mean 


increased to 36.5% by 2008 and was 54% lower than the reference patch mean in 2008 (Table 


50). The differences were significant for all sample events so the null hypothesis was rejected 


and we concluded that overhead cover was lower in the clear-cut patches. The difference in 


magnitude of change between 2004 and 2008 for the reference and clear-cut patches was 


statistically significant (P = 0.006) so we conclude there was a greater increase in mean percent 


overhead cover for the clear-cut patches.  


 


The mean percentage of channel surface area obscured by live understory plant cover was similar 


for the clear-cut and reference patches in 2004. The clear-cut mean was 25% greater in 2006 and 


2008 and the differences were significant (Table 50), so we rejected the null hypothesis and 


concluded that understory plant cover was greater in the clear-cut patches for the 2006 and 2008 


sample events. The difference in the magnitude of change between 2004 and 2008 for the clear-


cut and reference patches was statistically significant (P = 0.002) so we reject the null hypothesis 


and conclude there was a greater rate of change (increase) in mean percent of channel obscured 


by live understory plant cover in the clear-cut patches over the five year post-harvest period. 
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Table 50. Reference versus clear-cut comparison of shade indicator metrics by sample event with 


results of the Mann-Whitney test. 


Sample Event 
Clear-cut 


Mean 
Reference 


Mean 
Difference  


(Clear-cut–Reference) 
P-value of the 


MW test
a 


Percent overhead cover (viewed from stream) 


2004 12.0 % 89.3 % -77.3 % <0.001 


2006 14.0 % 93.3 % -79.3 % <0.001 


2008 36.5 % 90.2 % -53.7 % <0.001 


Percent of Channel Obscured by Live Understory Plant Cover 


2004 17.8 % 14.3 % 03.5 % 0.382 


2006 38.7 % 13.3 % 25.4 % 0.091 


2008 41.2 % 16.0 % 25.2 % 0.001 


One-sided test of Ho: prescription ≥ reference.  Tests significant with P ≤ 0.10 are in bold. 


50-ft buffer versus reference comparison 


Mean overhead cover in the 50-ft buffers ranged from 75.9% to 80.8 over time, about 10 % 


lower than for reference patches. The differences were statistically significant for all sample 


events so the null hypothesis was rejected and we concluded that mean percent overhead cover 


was lower for the 50-ft buffers (Table 51). There was little change in either the 50-ft buffer or 


reference patch means between sampling events, so the differences in the magnitude of change 


between 2004 and 2008 was not statistically significant.  


 


Table 51. Reference versus 50-ft buffer comparison for shade indicator metrics by sample event, 


with results of the Mann-Whitney test. 


Sample Event 
50-ft buffer 


Mean 
Reference 


Mean 
Difference  


(50-ft buffer–Reference) 
P-value of the MW 


test
a 


Percent Overhead Cover  


2004 75.9 % 89.3% -13.4 % 0.007 


2006 80.8 % 93.3 % -12.5 % 0.030 


2008 80.6 % 90.2 % -9.6 % 0.058 


Percent of Channel Obscured by Live Understory Plant Cover 


2004 28.9 % 14.3 % 14.6 % 0.005 


2006 31.3 % 13.3 % 18.0 % 0.001 


2008 34.7 % 16.0 % 18.7 % 0.010 


One-sided test of Ho: prescription ≥ reference.  Tests significant with P ≤ 0.10 are in bold. 


The mean percentage of channel surface area obscured by live understory plant cover remained 


relatively consistent in the 50-ft buffer and reference patches throughout the study period, and 


was about 15% higher for the 50-ft buffers throughout the entire period (Table 51). The 


differences were significant at all sample events so the null hypothesis was rejected and we 


conclude that mean percent live understory plant cover was higher for the 50-ft buffers at all 


three sampling events, however understory cover may have been lower in the 50-ft buffers prior 


to harvest because of lower tree densities. The mean values for the 50-ft buffers increased from 


28.9% to 34.7% between 2004 and 2008. The difference in the magnitude of change between 


2004 and 2008 for the 50-ft buffer and reference patches was statistically significant (P = 0.043) 


so we reject the null hypothesis and there was a greater increase in mean percent of channel 
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obscured by live understory plant cover for the 50-ft buffers over the five year post-harvest 


period.  


PIP Buffer Observations 


Mean overhead cover in the PIP buffers ranged between 55 and 65%, consistently 15-20% lower 


than the 50-ft buffers at all sample events (Table 49). Mean live understory plant cover for the 


PIP buffers was about 10% higher than the 50-ft buffers in 2004 and 2008 (Table 49), decreasing 


between 2004 and 2006, and then increased in 2008. High tree fall rates and associated 


disturbance appear to contribute to the variability and lack of a clear trend.  


Trends in Shade Metrics Over Time 


Figure 16 shows the distribution for mean percent overhead cover by patch type for the 2004 


(left) and 2008 (right) sample events. All reference patches had over 75% overhead cover 


throughout the period. There was a slight shift to the right in the distributions for the 50-ft 


buffers as overhead cover increased over time at some patches. The clear-cut patches had the 


greatest increase over time. Only one clear-cut patch had over 25% overhead cover the first year 


after harvest, however by year five after harvest, 5 of 8 patches exceeded 25%.   
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Figure 16. Frequency distribution of percent overhead cover values by patch type, one and five 


years after harvest.  


 


Figure 17 shows the frequency distribution for mean percent of channel obscured by live 


understory plant cover for the 2004 (left panel) and 2008 (right panel) sample events. There was 


a shift in the distributions to the right over time for the reference, clear-cut and 50-ft buffer 


patches as live understory cover increased at some patches.  
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Figure 17. Distribution of mean percent live understory plant cover by patch type, for 2004 (left) 


and 2008 (right) sample events.   


Characteristics of shade and factors affecting shade conditions  


Sources of overhead cover 


The relative importance of overhead cover from live trees, fallen trees, and shrubs varied by 


patch type and over time. Tree fall appears to be changing the sources of overhead cover in the 


reference, 50-ft buffer and PIP buffer patches. Live trees were the dominant source of overhead 


cover for the reference patches and the 50-ft buffers 1 year after harvest, but the percentage of 


stations where trees dominated declined over time, while shade from shrubs and fallen trees 


increased (Figure 18). Trees were the dominant source of overhead cover at all PIP buffer 


stations in year one, but by year five fallen trees were dominant at 44% of the PIP buffer stations. 


In the clear-cut patches, there was a decrease in the percentage of stations with no cover over 


time (from 28% to 10%) and an increase in the percentage of stations dominated by tall shrubs 


(from 16-51%) due to vigorous shrub growth in the clear-cut reaches following timber harvest. 


 


0%


20%


40%


60%


80%


100%


Reference 50 ft buffer PIP buffer Clearcut


P
e


rc
e


n
ta


g
e


 o
f 


s
ta


ti
o


n
s


Dominant shade-forming factor


Dominant Sources of Overhead Shade 
1 Year After Harvest


Tree Shrub Fallen Trees Debris Other None


0%


20%


40%


60%


80%


100%


Reference 50 ft buffer PIP buffer Clearcut


P
e
rc


e
n


ta
g


e
 o


f 
s


ta
ti


o
n
s


Dominant shade-forming factor


Dominant  Sources of Overhead Shade 
5 Years After Harvest


Tree Shrub Fallen Trees Debris Other None


 
Figure 18. Dominant shade forming factors for individual patches by patch type, one year and 


five years after harvest. 


Discussion 


Comparison with the reference patches indicates a reduction in overhead cover associated with 


all three prescriptions during the first five years after harvest. Mean overhead cover was lowest 


in the clear-cut patches one year after harvest, but increased from 12% in year one to 37% year 
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five after harvest due to rapid growth of shrubs and saplings. Mean overhead cover levels 


increased slightly in the 50-ft buffer patches between years one and five after harvest, despite 


post- harvest tree mortality that reduced stand density of some 50-ft buffer patches. In the 50-ft 


buffer patches where wind-throw occurred, there was an increase in the number of stations where 


shrubs and fallen trees provided the dominant source of overhead cover.   


 


Since live trees were the dominant source of overhead cover at the majority of measurement 


stations, it is not surprising there is a relationship between canopy closure and riparian stand 


conditions. Linear regression analysis with mean patch values for percent canopy  closure as the 


dependent variable showed positive relationships with live standing trees/acre (R
2
 = 0.573) and 


live conifer trees/acre (R
2
 = 0.486). The fact that these relationships were not stronger supports 


the conclusion that percent canopy closure is influenced by other factors such as tall shrubs and 


fallen trees.  


 


Live understory plant cover was lowest for the reference patches at all sample events and higher 


(and more variable) for the 50-ft buffers and PIP buffers. Understory plant cover in the clear-cut 


patches was about 17% the first year after harvest, but doubled by 2006 and increased again in 


2008. Linear regression analysis indicated a weak negative relationship between the mean 


percentage of live understory plant cover (dependent variable) and riparian stand condition 


metrics such as live standing trees/acre (R
2
 = 0.260) or live conifer trees/acre (R


2
 = 0.240). There 


was no evidence of a relationship (R
2
 = 0.044) between percent understory plant cover 


(dependent variable) and percent canopy closure (independent variable), suggesting that 


understory plant cover responds to other factors in addition to overhead shade.  


Combined overhead cover, understory plant cover and woody debris cover 


Small streams are shaded by overhead tree and tall shrub canopy, low-growing understory plant 


cover and woody debris, so it is important to consider all sources in evaluating shade response to 


the westside Type Np prescriptions. Table 52 gives an indication of the relative importance of 


different cover types by patch type five years after harvest. Note that overhead cover is the 


percentage of the view to the sky that is obscured, while live understory plant cover and total 


woody debris cover are visual estimates of the percentage of the bankfull channel obscured when 


viewed from above, so the percentages are not directly comparable or additive. 


 


Table 52. Comparison of channel shading from overhead cover, live understory plant cover and 


total woody debris cover by patch type five years after harvest.  


 Overhead cover 
Live understory 


plant cover 
Total woody 
debris cover 


Reference 90.2% 16.0% 28.0% 


50-ft buffer 80.6% 34.7% 23.2% 


Clear-cut 36.5% 41.2% 50.7% 


PIP buffer 61.7% 47.4% 42.5% 


 


The reference patches had the greatest overhead cover and the lowest live understory plant cover 


(Table 52). There was less overhead cover in the 50-ft buffers, however low-growing plant cover 


was more abundant, perhaps due to sunlight filtering in from the adjacent harvest unit or canopy 


gaps created by wind-throw (Table 52, Figure 19). Woody debris cover was similar in the 50-ft 


buffers and reference patches despite large numbers fallen trees in some 50-ft buffers. There was 


a slight increase in both overhead cover and live understory plant cover in the 50-ft buffers over 
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time. The mean percentage of overhead shade in the PIP buffers was around 60%; lower than the 


50-ft buffers. Five years after harvest low plant cover and suspended debris cover were higher in 


the PIP buffers than the 50-ft buffers (Table 52).   
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Figure 19. Comparison of mean canopy closure and mean understory plant cover for the 50-ft 


buffers versus reference patches at 1, 3 and 5 years after harvest.  


 


There was a large difference in the mean percentage of overhead shade for the clear-cut and 


reference patches one year after harvest. Although there was a 30% increase in overhead shade 


for the clear-cut patches by year 5 due to rapid shrub and sapling growth, overhead shade the 


clear-cut patches was still much lower than in the reference patches (Table 52, Figure 20). The 


mean percentage of live understory plant cover was similar to the reference patch value in year 1, 


but it increased by about 20% by year 5 and was about 20% greater that the reference point mean 


(Figure 20). Woody debris cover was also higher in the clear-cut patches due to debris input into 


the channel (Table 52). Other studies have also documented the important role of low plant cover 


(Gavelle and Link, 2007) and logging debris (Jackson et al., 2001) in providing shade in small 


headwater streams running through clear-cuts. Consequently, it appears that as overhead shade 


from live trees decreases as a result of timber harvest or tree fall, there is an increase over time in 


cover from other sources such as shrubs, low-growing plants and woody debris from fallen trees 


(buffers) or logging debris (clear-cuts), however how long such cover will persist is unknown.  
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Figure 20. Comparison of mean canopy closure and mean low plant cover for clear-cut patches 


versus reference patches at 1, 3 and 5 years after harvest. 
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Implications for the FFR Heat/Water Temperature Functional Objective 


Schedule L-1 of the Forests and Fish Report (USFWS and others, 1999) has a functional 


objective for heat/water temperature to “provide cool water by maintaining shade, groundwater 


temperature, flow and other watershed processes controlling stream temperature”. Schedule L-1 


also sets performance targets. The performance target for Type Np streams is “shade available 


within 50 feet for at least 50% of stream length”. Interpreting this performance target is 


problematic because it does not specify a particular shade level and it is not clear if it refers to 


canopy shade, or shade from all sources. It appears that the performance standard is intended to 


be applied on the scale of each Type Np sub-basin, and that the intent is to maintain existing 


shade within 50 ft of the stream for at least 50% of the stream length in each sub-basin. Since the 


rules require that at least 50% of each sub-basin is buffered, it appears that if the buffers are 


effective in maintaining existing shade levels, the performance target will be met. Consequently, 


determining whether the performance target is met appears to be a compliance issue that must be 


addressed on the scale of an entire Type Np sub-basin, which was outside the scope of this 


harvest unit-scale study.  


 


The sensitivity of headwater streams to changes in the amount of incoming solar radiation 


blocked by trees, shrubs and other cover varies depend on a suite of site-specific factors, 


including stream size (volume), channel geometry (width/depth), rate of flow, groundwater 


exchange (input or outflow), and hyporheic exchange rate (Poole and Berman, 2001; Moore et 


al, 2005). High rates of hyporheic exchange (often associated with permeable alluvial streambeds 


beds and the presence of debris jams and sediment wedges); influx of cool groundwater; rapid 


flow rates; large volumes and deep channels are factors that reduce the response of stream 


temperature to solar energy input. Conversely, factors such as low rates of hyporheic exchange 


(bedrock channels or channels with little alluvium or sediment storage), high channel 


width:depth ratios, low volume and flow rates; and loss of stream flow to groundwater increase 


sensitivity of streams to changes in solar radiation input (Adams and Sullivan, 1989; Constantz, 


1998; Johnson, 2004; Cristea and Janisch, 2007; Dent el al., 2008; Hunter and Quinn, 2009).  


 


Differences in these factors appear to explain many discrepancies in stream temperature response 


to changes in riparian vegetation (Johnson, 2004). For example, Veldhuisen and Couvelier 


(2006) identified two temperature regimes for headwater streams in the Skagit river basin, 1) 


stream reaches that maintained consistently cool temperatures due to cool water input from 


springs or groundwater, and 2) surface-flux driven reaches where water temperature responded 


to changes in surface energy inputs. Summer stream temperatures in the surface-flux reaches 


were sensitive to changes in riparian vegetation. Jackson et al. (2001) also noted a range of 


temperature responses to changes in overhead cover that were assumed to be due to differences 


in groundwater input. Consequently, we conclude that the implications of the changes in shade 


from in overhead canopy cover, understory plant cover and debris will vary depending on the 


temperature sensitivity of individual stream reaches. The small changes in shade and cover 


observed in the intact buffers are expected to have little effect on stream temperature unless 


streams are highly temperature sensitive. The larger changes in cover associated with greater 


levels of disturbance would be expected to have a greater effect on stream temperatures, except 


in streams less sensitive to solar input or if the loss of canopy shade is compensated by 


corresponding increases in shrub cover or woody debris.   
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HARVEST-RELATED SOIL DISTURBANCE 


This component addresses uncertainty concerning the effectiveness of the westside Type Np 


prescriptions in meeting performance targets for soil disturbance and stream bank integrity. The 


Type Np prescriptions restrict activities with the potential to cause soil disturbance within the 30 


foot wide equipment limitation zone (ELZ) on both sides of Type Np streams to protect stream-


banks and prevent sediment delivery to stream channels. Schedule L-1 (USFWS et al., 1999) 


establishes performance targets for the level of disturbance of stream-banks adjacent to harvest 


units and for disturbance of soil within riparian areas. This analysis will help address uncertainty 


about the effectiveness of the equipment limitation zones in preventing soil disturbance and 


sediment delivery.  


Critical Questions 


1. What levels of harvest-related soil and stream-bank disturbance are observed where the 


westside Type Np riparian prescriptions have been applied? 


2. What proportion of prescription patches achieves the FFR soil/stream-bank disturbance 


performance targets? 


Data Collection Procedures 


Data on soil disturbance associated with timber harvest activities were collected at treatment 


sites in the first year following timber harvest. A complete inventory (census) was made of 


harvest-related stream-bank erosion and soil disturbance features within 30 feet horizontal 


distance of the channel edge (the ELZ). The inventory was conducted by a two person crew, one 


person walking down the center of the ELZ on each side of the stream. Soil erosion features 


(areas of bare exposed soil) were evaluated to determine if two criteria were met: 1) surface area 


greater than 10 square feet; and 2) feature caused by harvest practices (e.g. felling, bucking, or 


yarding). If both criteria were met, the length, width and distance to stream were recorded, and 


evidence of sediment delivery to the stream was noted.  


Metrics, Hypotheses and Methods of Statistical Analysis 


The objective of this analysis was to: 1) characterize harvest-related soil disturbance for each 


patch type after timber harvest, 2) compare harvest-related soil disturbance for the three Type Np 


prescriptions, and 3) determine if soil disturbance targets were achieved.   


 


The following metrics are used to evaluate harvest-related soil disturbance:   


Number of harvest-related stream-bank disturbance features per 100 ft of stream length. This 


metric was calculated by tallying the harvest-related stream-bank disturbance features within the 


ELZ throughout the patch following harvest, dividing by the stream length of the patch, and 


multiplying by 100.  


Number of harvest-related soil disturbance features per 100 ft of stream length. This metric was 


calculated by tallying the harvest-related soil-disturbance features within the ELZ throughout the 


patch following harvest, dividing by the stream length of the patch, and multiplying by 100.  
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Number of harvest-related soil disturbance features that deliver sediment per 100 ft of stream 


length. This metric was calculated by tallying the harvest-related soil disturbance features with 


evidence of sediment deliver to the stream channel within the patch and dividing by the stream 


length of the patch times 100.  


Percentage of equipment limitation zone (ELZ) with harvest-related soil disturbance. The 


surface area of each individual harvest-related soil disturbance feature was calculated by 


multiplying the mean width by the length. Total surface area of harvest-related soil disturbance 


within the ELZ was calculated for each patch by summing the areas of the individual features. 


The percentage of ELZ with soil disturbance was calculated by dividing the total area of soil 


disturbance features by the total area of the ELZ for the patch.  


Percentage of patches exceeding the soil disturbance performance target. Patches with more 


than 10% soil disturbance in the equipment limitation zone were considered to exceed the 


performance target. The percentage of patches exceeding the performance target was calculated 


by dividing number of patches that exceed the target by the total number of patches for each 


treatment type.  


 


A two-tailed hypothesis test was used to compare the first four soil and stream-bank disturbance 


condition metrics because we were interested in determining whether there was a difference 


between the two prescriptions. The null hypothesis was stated as: 


Ho: average condition for patches for 50-ft buffer patches = average condition for the 


clear-cut patches. 


Examination of the data for the first four metrics confirmed that the data should not be 


considered normally distributed. Therefore, the non-parametric, two-sample Mann-Whitney test 


was used to test for differences among the prescriptions. The level of significance was 0.10. 


 


A two-tailed hypothesis test was used to compare the percentage of patches exceeding the soil 


disturbance performance target (more than 10% of the ELZ area disturbed by management-


related activities). The null hypothesis was stated as: 


Ho: the relative frequency of patches exceeding the performance target for the 50-ft 


buffer prescription = the relative frequency of patches exceeding the performance 


target for the clear-cut prescription. 


The data for the performance target metric was a proportion with a high frequency of zeros. 


Therefore, Fisher’s Exact test was used to compare the frequency of patches exceeding the 


performance target in the 50-ft buffer and clear-cut patches. The level of significance was 0.10. 


Results 


Overview of Patterns in Soil and Stream-bank Disturbance Metrics 


Harvest-related soil and stream-bank disturbance features within the ELZ occurred more 


frequently in the clear-cut patches than in the 50-ft buffers or PIP buffers (Table 53). The mean 


frequency of harvest-related soil disturbance features for the clear-cut patches was over 10 times 


greater than the 50-ft buffers. No harvest-related soil disturbance was observed in PIP buffers.  
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Table 53. Harvest-related soil and stream-bank disturbance metrics by patch type.  


Metrics Clear-cut 50-ft buffer PIP buffer 


Harvest-related soil disturbance features per 100 ft of 
stream length 


1.3 0.09 0 


Harvest-related soil disturbance features that deliver 
sediment per 100 ft of stream length 


0.5 0.06 0 


Mean percent of Equipment Limitation Zone with soil 
disturbance  


6.2% 0.29% 0% 


 


A similar pattern was observed for the sub-set of features that delivered sediment, where the 


frequency for the clear-cut patches was 8 times greater than for the 50-ft buffers. On average, 


soil disturbance features occupied 0.29% of the equipment limitation zone (ELZ) in the 50-ft 


buffers compared with 6.2% in the clear-cut patches. The higher mean value for the clear-cut 


patches was heavily influenced by one patch with large soil disturbance features. 


Hypothesis Testing for Soil and Stream bank Disturbance Metrics  


The differences between the mean values for clear-cut patches and the 50-ft buffers were 


significant for all four metrics (P ≤ 0.082), so we concluded there was more harvest-related soil 


disturbance following harvest in the clear-cut patches than the 50-ft buffers.  


Soil Disturbance Performance Target 


Table 54 shows the percentage of patches exceeding the soil disturbance performance target 


(over 10% of the ELZ with harvest-related soil disturbance) for each prescription type. All of the 


50-ft buffer and PIP buffer patches met the performance target. One clear-cut patch exceeded the 


target. Fisher’s Exact test comparing the percentages of 50-ft buffer and clear-cut patches 


exceeding the target was significant (P = 0.007).   


 


Table 54. Percentage of patches exceeding the soil disturbance performance target following 


harvest by prescription type. 


Prescription Sample Size Percent Exceeding Target 


50-ft buffer 13 0.0% 


Clear-cut 8 12.5% 


PIP buffer 3 0.0% 


Characteristics of Soil Disturbance Features 


Table 55 summarizes information on the frequency and size of harvest-related soil disturbance 


features. Most of the soil disturbance features observed appeared to be associated with the falling 


or yarding of individual trees However, the clear-cut patch that exceeded the soil disturbance 


performance target had an incised channel with a steep stream-adjacent slope below a landing. It 


appeared that as trees were yarded across the stream channel and upslope, the tops combed the 


hillside, removing the duff and exposing soil. The disturbance extended for 300 feet along the 


stream channel. 


 







Harvest-Related Soil Disturbance 


Final Report    65 


Table 55. Size of harvest-related soil disturbance features.  


Soil Disturbance Feature 
Number of 
features 


Surface area (ft2) 


Average Minimum Maximum 


Soil disturbances with sediment delivery 25 752 31 9060 


Soil disturbances without sediment delivery 36 65 13 214 


All soil disturbances  61 347 13 9060 


Factors affecting sediment delivery from harvest-related soil disturbance 


Factors affecting whether a soil disturbance feature associated with timber falling and yarding 


delivered sediment to the stream channel were analyzed using data collected shortly after harvest 


in 2003. Delivery of sediment to streams was best predicted by the horizontal distance between 


the soil disturbance and the stream channel (P < 0.0001). The average distance to the stream for 


soil disturbance features that delivered sediment was 1 ft (max. = 7.7), while the average distance 


for non-delivering soil disturbance features was 14 ft (min 3.3). Using distance-to-stream alone, 


96% of the observations were correctly predicted based on whether the horizontal distance to the 


stream was greater or less than 5.4 ft (Rsquare U
4
 = 0.80).  


Discussion 


Implications for the FFR Soil Disturbance Performance Target 


Soil disturbance from timber felling and yarding within the ELZ was minimal in the patches 


harvested under the 50-ft buffer and PIP buffer prescriptions. Soil disturbance was less than 10% 


of the ELZ for all buffer patches and all met the soil disturbance target. All of the 50-ft buffers 


had less than 0.1 soil disturbance feature per 100 feet of stream. This appears to be due to the 


limitation on harvest within 50 ft of the stream, since few trees felled outside the buffers fall into 


the buffers and cause disturbance in the ELZ. Soil disturbance was more frequent in the clear-cut 


patches. One patch exceeded the 10% target, and the mean rate was about 1.3 features per 100 ft 


of stream. With the exception of the one patch with extensive soil disturbance from yarding, the 


number of features that delivered sediment in the clear-cut patches was low (0.5 features/100 ft). 


 


                                                 
Rsquare U is the proportion of total uncertainty attributed to the model fit. The difference between the log-likelihood 


from the fitted model versus from horizontal lines is a test statistic to examine the hypothesis that the factor variable 


has no effect on the response. The ratio of this test statistic to the background log-likelihood is subtracted from 1 to 


calculate R
2
.
4
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SOIL DISTURBANCE ASSOCIATED WITH UPROOTED TREES 
Soil disturbance occurs when trees topple over and the roots are pulled from the ground. The 


depressions left in the ground after a tree has been uprooted by wind or other disturbances are 


referred to as root-pits. Soil disturbance from root-pits and associated mounds has the potential 


to deliver sediment to stream channels. This analysis is designed to address uncertainty 


concerning the magnitude of uprooted tree soil disturbance processes and associated sediment 


delivery in riparian buffers on westside Type Np streams relative to reference conditions.  


Critical Questions 


1. How much soil disturbance and sediment delivery are associated with uprooted trees in 


stream channels following application of the westside Type Np riparian prescriptions? 


2. What is the magnitude and duration of change in soil disturbance and sediment delivery 


associated with uprooted trees following application of the westside Type Np riparian 


prescriptions compared to untreated reference sites?   


Data Collection Procedures 


Data were collected on soil disturbance associated with each new (post-harvest) root-pit 


observed within 50 ft of the stream channel. The width of the pit (parallel to the channel) was 


measured, the horizontal distance to the stream channel recorded and evidence of sediment 


delivery to the stream channel from the disturbance feature (pit and associated mound) was 


noted.  


Metrics, Hypotheses and Methods of Statistical Analysis 


The objectives of these analyses were to: 1) characterize the annual rates of root-pit formation 


for each patch type for the 2003-2006 period, 2006-2008 period, and for the entire 2003-2008 


period, and 2) compare these annual rates for each prescription to the reference patch rate.  


 


Four metrics were used to evaluate soil disturbance associated with uprooted trees:   


Root-pits per acre. Root-pits/acre was calculated by tallying the number of root-pits in each 


patch and dividing by the patch acreage.   


Root-pits per 100 ft of stream length. Root-pits/100 ft of stream length was calculated by tallying 


the number of root-pits in each patch (both sides of the stream), dividing by the stream length, 


and multiplying by 100.  


Root-pits with sediment delivery per acre. Root-pits/acre with evidence of sediment delivery to 


the channel was calculated by tallying the number of root-pits where evidence of sediment 


delivery to the stream channel is observed in each patch and dividing by the patch acreage.   


Root-pits with sediment delivery per 100 ft of stream length. Root-pits with sediment 


delivery/100 ft of stream length were calculated by tallying the number of root-pits with 


evidence of sediment delivery in each patch (both sides of the stream), dividing by the stream 


length, and multiplying by 100.  
 


A two-tailed hypothesis was used to compare the standardized annual rates at each sample event 


(and for the entire five year period). The two-tailed hypothesis was stated as: 
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Ho: average annual rate of change between sample events for patches from a Type Np 


prescription = average annual rate of change for the reference patches. 


The distribution was typically weighted toward rates at or near zero and had an extended right 


tail to the distribution. Examination confirmed that these data should not be considered normally 


distributed. Therefore, the Mann-Whitney (MW) test was used to test for differences between the 


reference patches and patches receiving one of the Type Np prescriptions. The MW test did not 


require a data normality assumption or a transformation of the data. The level of significance was 


0.10. The PIP buffer prescription was not included in these analyses due to the small sample size.   


 


Additional analysis was done to identify and analyze factors affecting whether sediment 


originating in root pits was delivered to stream channels. Logistic regression was conducted to 


evaluate the influence of distance-to-stream, root-pit size, and slope on sediment delivery.  


Results 


Overview of Patterns of Soil Disturbance from Uprooted Trees 


Mean rates for root-pit formation (total root-pits and root-pits that deliver sediment) are shown in 


Table 56 for three time periods, the first three years after harvest (2003-2006), years 4-5 after 


harvest (2006-2008) and for the entire first five years (2003-2008). In the first three years after 


harvest, the mean annual rate of total root-pit formation (all root-pits) in the 50-ft buffers was 


over 10 times higher than the reference rate. The mean total root-pit formation rate in the clear-


cut patches was much lower than the reference rate, because there were few trees left to topple 


over. The results for the subset of root-pits that delivered sediment were similar to those for total 


root-pits. 


 


During the second time period (years 4-5 after harvest) the greatest change in the root-pit 


formation rates was a large increase in the rate for the reference patches and a decrease in rates 


for the 50-ft buffers (Table 56). The clear-cut patches continued to have the lowest rate. Over the 


entire first five years, the rate of total root-pit formation for the 50-ft buffers was nearly double 


the reference rate. The pattern was similar for root-pits with sediment delivery, however the 


difference between the reference and buffer patches was less pronounced due to the higher 


percentage of root-pits delivering sediment in the reference patches. The percentage of root-pits 


with evidence of sediment delivery was much higher in the clear-cut patches than in the 50-ft 


buffers (20.1%) and the reference (26.0%) patches.  
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Table 56. Descriptive statistics for root-pit soil disturbance metrics by patch type for years 1-3 


(2003-2008), years 4-5 (2006-2008) and the entire first five years (2003-2008) after harvest. 


Patch Type n Total root-
pits/acre/yr 


Root-pits 
w/sediment 


delivery/acre/yr 


Total root-
pits/100ft of 


stream/yr 


Root-pits 
w/sediment 


delivery/100 ft of 
stream/yr 


Percent 
root-pits 


w/sediment 
delivery 


Mean SD
1
 Mean SD


1
 Mean SD


1
 Mean SD


1
 Mean 


2003-2006            


Reference 14 0.5 0.4 0.1 0.2 0.1 0.1 0.03 0.04 24.0% 


50-ft buffer 13 5.7 6.9 0.9 1.1 1.3 1.6 0.2 0.3 19.7% 


Clear-cut 8 0.03 0.08 0.03 0.08 0.01 0.02 0.01 0.02 100.0% 


PIP buffer 3 14.5 12.6 3.2 3.6 3.3 2.9 0.7 0.8 22.2% 


2006-2008            


Reference 13 4.9 6.8 1.4 2.0 1.1 1.6 0.3 0.5 26.9% 


50-ft buffer 12 3.9 3.8 0.8 1.5 0.9 0.9 0.2 0.4 21.2% 


Clear-cut 7 0.07 0.18 0.07 0.18 0.02 0.04 0.02 0.04 100.0% 


PIP buffer 3 9.0 7.8 0.6 1.0 2.1 1.8 0.1 0.2 6.7% 


2003-2008            


Reference 14 2.4 2.6 0.6 0.8 0.5 0.6 0.1 0.2 26.0% 


50-ft buffer 13 4.6 5.1 0.8 1.1 1.1 1.2 0.2 0.3 20.1% 


Clear-cut 8 0.07 0.1 0.04 0.07 0.02 0.02 0.01 0.02 66.7% 


PIP buffer 3 12.3 10.2 2.2 2.0 2.8 2.4 0.5 0.5 17.6% 
1 SD = standard deviation 


Hypothesis Testing for Soil Disturbance Associated with Uprooted Trees 


This section presents results of the Mann-Whitney (MW) test conducted to determine if there 


were significant differences between the reference and 50-ft buffer or clear-cut patches in rates 


of soil disturbance from uprooted trees for each post-harvest time period. Statistical tests were 


not conducted on the PIP buffers due to the small sample size, but observations are presented in a 


separate section. 


Clear-cut versus reference comparison 


The rates of root-pit formation for the clear-cut patches (both total and root-pits with sediment 


delivery) were very low for all time periods because there were few trees to fall and create root-


pits in the clear-cut patches (Table 56). The differences between the clear-cut rates and the 


reference rates for total root-pits were statistically significant for all time periods (P ≤ 0.001) so 


the null hypothesis was rejected. The differences for root-pits with sediment delivery did not 


reach the threshold of significant for the 2003-2006 period (P = 0.174), but were significantly 


lower in the clear-cut patches 2006-2008 period and over the entire five years (P ≤ 0.008).  


50-ft buffer versus reference comparison 


During the first three years after harvest (2003-2006), the mean annual rates for root-pit 


formation were about 10 times higher in the 50-ft buffer patches than in the references patches 


for both total root-pits and root-pits with sediment delivery (Table 57). These differences were 
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significant so the null hypothesis was rejected and we conclude that root-pit formation rates were 


higher in the 50-ft buffers during the 2003 to 2006 period.  


 


Root-pit formation rates were higher for the reference patches than the 50-ft buffers during the 


second time period (2006-2008), due to tenfold increase in root-pit formation rates for the 


reference patches combined with a decrease in rates for the 50-ft buffers, but the differences 


were not significant. Over the entire five year period total root-pit formation in the 50-ft buffers 


was about twice the rate for the reference patches and the rates for root-pits with sediment 


delivery was 1.3 times the reference rate, however these differences were not statistically 


significant so the null hypothesis was not rejected.   


 


Table 57. 50-ft buffer prescription versus reference comparison for annual rates of root-pit 


formation by time period with results of the Mann-Whitney test. 


Sample Event 
50-ft buffer 


Mean 
Reference 


Mean 
Difference  


(50-ft buffer–Reference) 
P-value of the 


MW test
a
 


Total roots pits formed per acre per year  


2003-2006 5.7 0.5 5.2 0.002 


2006-2008 3.9 4.9 -1.0 0.781 


2003-2008 4.6 2.4 2.2 0.308 


Roots pits delivering sediment formed per acre per year  


2003-2006 0.9 0.1 0.8 0.027 


2006-2008 0.8 1.4 -0.6 0.203 


2003-2008 0.8 0.6 0.2 0.953 
a
 Two-sided test of Ho: prescription = reference; tests significant with P ≤ 0.10 are in bold. 


PIP Buffer Observations 


Root-pit formation in the PIP buffers followed a similar pattern to the 50-ft buffers, with the 


highest rates in the 2003-2006 period, and lower rates in the 2006-2008 period (Table 56). 


However, the mean rate of total root-pit formation in the PIP buffers was over twice the rate in 


the 50-ft buffers in both periods. The mean rate for root-pits with evidence of sediment delivery 


was higher in the PIP buffers in the 2003-2008 period, but dropped sharply in the 2006-2008 


period and was less than half the rate for the 50-ft buffers. Over the entire 5 year period, the 


percentage of root-pits with evidence of sediment delivery in the PIP buffers (17.6%) was similar 


to the percentage for the 50-ft buffers (19.8%).   


Factors affecting sediment delivery from root-pit soil disturbance 


Factors affecting whether sediment originating in root pits delivered to streams were analyzed 


using data from 2006 and 2008. In both years, sediment delivery to streams was best predicted 


by the distance of the root-pit from the stream (P < 0.0001). Mean horizontal distance to the 


stream for root-pits that delivered sediment was 8.2 ft compared to 28.0 ft for those that did not 


deliver (Figure 21). Root-pits that delivered to streams had larger pit widths as well, although the 


inclusion of pit width in statistical models did little to improve the predictive capability with 


respect to sediment delivery. Using horizontal distance to stream, the proportion of the total 


uncertainty that is attributed to the model fit (Rsquare U) was 0.39, and 80% of the observations 


were correctly predicted based on whether the horizontal distance to stream was greater or less 
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than 12.5 ft. The inclusion of pit width increased the model certainty (Rsquare U = 0.42) but did 


not significantly change the predictive capability of the model. Hill slope gradient was expected 


to have a significant effect on sediment delivery. That metric was only collected in 2006 and 


analysis of those data revealed no significant difference in slope gradients between those root-


pits that delivered and those that did not. This was probably due to overriding importance of 


proximity to the stream channel.  


 
Figure 21. Box and whisker plot for distance-to-stream for root-pits that delivered sediment 


(right) versus those that did not deliver sediment (left).   


Discussion 


Effect of Wind-Events and Tree Fall Rates on Root-pit Formation 


Approximately 68% of fallen trees were uprooted rather than broken along the stem, so it is not 


surprising that there is a strong correlation between tree fall rates in fallen trees/acre/yr and soil 


disturbance rates from uprooted trees in root-pits/acre/yr (R
2
 = .912). It appears likely that the 


higher root-pit soil disturbance rate observed in the 50-ft buffers relative to the reference patches 


during in the 2003-2006 period was due to higher tree fall rates resulting from wind-throw. The 


increase in tree fall rates in the reference patches during the 2006-2008 period (associated with 


the stronger wind-storms during this period) resulted in smaller differences between the 


reference and 50-ft buffer patches during that period.  


Implications of Soil Disturbance from Uprooted Trees 


Sediment delivery from soil disturbance features from uprooted trees has potential implications 


for water quality, stream channel conditions and aquatic life. Our data indicate that about 20% of 


the root-pits in the 50-ft buffers delivered sediment which was similar to the estimate of 17% by 


Grizzel and Wolff (1998), and that most sediment delivery was associated with root-pits 


immediately adjacent or in close proximity to the stream channel.  
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The mean frequency of root-pits that deliver sediment is low for the 50-ft buffers (0.2 root-


pits/100ft or stream/yr) and PIP buffers (0.5 root-pits/100ft of stream/yr). The quantity of 


sediment typically delivered to the channel from root-pits appears to be small unless the pit is 


immediately adjacent to the stream channel and is over-run or eroded during high flows. 


Consequently, it appears that sediment delivery from root-pits would be limited at most sites. 


Grizzel and Wolff (1998) concluded that sediment delivery from wind-throw was generally not a 


significant source of sediment delivery and was relatively small compared to the volume of 


sediment stored in the channel. Andrus and Froehlich (1986) concluded that in most cases 


sediment delivery from uprooted trees was small compared to overall sediment yield. However, 


highly disturbed buffers with many uprooted trees can generate significant sediment (Gomi et al., 


2005). For example, Andrus and Froehlich (1986) estimated short-term increases in sediment 


yield of 12% and 21% at two sites on small streams with large amounts of wind damage. 


Consequently, short-term increases in sediment yield may have occurred at the sub-set of 50-ft 


buffer and PIP buffer sites with high rates of tree fall and root-pit formation. How long these 


features will remain un-vegetated, and whether they will continue to provide sediment delivery 


over time is not known.  


 


Soil disturbance from uprooted trees also has implications for soil development and the 


productivity of riparian forests. Soil disturbance from uprooted trees can affect the forest floor in 


riparian areas, creating uneven, hummock pit and mound terrain that can persist for long periods 


(Schaetzl et al., 1990). Uprooting of deeply rooted trees causes churning and disturbance of soil 


deep in the ground. This disturbance may increase soil productivity by mixing organic and 


mineral horizons, breaking up impermeable soil layer, and releasing nutrients that accumulated 


in certain soil horizons (Nowacki and Kramer, 1998; Gabet et al., 2003). The average area of soil 


disturbance per root-pit was 62.6 ft
2
 so a large amount of bare soil can be created in areas where 


multiple trees are uprooted.   
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SYNTHESIS 


Summary of Prescription Effects 


There were two categories of effects from the westside Type Np riparian prescriptions on 


riparian stands and adjacent stream channels: 1) direct, immediate effects due to harvest activity, 


and 2) indirect effects that result from changes in the rates of riparian processes over time 


following timber harvest. 


Direct effects of timber harvest 


Examples of potential direct effects of timber harvest on riparian stand and stream channel 


conditions include: loss of shade to the stream due to felling of trees; input of debris (logging 


slash) to the channel from felling, limbing, bucking and yarding; and sediment input from soil 


disturbance associated with felling and yarding of trees.  


 


The greatest direct effects of timber harvest occurred in the clear-cut patches. Removal of most 


riparian trees resulted in extensive loss of overhead canopy cover. Mean canopy closure for the 


clear-cut patches one year after harvest was 12%, 77% less than the reference mean. Large 


amounts of logging slash and debris were present in the channel following harvest in the clear-


cut patches. The clear-cut patches had higher rates of soil disturbance from timber harvest than 


the buffer patches. Retention of all trees in the 50-ft buffers and PIP buffers prevented most 


direct effects from timber harvest. Little direct mortality from timber harvest was observed in 


either the 50-ft or PIP buffers. The buffers prevented harvest-related soil disturbance near the 


stream, and prevented logging debris from the adjacent harvest unit from reaching the stream 


channel. The 50-ft buffers were more effective than the PIP buffers in maintaining overhead 


shade immediately following harvest. One year after harvest, mean overhead cover for the 50-ft 


buffers was about 10% below reference levels while the PIP buffers were 35% lower. 


Changes in processes over time following timber harvest  


The indirect effects of harvest occurred over the 5 year post-harvest period as disturbance and 


recovery processes resulted in changes in riparian stands, riparian processes and adjacent stream 


channels. Disturbance processes such as wind-throw elevated tree mortality and tree fall rates in 


the buffers, reducing stand density and decreasing overhead shade. Tree fall in the buffers also 


increased rates of woody debris recruitment and soil disturbance from uprooting of trees. 


Regeneration of trees and shrubs and growth of suppressed trees increased shade, stabilized 


disturbed soil, and re-initiated riparian stand development, particularly in the clear-cut patches.   


 


Wind was the dominant disturbance process that affected riparian buffers by causing tree 


mortality and tree fall. In general, the percentage of tree fall was higher in the newly established 


buffers than the reference patches during the first three years after harvest, a period with three 


wind-storms of moderate intensity. However, as a result of high intensity wind-storms during 


years 4 and 5, tree mortality rates increased in the reference patches, demonstrating that riparian 


stands embedded in continuous forests are susceptible to wind damage during high intensity 


wind-storms. Rates for LWD recruitment to stream channels and soil disturbance from uprooted 


trees followed a similar pattern. Overhead shade also responded to tree mortality and tree fall 


rates, tending to be lower in patches with high mortality. Since few trees were left in the clear-
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cut patches following harvest, post-harvest rates of LWD recruitment and soil disturbance from 


uprooted trees were low. In the clear-cut patches, rapid growth of shrubs and saplings in the five 


years after harvest resulted in an increase in overhead and understory shading of streams. There 


was also a decrease in channel debris in the clear-cut reaches by year five after harvest.   


Summary of Implications for FFR Resource Objectives 


The Forest and Fish Report (USFWS et al., 1999) identifies overall performance goals for 


protection of aquatic resources including fish, stream associated amphibians and water quality 


with functional objectives for watershed functions and processes potentially affected by forest 


practices. The functional objectives include: 


 LWD/Organic Inputs: Develop riparian conditions that provide complex aquatic habitats by 


recruiting large woody debris and litter. 


 Heat/water temperature: Provide cool water by maintaining shade, groundwater temperature, 


flow and other watershed processes controlling stream temperature. 


 Sediment: Provide clean water and substrate and maintain channel forming processes by 


minimizing, to the maximum extent practicable, the delivery of management-induced coarse 


and fine sediment (including timing and quantity) by protecting stream bank integrity, 


providing vegetative filtering, protecting unstable slopes, and preventing the routing of 


sediment to streams. 


 


To evaluate the potential implications of the Type Np prescriptions for the FFR resource 


objectives, we identified three distinct riparian disturbance and recovery scenarios based on 


differences in direct harvest effects and subsequent disturbance following timber harvest 


(primarily tree mortality due to wind-throw). Clear-cut harvest of the riparian trees produced an 


immediate change in riparian stand and channel conditions with a pattern of disturbance and 


recovery different from that of the buffers. Although buffer mortality rates occur along a 


continuum, our sample had a somewhat bi-modal distribution. The majority (10 of 13) of the 50-


ft buffers (10 of 13) had tree mortality rates less than 33% over the five year post-harvest period. 


Mortality rates were over 50% at the remaining three 50-ft buffers (no buffers had mortality rates 


between 33% and 50%). Consequently, we grouped the 50-ft buffer patches into two categories 


(those with mortality rates less than 33% and those with rates greater than 50%) and contrast the 


resource response and implications. The implications of the three disturbance scenarios for 


riparian stand conditions and FFR functional objectives are discussed in the following sections. 


Riparian Stand Conditions 


The westside Type Np riparian prescriptions are typically applied during harvest of young (40-60 


year old) stands that have regenerated following the previous timber harvest. Clear-cut harvest of 


riparian stands is allowed on up to 50% of the stream length of each Type Np stream network, so 


the prescriptions clearly envision a variety of future riparian stand conditions on Type Np 


streams. The following sections discuss the implications of the three disturbance scenarios on 


riparian stand conditions over time.  


 


Clear-cut scenario: The portion of the stream network where the clear-cut prescription is applied 


is managed in a cycle of clear-cut harvest. Under this scenario, riparian stands and processes are 


directly affected by harvest on a 40-60 year rotation. Nearly all trees were removed when the 
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clear-cut prescription was applied at our study sites. The mean density after harvest in the clear-


cut patches was 12.5 trees/acre, and nearly 50% of the remaining trees died within the first five 


years after harvest. After harvest, the riparian area was replanted with conifers which will grow 


over time and eventually be re-harvested. 


 


Buffers with greater than 50% mortality: The mean percentage of standing trees that died in this 


group over the five year period was 68.2%, and one 50-ft buffer patch had mortality rates in 


excess of 90%. The primary mortality agent was wind-throw. The mean density of surviving live 


trees for this group was 62.8 trees/acre five years after harvest (range 8.7-134.1). Often the 


surviving trees occurred in patches interspersed among openings created by tree fall. Natural 


regeneration of conifers is likely to result in development of a patchy, multi-cohort stand with a 


younger age class of trees in disturbed patches interspersed among older surviving trees. 


However competition from shrubs and broad-leafs may limit conifer regeneration in some cases, 


resulting a shrub or broad-leaf component that increases variability of future stand conditions.   


 


Buffers with less than 33% mortality: The average percentage of standing trees that died in the 


buffers with less than 33% mortality was 15.0%, and the mean density of standing trees was 


140.0 trees/acre five years after harvest (range 58.8-247.2 trees/acre). These buffers appear likely 


to continue to progress through the stem exclusion stage as well-stocked, single-aged stands.  


Large Woody Debris/Organic Input 


The characteristics of woody debris recruited to the stream depend upon the condition of the 


adjacent riparian stand (e.g. tree density, size and species composition). The pre-harvest data 


indicate that the study sites typically had dense riparian stands dominated by conifers, providing 


a potential pool of trees for wood recruitment. The timing and amount of wood recruitment 


depends on the frequency and magnitude of various disturbance and mortality processes. The 


amount and characteristics of woody debris in the channel is a function of the current wood 


loading, and the rates of input and depletion (loss of wood due to decay, breakage and transport 


downstream) over time (Lienkaemper and Swanson, 1987, Martin and Benda, 2001). The 


following sections discuss the implications of the three disturbance scenarios on wood 


recruitment rates over time.  


 


Clear-cut scenario: The timing of wood input is intermittent and cyclic in riparian areas managed 


for clear-cut harvest. Clear-cut streams typically receive a large amount of logging debris at the 


time of harvest, minimal wood recruitment for several decades as a new stand of young trees 


becomes reestablished, followed by another pulse of wood during the next harvest cycle 


(Murphy and Koski, 1989; Beechie et al., 2000; Meleason et al., 2003). The logging debris 


entering the channel from felling, bucking, limbing and yarding during timber harvest consists of 


branches, tops and broken pieces of stems of un-merchantable trees. Although logging debris is 


typically smaller in size than wood recruited from a whole tree, Jackson et al. (2001) observed 


that it provided functions in headwater streams including increased channel obstruction and 


roughness, creation of steps and storage of sediment. However the quantity of logging debris in 


the channel is expected to decrease over time because most logging debris consists of small 


pieces that decay more rapidly than larger pieces and are transported downstream over time in 


channels with high stream power (Murphy and Koski, 1989; Gomi et al., 2001; Maxa, 2009). 


Some wood is typically recruited from young trees as the stand grows, however large diameter 
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wood does not accumulate as rapidly as it is depleted for most of the harvest rotation cycle, so a 


net loss of large diameter pieces over time is predicted to occur in clear-cut reaches (Beechie et 


al., 2000; Meleason et al., 2003).  


 


The implications of wood input patterns under the clear-cut scenario are expected to vary 


depending on the characteristics of the stream channel. In channels with low stream-power, small 


diameter debris from logging slash and young trees recruited from the replacement stand would 


be expected to provide cover, habitat formation, and sediment retention functions (Gomi et al., 


2001; Jackson et al. 2001). Channels with greater stream power require larger diameter wood to 


provide stable sediment retention structures (steps and debris jams) that persist over time so a 


reduction in large wood input can result in release of stored sediment over time (O’Connor and 


Harr, 1994; May and Gresswell, 2003).  


 


Buffers with greater than 50% mortality: Channels adjacent to these buffers received a large 


pulse of LWD input (mean of 436.8 ft
3
/acre) from fallen trees over the first five years after 


harvest; nearly 10 times the rate for the reference patches. However most of the volume 


remained suspended or spanning over the channel. Consequently, in the short term, LWD input 


in this group of buffers will provide a limited increase in sediment retention, step formation and 


pool formation functions. Suspended and spanning pieces will continue to drop into the channel 


in the future, although the timing is unknown. Accelerated rates of tree mortality and tree fall in 


the high mortality buffers has reduced the density of standing trees available to provide future 


LWD recruitment. However, the surviving trees may grow to larger size more quickly due to 


reduced competition. Over the long term, the success of natural stand regeneration processes will 


determine the availability of new trees to provide future wood recruitment.   


 


Buffers with less than 33% mortality: The LWD recruitment rate for buffers with less than 33% 


mortality was 64.0 ft
3
/acre, less than one sixth the rate for the buffers with over 50% mortality 


but about 40% higher than the reference rate for the five years after harvest, with the majority 


suspended or spanning over the channel. Since past management practices have often decreased 


LWD loading levels (Ralph et al., 1994), moderate inputs of LWD may increase LWD loading 


and functions over time. Many live standing trees remain in these buffers to provide potential 


LWD input in the future and the size of LWD recruited should increase as trees continue to grow 


over time. The rate of LWD recruitment begins to substantially exceed the rate of LWD 


depletion after a stand age of about 50 years according to model predictions (Beechie et al., 


2000), so accumulation of large diameter wood is expected to increase over time in adjacent 


streams in the absence of harvest or channel disturbance events such as debris flows.  


Shade and heat/water temperature response 


Thermal loading in headwater streams is affected by many factors including the amount of shade 


and cover available to block incoming solar radiation, the temperature of the surrounding air, the 


depth, volume and velocity of the water, the quantity and temperature of groundwater inputs, and 


cooling due to hyporheic flow (Johnson and Jones, 2000; Johnson, 2004; Gavelle and Link, 


2007). Shade can be provided by a variety of sources, including standing trees, fallen trees, 


shrubs and low-growing plants, woody debris and surrounding topography (Johnson and Jones, 


2000; Johnson, 2004; Gavelle and Link, 2007). The amount of shade provided by riparian buffer 


trees depends on the density of trees, the height of the trees and the width of the buffer (DeWalle, 







Synthesis 


Final Report    76 


2010). The following sections discuss the implications of the three disturbance scenarios on 


shade over time. 


 


Clear-cut scenario: Most overhead shade is removed as a result of tree harvest in the clear-cut 


patches. Mean overhead shade immediately after harvest in the clear-cut patches was 12%, 


compared to about 90% in the reference stands. However, input of logging debris during harvest 


created substantial channel cover, and cover from shrubs and understory vegetation increased 


rapidly in the five years after harvest in the clear-cut reaches. Overhead shade should increase as 


the adjacent stand of trees becomes established. When the tree canopy closes over the stream, 


overhead shade should be high until the next harvest cycle.  


 


A variety of responses in thermal loading have been documented in headwater streams following 


clear-cut harvest. Veldhuisen and Couvelier (2006) observed higher maximum water 


temperatures in clear-cut reaches of Type Np streams in the Skagit basin compared to forested 


reaches, and some clear-cut streams exceeded water quality standards. On the other hand, 


Jackson et al. (2001) observed little change in maximum temperatures in headwater streams in 


the Willapa Hills following clear-cut harvest, which they attributed to the extensive cover 


provided by logging slash. Johnson and Jones (2000) observed increases in maximum stream 


temperature and diurnal temperature range, and a shift in the timing of the summer maxima in a 


small western Oregon stream following clear-cut harvest. Consequently, it appears that the 


stream temperature response to clear-cut harvest is likely to vary, depending on site-specific 


factors such as debris loading, shade from shrubs and factors such as ground-water input, 


substrate, hyporheic flow, and hydrologic regime that affect temperature sensitivity (Johnson and 


Jones, 2000; Johnson, 2004; Gavelle and Link, 2007).  


 


Buffers with greater than 50% mortality: Mean overhead shade for this group of buffers five 


years after harvest was 59.3%, about 30% less than the reference patch mean. Fallen trees 


suspended above the channel were the dominant source of shade at 37.8% of the stations and 


shrubs dominated at another 20%. Increases in understory plant cover and in-channel debris 


provided additional cover to channels adjacent to these buffers, which may off-set to some extent 


the loss of shade due to decreased density of live standing trees. Loss of shade in Type Np 


buffers because of wind-throw can result in increased stream temperature in temperature 


sensitive streams. Veldhuisen and Couvelier (2006) found that Type Np streams adjacent to 


buffers with reduced shade due to wind-throw had higher maximum summer temperatures than 


intact buffers. This finding is consistent with modeling done by DeWalle (2010) which indicated 


that density of trees is an important factor (along with tree height) on the amount of shade 


provided by buffers. However, at sites where the loss of shade from live trees is off-set by a 


corresponding increased shade from shrubs and fallen trees, or where the stream is not 


temperature sensitive because of physical or hydrologic factors, little or no change in stream 


temperature may occur.  


 


Buffers with less than 33% mortality: Our data indicate that 50-ft buffers with less than 33% 


mortality provided similar overhead shade as the reference patches five years after harvest. 


(86.9%, compared to 90.2% for the reference stands). These buffers should continue to provide 


high levels of overhead shade over time, unless mortality rates increase. Veldhuisen and 


Couvelier (2006) developed a regression describing the relationship between average shade and 
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average buffer width for their sample of headwater streams in the Skagit basin that predicts that 


50 foot wide two sided buffers would provide 80% shade, similar to mean values for the 50-ft 


buffers in this study. They documented that maximum stream temperatures in the buffered sites 


were not significantly different than in the forested streams, so the buffers effectively prevented 


increases in maximum temperature although the range of daily fluctuation in temperature was 


greater in the buffered reaches. Consequently, little change in stream temperature would be 


expected in this group of buffers, except in highly sensitive stream reaches.  


Sediment Input 


Headwater streams can receive sediment input from a variety of sources including mass wasting, 


bank erosion, soil creep, forest roads, and soil disturbance from uprooted trees or timber harvest 


activity (McDonald and Ritland, 1989; Gomi et al., 2005). Some of the sediment entering the 


headwater stream network is transported downstream, while some is stored behind obstructions 


such as boulders, wood pieces and debris accumulations (O’Connor and Harr, 1994). This study 


only addresses riparian soil disturbance from uprooting of riparian trees and timber harvest 


activities. The following sections discuss the implications of the three disturbance scenarios on 


sediment input from riparian areas over time.    


 


Clear-cut scenario: We documented some sediment delivery from soil disturbance during timber 


harvest in most clear-cut patches; however the soil disturbance targets were met at all but one 


site. Since most trees were removed, there was little soil disturbance from uprooted trees in the 


clear-cut patches in the five years following harvest. Initially after harvest, an increase in fine 


sediment accumulations in association with logging debris accumulations would be expected 


based on the results of other studies (Gomi et al. 2001, Jackson et al., 2001; Maxa, 2009). 


O’Connor and Harr (1994) documented the important role of large woody debris jams in storing 


sediment in headwater channels. Their model predicts that sediment behind these obstructions 


will be released and transported downstream as the debris jams decay and fail over time in 


channel unless new wood is recruited to form replacement jams. Given the low number of 


residual trees in the clear-cut patches, it is expected that much of the sediment stored in these 


channels will be released over time.  


 


Buffers with greater than 50% mortality: These buffers had the largest amount of soil disturbance 


from uprooted trees in the first five years after harvest of the adjacent stands; 14.7 root-pits/100 


feet of stream, over five times the rate for the reference patches. However, only 2.6 root-pits/100 


feet delivered sediment. Other research indicates trees uprooted by wind-throw are usually not a 


significant source of sediment delivery to streams (Grizzel and Wolff, 1998), however a short-


term increase in sediment yield can occur when there is widespread wind-throw of buffer trees 


growing in close proximity to the channel (Andrus and Froehlich, 1986).  


 


Buffers with less than 33% mortality: These buffers had little soil disturbance during harvest, 


and minimal soil disturbance from uprooted trees in the first five years after harvest. The total 


rate of root-pit formation (2.5 root-pits/100 feet of stream) was slightly lower than the reference 


rate, and only 0.4 root-pits/100 feet of stream had evidence of sediment delivery.  
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Site and Regional Variation 


Although we observed differences between the prescription treatment groups, there was 


substantial variability among sites within the treatment groups. This variation is indicative of the 


extent to which stand conditions, and processes such as tree mortality and LWD recruitment, are 


affected by differences in climate, environmental conditions, and geomorphology and vegetation 


among sites, as well as differences in past management and disturbance history. The variability 


among sites we observed is consistent with literature indicating that both riparian stands and their 


adjacent stream channels typically exhibit extensive variability on both local (site) and regional 


scale.  


 


The characteristics of the riparian stands (age, size, density and species composition) are 


influenced by physical, climatic, environmental factors that affect stand establishment, stand 


development, and disturbance. Riparian vegetation is highly variable in space and time, often 


expressed as a mosaic of patches consisting of different plant communities (Naiman et al, 1998). 


This variability has been attributed to many factors including differences in the type and 


frequency of disturbance processes, differences in regeneration and successional processes, and 


differences in growing conditions (Gregory et al., 1991; Naiman et al., 1998; Naiman et al., 


2000). The factors that contribute to variability in riparian stand conditions operate at various 


scales, from the regional or landscape scale to the local site scale (Pabst and Spies, 1999; Sarr, 


2004).  


 


At the regional or landscape scale, differences in climate (e.g. precipitation and temperature), 


terrain and geology contribute to regional differences environmental conditions, competition and 


disturbance processes that result in differences in riparian vegetation (Sarr, 2004). Regional 


variation in growing conditions contributes to differences in the distribution of tree and shrub 


species, as well as differences in hydrology and the type and frequency of disturbance processes 


that affect riparian vegetation. At a finer scale, differences in watershed position and drainage 


area contribute to differences in geomorphology and process regimes that contribute to 


variability in riparian stands (Gregory et al., 1991, Montgomery. and Buffington, 1997; Pabst 


and Spies, 1999; Acker et al., 2003). For example, riparian stands along small, steep first-order 


headwater streams situated in narrow valleys are typically similar to adjacent upslope stands and 


the disturbance regimes are dominated by mass wasting processes such as debris flows, debris 


slides and snow avalanches and as well as fire and timber harvest. Streams further downstream 


are typically situated in wider valleys with floodplains where hydrologic disturbance processes 


such as flooding, bank erosion and channel migration result in soils and growing conditions that 


differ from the adjacent uplands (reference) resulting in development of riparian vegetation 


which differs from upland stands. In these settings, fine-scale differences in growing conditions 


and riparian vegetation occur due to differences in soils, geomorphology, and micro-climate 


associated with differences in geomorphic landforms (Rot et al., 2000). 


 


Disturbance from natural processes or human activities also contribute to variation in riparian 


stands. Riparian stands are subject to disturbance from many natural processes such as debris 


flows, avalanches, floods, channel migration, fire and wind in addition to widespread human 


disturbance from logging and other land use activities (Naiman et al., 1998). These disturbances 


trigger tree regeneration and successional processes as stands are re-established and grow over 


time. The variable nature and patchy distribution of disturbance in space and time, and 
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differences between natural and silvicultural regeneration leads to a patchwork of stands of 


different age, structure and composition on a landscape scale.  


 


The number of sites in this study is not large enough to document the full range of riparian stand 


and site conditions present on Type Np harvest units on state and private forest lands in western 


Washington. While it is likely that both regional and local differences contributed to the 


variability we observed in riparian stand conditions, mortality and tree fall rates, and riparian 


processes and functions we observed within treatment groups, the sample size is not sufficient to 


conduct a robust analysis of the influence of site conditions. Further research would be useful in 


determining how the physical or biological characteristics of Type Np sites in western 


Washington affect riparian stand composition and structure, the type and magnitude of 


disturbance processes and the sensitivity of riparian stands and functions to harvest. 


STUDY LIMITATIONS 
This study had a number of limitations related to sample size, availability of reference sites, lack 


of pre-harvest data, limited duration and site-scale scope.  


Sample size 


Sample size is an important constraint to consider in interpreting and extrapolating the results of 


the study. The sample size was limited to 14 reference patches, 13 50-ft buffers, 8 clear-cut 


patches and 3 PIP buffers. There was substantial variability among sites for many metrics and the 


limited sample may not have documented the full range of site and regional variability or 


provided a precise estimate of the distribution of values for the metrics we examined. This is 


particularly problematic for the PIP buffers because the sample was quite small (three patches) 


and the geographic distribution was limited. Consequently, the PIP buffer sample provides an 


indication of the response to the prescriptions but does not provide a robust characterization of 


response across the range of conditions across state and private forest land in western 


Washington. Consequently, the PIP buffer results should be used with caution. Although the 


sample of 50-ft buffer, clear-cut and reference patches was large enough to detect statistically 


significant differences in response for some metrics, a larger sample size would provide greater 


power to detect differences between the treatment and reference patches, reducing the likelihood 


of Type II errors and providing a more precise estimate of the distribution of conditions across 


western Washington FFR lands. A larger sample would allow a more robust analysis of the role 


of regional and site conditions on riparian stand conditions and their response to the treatments. 


Reference Conditions 


Finding suitable reference sites that were not scheduled to be harvested within the five year 


period of the study was a challenge in commercial timber land. In many cases the reference 


stands had greater density and smaller mean and quadratic mean diameters, and limited sampling 


of tree ages indicated that the reference stands were often younger. Nonetheless, we believe that 


stand conditions were similar enough to provide a reasonable basis for comparison of the 


reference and treatment sites. However, the study design did not specifically include selection of 


reference sites with perennial initiation points to provide a basis for comparison with the PIP 
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buffer patches. Consequently, direct comparison between the PIP buffer and the reference 


patches has been avoided.  


Pre-Harvest Sampling 


Because the sites for this study were selected from approved forest practices applications, there 


was no opportunity for pre-harvest sampling of conditions. Consequently, there was no pre-


harvest baseline, and results are limited to examining post-harvest changes. Lack of opportunity 


for pre-harvest sampling also made it infeasible to collect and interpret some types of data on 


aquatic resource conditions (e.g. stream temperature).  


Timeframe 


The duration of sampling was limited to the first five years following harvest. This provides 


information on the short-term response to the treatments, however many important disturbance 


and recovery processes continue over a longer timeframe (such as buffer tree mortality, tree 


regeneration, large wood recruitment, and changes in channel debris and shading). Sampling 


over a longer timeframe will be necessary to document the duration of disturbance and the 


trajectory of recovery processes. 


Spatial Scale 


The study was limited to evaluating response on a site or harvest-unit scale. Study at this scale 


provided useful insights on changes in riparian processes in the immediate vicinity of the 


treatment, but did not provide the ability to interpret effects on the scale of a Type Np basin or to 


evaluate downstream effects on the fish-bearing portion of the stream network.  


RECOMMENDATIONS FOR FUTURE RESEARCH 
This study documented the magnitude of change in riparian stand conditions and riparian 


processes, the first link in the pathway of potential resource effects. These effects were examined 


over a short-term time scale (5 years) and at a reach or harvest unit scale. The study results 


provided insights on the reach-scale response of riparian conditions and processes over a five 


year time horizon. While this study reduced scientific uncertainty about the effect of the westside 


Type N prescriptions within these constraints, additional questions outside the scope of this study 


remain to be answered, particularly related to disturbance and recovery processes in the clear-cut 


and highly disturbed buffer reaches. Disturbance under these scenarios may limit the ability of 


the prescriptions to meet the functional objectives for heat/temperature, LWD/litter fall and 


sediment on a reach-scale in some cases. These findings raise additional questions concerning: 


 the distribution of Type Np riparian stand conditions across the landscape,  


 the duration of disturbance and the timeframe for recovery in Np streams following harvest, 


particularly in clear-cut reaches and buffers with high mortality;  


 the effectiveness of PIP buffers in meeting FFR resource objectives 


 the effect of site conditions on the sensitivity of riparian stands to the Type Np prescriptions,  


particularly factors affecting the susceptibility to wind-throw, 


 the response of aquatic resources to changes in riparian stands and processes associated with 


the westside Type Np riparian prescriptions on a sub-basin scale 


 the need for performance targets for the westside Type Np riparian prescriptions 
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The following sections discuss areas of scientific uncertainty that can be addressed by additional 


research effort. Appendix C contains a detailed list of potential follow-up research questions.  


Distribution of Type Np riparian stand conditions and disturbance 


The current study provides some indication of possible regional patterns in disturbance. Research 


that provides a better understanding of riparian stand conditions and disturbance patterns over 


time across state and private forest lands in western Washington would be useful in assessing 


riparian prescription effectiveness over time, and identifying regional issues or sensitivities that 


could result in more effective management practices. This could be addressed by designing and 


implementing a riparian stand assessment component to CMER’s extensive riparian temperature 


monitoring project.  


Duration of disturbance and recovery in clear-cut and highly 
disturbed buffers 


The five year timeframe of the current sampling effort is too short to fully document the duration 


of disturbance and subsequent recovery in riparian stands and processes following application of 


the westside Type Np prescriptions. The study raises questions concerning the duration of 


disturbance following harvest and the timeframe for recovery processes. In the clear-cut reaches, 


there is uncertainty about the persistence and function of channel debris, and the role of debris, 


shrubs and trees in providing shade over time. There are also questions concerning the fate of the 


riparian buffers with high levels of wind-throw mortality, including how these stands will 


respond and develop over time, as well as the fate of fallen trees spanning or suspended over the 


channels. Extending the timeframe of the Type N BCIF study to undertake additional sampling 


of the existing study sites at 5 year intervals would provide additional information that would 


reduce these uncertainties. 


The effectiveness of PIP buffers in meeting FFR resource objectives 


The study provided an indication of high levels of tree mortality and disturbance in the PIP 


buffers. However, we are uncertain how representative this small sample is of the overall 


population of PIP buffers, and have additional questions about whether the aquatic resources that 


PIP buffers are designed to protect are adversely affected by high tree mortality and tree fall. 


These uncertainties will be addressed to some extent by additional data on PIP buffer response 


from the Type N experimental buffer study, which is currently being analyzed. If this data is not 


adequate to address this uncertainty, CMER could undertake a separate project to obtain a larger 


sample of PIP buffers and more detailed information on their effectiveness in meeting FFR 


resource objectives.  


The effect of site condition  


Because of extensive variability in site conditions in western Washington, it is important to 


understand how local site conditions affect sensitivity to the prescriptions. This and other studies 


indicate that there is substantial variation in riparian vegetation, functions and disturbance 


processes between sites (Gregory et al., 1991; Naiman et al. 1998; Sarr, 2004) but the sample 


size was not large enough for a robust evaluation of the influence of site conditions. A project to 


collect additional data at a larger number of sites would increase our understanding of how site 


conditions affect riparian stand conditions, disturbance processes and riparian functions. 
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Additional information on how site conditions affect the susceptibility of riparian stands to wind-


throw disturbance or the sensitivity of stream temperature to changes in shade would be useful 


for adaptive management and in designing more effective research and monitoring studies. 


Aquatic resource response to riparian management and disturbance 


The westside Type Np prescription package is designed to be applied on a sub-basin scale and is 


intended to protect aquatic resources in headwater streams while providing the opportunity to 


harvest some riparian trees and flexibility in the layout of harvest and yarding operations. There 


was an expectation that buffering sensitive portions of the Np network would limit the magnitude 


and extent of the harvest-related impacts to aquatic resources and allow for recovery of stream 


temperature before the water reached downstream fish-bearing stream reaches. This study 


documented reach-scale disturbances associated with the clear-cut harvest prescription and 


buffers with high tree mortality from wind-throw, however it did not address how changes in 


riparian stands and processes affected channel habitat, water quality or amphibian populations, or 


the effects on fish or water quality in downstream Type F waters. CMER has two studies that are 


evaluating the effects of Type Np riparian prescriptions on aquatic resources when the 


prescriptions are applied at the scale of a Type Np basin (the Westside Type N experimental 


treatment studies). These studies will provide a more complete assessment of the effects on water 


quality and stream associated amphibians. However the uncertainty related to downstream 


effects may require a cumulative effects study on the scale of a Type F basin.  


Performance targets for the Westside Type Np riparian prescriptions 


The current performance targets for westside Type Np streams are of limited use in evaluating 


the effectiveness of the westside Type Np prescriptions. There is currently no performance target 


for riparian stand condition on Type Np streams. The shade and litter fall performance targets are 


confusing and repeat the prescriptions, apparently based on the assumption that if the 


prescriptions are followed the functional objectives will be met. It is unclear if the LWD 


performance targets for pool frequency, in-stream LWD and residual pool depth are meant to be 


applied to Type Np streams. The performance targets would benefit from an effort to review the 


Type Np prescriptions, clarify confusing wording, and incorporate headwater stream research 


that has occurred over the past decade. 


CONCLUSIONS 
The key findings of the study area summarized below:  


 The clear-cut prescription resulted in the greatest change in riparian stand conditions and 


functions. Few trees remained after clear-cut harvest (mean density =12.5 trees/acre). LWD 


recruitment rates were low (0.1 ft
3
/100 ft/yr), but total channel debris cover was abundant 


(50.7%) due to slash input from logging. There was little overhead cover immediately after 


harvest (12%), but overhead cover and cover from understory plants and shrubs increased 


following harvest.  


 Of the treatments, the 50-ft buffer prescription resulted in the least change in riparian stands 


and functions. Over the 5 year post-harvest period, the rate of change (reduction) in stand 


density was similar in the 50-ft buffer and reference patches, although the reference patches 
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retained more trees/acre. Mean overhead shade was 10-13% lower than in the reference 


reaches over the 5 year post-harvest period. LWD recruitment was about double the reference 


rate.  


 Wind was the dominant cause of tree mortality in the 50-ft buffers. Wind was also the 


dominant mortality agent in the small sample of PIP buffers. The data suggest that the 


mortality rate for the PIP buffers was higher than for the 50-ft buffers. 


 Mortality from wind varied by harvest treatment and storm intensity. During the first three 


years after harvest there were four windstorms of moderate intensity (peak winds 40-60 mph) 


and mortality in the newly established buffers was significantly greater than in the reference 


patches. During years 4-5 there were two powerful storms (peak winds greater than 60 mph) 


and mortality in the 50-ft buffers was not significantly different from mortality in the 


reference patches.  


 There was substantial variation in tree mortality rates among the 50-ft buffer group, which 


resulted in corresponding differences in stand condition and riparian functions. Mortality 


rates had a bi-modal distribution. Ten 50-ft buffer patches had less than 33% morality over 


the 5 year post harvest period, while three patches had mortality in excess of 50%. In the 


group with higher mortality rates, stand density was greatly reduced, overhead shade 


decreased and LWD recruitment rates were higher.  


 It is uncertain how these riparian stands will respond over a longer timeframe, and whether 


the subset of 50-ft (and PIP) buffers with high mortality will meet FFR resource objectives 


for heat/water temperature and LWD recruitment.  


 The soil disturbance performance target was met at all 50-ft and PIP buffer patches, and at 


seven of eight clear-cut patches.  


 It was difficult to evaluate the effectiveness of the westside Type N streams using some 


performance targets. Some appear to re-state the prescriptions (e.g. the shade target), and it 


was unclear whether others applied to Type N streams (e.g. stand condition and LWD 


recruitment). Consequently, the study evaluated prescription effectiveness by comparing the 


treatments with unharvested reference sites of similar age.  


 Further research on wind damage in westside buffers is needed. The results indicate that 


there is variation in wind mortality, with the heaviest damage occurring in a limited number 


of sites. Additional research on regional patterns and the effect of site conditions on mortality 


rates could be useful in designing prescriptions to reduce wind mortality.  


 Long-term monitoring of tree mortality, shade levels, channel debris loading and LWD 


recruitment associated with the westside Type N prescriptions is needed. These processes 


operate over long time frames, so five years is not enough time to fully evaluate the effects of 


the prescriptions.    


 Since many of the FFR resource objectives for Type Np streams are related to protection of 


downstream resources, the results of this harvest-unit scale study do not provide a complete 


story of prescription effectiveness. Combining the results of this study with sub-basin scale 


studies that examine the effects of the prescription on aquatic organisms within Type N 


basins and exports of heat, sediment and nutrients to fish-bearing streams will provide a more 


complete assessment of prescription effectiveness.   
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APPENDIX A. MEAN TEMPERATURE AND PRECIPITATION FOR 


WESTERN WASHINGTON AS PERCENTAGE OF LONG-TERM AVERAGES 
 


Table A-1. Mean summer (June-August) temperature and precipitation as percentages of the 


long-term average (Western Regional Climate Center, 2009).  


 2003 2004 2005 2006 2007 2008 


Percentage of mean summer temperature 


Puget Lowlands 101.6% 103.1% 99.4% 100.0% 98.8% 97.1% 


Coastal Olympics 101.0% 103.2% 100.1% 99.6% 99.8% 96.3% 


Cascades-west 103.3% 102.8% 97.9% 100.8% 97.7% 97.4% 


Percentage of mean summer precipitation 


Puget Lowlands 35.5% 132.6% 110.6% 60.6% 115.7% 145.1% 


Coastal Olympics 30.3% 133.2% 93.5% 62.5% 134.3% 146.2% 


Cascades-west 25.0% 174.4% 100.3% 69.4% 85.7% 145.2% 


 


Table A-2. Mean winter (November-February) temperature and precipitation as percentages of 


the long-term average (Western Regional Climate Center, 2009).  


 2003-4 2004-5 2005-6 2006-7 2007-8 


Percentage of mean winter temperature 


Puget Lowlands 102.7% 103.0% 103.4% 100.3% 98.8% 


Coastal Olympics 101.6% 103.3% 102.1% 100.5% 97.4% 


Cascades-west 100.2% 107.5% 100.2% 99.1% 95.1% 


Percentage of mean winter precipitation 


Puget Lowlands 90.9% 73.0% 137.7% 106.5% 106.4% 


Coastal Olympics 93.4% 79.1% 136.1% 110.1% 104.5% 


Cascades-west 91.4% 66.0% 138.1% 107.0% 102.1% 
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APPENDIX B. STAND RECONSTRUCTION PROCEDURES 
Estimates of the pre-harvest and immediate post harvest stand conditions were necessary to 


determine changes in riparian stand condition following harvest and to estimate tree mortality 


rates. The study plan called for collection of riparian stand and mortality data immediately after 


the harvest in 2003 using low altitude photography. Those data were to be used to reconstruct 


pre-harvest stand conditions. The low altitude photography method was not successful and the 


limited number of ground validation plots was not adequate to reliably estimate stand conditions. 


Consequently, it was necessary to reconstruct pre-harvest and immediate post-harvest stand 


conditions from the 2006 data (most sites) or 2008 data (for 2 sites not visited in 2006 due to 


access problems). The stand reconstruction was guided by the following assumptions: 


 


Standing trees 


 Trees standing (live or dead) in 2006 were standing in the pre-harvest and immediate post-


harvest periods.  


 Standing live trees in 2006 were standing live trees in the pre-harvest and immediate post-


harvest periods. However in-growth may have occurred between 2003 and 2006 because 


trees too small to count in 2003 may have grown to threshold size (4” dbh) by 2006.  


 Standing dead trees may have been alive or dead in the pre-harvest and immediate post-


harvest time periods. 


 


Fallen trees 


 All fallen trees in 2006 were standing trees in the pre-harvest time period (we did not collect 


data on trees that we thought fell before the harvest). However some 2006 fallen trees were 


tops from standing trees that should not be counted as separate trees in the reconstruction.  


 Fallen live trees in 2006 were alive in the pre-harvest and immediate post-harvest periods. 


 Fallen dead trees in 2006 may have been alive or dead in the pre-harvest or immediate post-


harvest periods. 


 Trees that were recorded as fallen (live or dead) in 2006 may have fallen during the harvest. 


 


Stumps 


 Fresh stumps were trees cut during harvest and were standing live trees prior to harvest. 


 Older relic stumps were cut or already dead prior to harvest. 


 


Based on these assumptions, the primary questions in the stand reconstruction then were: 


1. Was a dead tree (standing or fallen in 2006) alive in the pre-harvest and immediate post-


harvest periods? 


2. Did a fallen tree fall during the harvest or after the harvest?  


3. Would a 2006 live tree have been too small to be counted as a tree in the pre-harvest or 


immediate post-harvest periods (in-growth)? 


 


Several sources of data were used to answer question 1. For sites reconstructed using 2006 data, 


the 2006 data collection protocols included assessing and recording whether a standing dead tree 


died pre-harvest or post-harvest. These data were used to determine if a 2006 standing tree was 


alive or dead in the pre-harvest time period. In addition, all fresh stumps were assumed to be 


standing live trees in the pre-harvest time period but not in the immediate post-harvest period. 
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For dead standing or fallen trees recorded for the first time in 2008. For sites reconstructed using 


2008 data, the pre-harvest condition was inferred from the decay class recorded for the tree 


(based on the assumption that a tree with few signs of decay indicated more recent mortality than 


a tree with more advanced signs of decay). Dead trees with a decay class of 1 were assumed to 


have been alive in the pre-harvest and immediate post-harvest time-periods. Dead trees with 


decay class of 3, 4 or 5 were assumed to have been dead in the pre-harvest and immediate post-


harvest time period. Trees with a decay class of 2 were given a tree condition of ‘unknown’ in 


the pre harvest and immediate post-harvest time periods because this decay class does not 


convey specific enough information on the timing of the tree’s death. 


 


To address question 2, direct observation of the tree’s condition and felling process were used to 


determine whether a tree fell during the harvest. Trees that were recorded as fresh stumps were 


assumed to have been cut down during the harvest and included in the immediate post-harvest 


stump table. Trees which had ‘yarding’ recorded as the cause of falling were assumed to have 


fallen during the harvest and included in the immediate post-harvest fallen tree table.   


 


To address question 3, we subtracted the estimated diameter growth estimated to have occurred 


since 2003 using a diameter growth rate of 0.1 inches/yr, based on values in the literature 


(McArdle et al., 1961, Wiley, 1978) and tree cores from a sample of young trees in several of our 


study sites. Any trees with diameters ≤ 4.3 inches in 2006 (or ≤4.5 inches in 2008) were assumed 


to be in-growth and were not included in the pre- or immediate-post harvest stand tables. 


Once all the pre-harvest and immediate post-harvest tree conditions had been assessed, the fallen 


trees were ‘stood’ back up to create separate pre-harvest and immediate post-harvest standing 


tree tables. These stand tables were used to calculate BAPA, TPA etc. by condition (live, dead), 


tree type (conifer vs. broadleaf), species, etc. for each of the time periods. Table B-1 lists and 


describes the codes assigned to each standing and fallen tree record when preparing the stand 


tables for the pre-harvest and immediate post-harvest reconstruction. Table B-2 describes how 


the assumptions and individual tree data were combined as criteria to create the pre-harvest, 


immediate post harvest, mortality, and fallen tree stand tables. 


Table B-1. Codes used to create pre-harvest and immediate post-harvest stand tables. 


Code Pre-harvest stand reconstruction 


SL Pre-harvest live standing tree 


SD Pre-harvest dead standing tree (snag) 


RS Pre-harvest relic stump 


SU Unknown whether tree alive or dead pre-harvest 


Z Broken fallen tree already counted in standing tree table (to prevent double counting of trees) 


Code Immediate post-harvest stand reconstruction 


SL Post-harvest live standing tree 


SD Post-harvest dead standing tree (snag) 


RS Post-harvest relic stump 


SU Unknown whether tree alive or dead immediately post-harvest 


ST Buffer tree cut down during harvest 


Y Tree knocked down during harvest 


Z Broken fallen tree already counted in standing tree table (to prevent double counting of trees) 
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Table B-2. Data used to create the pre-harvest and immediate post-harvest stand tables. 


A) Pre-harvest stand reconstruct ion 


1. Pre-harvest live standing trees 


a. Standing trees, condition = L 


b. Standing trees, condition = D, mortality timing = POST 


c. Standing trees, condition = ST 


d. Standing trees, condition = D, mortality timing = null, Decay = 1,2 (2008 trees only, site 47 & 56) 


e. Fallen trees, type = B, condition = L, no associated standing tree 


f. Fallen trees, type = B, condition = D, decay class = 1, no associated standing tree 


g. Fallen trees, type = U, condition = L 


h. Fallen trees, type = U, condition = D, decay class = 1 


2. Pre-harvest dead standing trees 


a. Standing trees, condition = D, mortality timing = PRE 


b. Standing trees, condition = D, mortality timing = null, decay class = 3, 4, 5 (2008 trees only, site 47 & 56) 


c. Fallen trees, type = U, condition = D, decay class = 3, 4, 5  


d. Fallen trees, type = B, condition = D, decay class = 3, 4, 5, no associated standing tree 


3. Pre-harvest relic stumps 


a. Standing trees, condition = RS 


4. Pre-harvest tree condition ‘unknown’ 


a. Standing trees, condition = D, mortality timing = U 


b. Fallen trees, type = U, condition = D, decay class = 2 


c. Fallen trees, type = B, condition = D, decay class = 2, no associated standing tree 


B) Immediate Post harvest stand conditions 


5. Post-harvest live standing trees 


a. Standing trees, condition = L 


b. Standing trees, condition = D, mortality timing = POST 


c. Standing trees, condition = D, mortality timing = null, decay class = 1, 2 (2008 trees only, site 47 & 56) 


d. Fallen trees, type = B, condition = L, no associated standing tree 


e. Fallen trees, type = B, condition = D, decay class = 1, no associated standing tree 


f. Fallen trees, type = U, condition = L  


g. Fallen trees, type = U, condition = D, decay class = 1 


6. Post-harvest dead standing trees 


a. Standing trees, condition = D, mortality timing = PRE 


b. Standing trees, condition = D, mortality timing = null, decay class = 3, 4, 5 (2008 trees only, site 47 & 56) 


c. Fallen trees, type = U, condition = D, decay class = 3, 4, 5  


d. Fallen trees, type = B, condition = D, decay class = 3, 4, 5, no associated standing tree 


7. Post-harvest relic stumps 


a. Standing trees, condition = RS 


8. Post-harvest tree condition ‘unknown’ 


a. Standing trees, condition = D, mortality timing = U 


b. Fallen trees, type = U, condition = D, decay class = 2 


c. Fallen trees, type = B, condition = D, decay class = 2, no associated standing tree 


9. Buffer trees cut during harvest 


a. Standing Trees, condition = ST 


10. Trees knocked down during harvest 


a. Fallen Trees, felling process = Y 
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APPENDIX C. LIST OF SPECIFIC FOLLOW-UP RESEARCH QUESTIONS 
Following is a list of potential future research questions related to effectiveness of the westside 


Type Np riparian prescriptions. 


 


Riparian stand response 


 How successful is natural tree regeneration in buffers that are subject to high mortality rates 


and disturbance due to wind? What are the characteristics of tree stands that regenerate 


following these disturbances? Does competition from shrubs and low-growing plants delay 


or prevent tree regeneration in highly disturbed riparian areas? 


 How do riparian processes and channel conditions respond to changes in riparian stand 


conditions beyond five years following disturbance in the buffers and clear-cut areas? (E.g. 


LWD recruitment and channel wood, shade and stream temperature). 


Heat/water temperature response  


 How does thermal loading change when overhead shade is reduced due to high rates of tree 


mortality or clear-cut timber harvest? 


 To what extent does cover from fallen trees, logging slash, shrubs and understory plants 


compensate for loss of tree canopy shade due to tree mortality or clear-cut timber harvest? 


 Is it feasible to differentiate headwater streams in western Washington based on sensitivity to 


changes in stream temperature due to loss of shade? 


Woody debris response  


 What are the effects of episodic input of a large amount of woody debris from large wind-


throw events on channel functions such as sediment storage? 


 What is the fate of spanning and suspended fallen trees? How much of this wood ultimately 


enters the channel and provides channel functions and over what time frame?  


 What are the effects of large inputs of logging slash from clear-cut timber harvest on channel 


morphology, channel cover, stream temperature and sediment storage/routing? How long 


does logging debris persist in the channel and how is debris loading and function affected by 


decay and transport processes? Do the functions provided by small diameter wood and slash 


differ from those provided by large diameter wood in headwater stream channels? 


 How do LWD and litter fall rates change over time as riparian stands recover from 


disturbance due to large wind-throw events or clear-cut timber harvest? 


 Under what conditions do headwater streams transport LWD downstream to fish-bearing 


waters, and how important is the contribution of headwater streams to the wood budget of 


western Washington streams? 


Sediment response 


 Does sediment delivered by soil disturbance from clear-cut harvest or trees uprooted during 


large wind-storms result in changes in substrate characteristics or suspended sediment and 


turbidity levels, and for how long do these effects persist? 


 How are sediment storage and routing affected by changes in the amount and type of debris 


inputs to headwaters streams, and the frequency and persistence of debris jams that retain 


sediment? 
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Wind-throw response 


 Are the impacts to aquatic resources associated with the current rate of wind-throw in Type 


Np riparian buffers acceptable?  


 Can areas of high wind-throw risk be identified, and if so, what are appropriate riparian 


management strategies for wind-throw prone areas? 


Perennial initiation point (PIP) buffer response 


 How representative is this small sample of PIP buffers of the distribution of conditions in the 


overall population of PIP buffers? 


Are the aquatic resources that PIP buffers are designed to protect adversely affected by high tree 


mortality and tree fall 


Sub-basin-scale response 


 Is the 300-500 ft no-cut buffer located at the downstream end of the Type Np basin effective 


in ameliorating potential effects of clear-cut harvest or buffer mortality further upstream in 


the basin on exports from the Type Np basin and downstream fish habitat?  


 Does clear-cut harvest of up to 50% of the Type Np stream length provide an appropriate 


level of protection for aquatic resources to meet FFR resource objectives? Under what 


conditions would be appropriate to increase or decrease the percentage of stream length with 


clear-cut harvest? 


 What is the effect of high rates of buffer tree mortality on aquatic resources? Is the amount of 


disturbance in buffers acceptable on a landscape scale, or is it desirable to reduce the 


occurrence of high mortality in buffers?  
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Framework for Successful Policy/CMER Interaction 
Westside Type N Buffer Characteristics, Integrity and Function Study Final Report 


January 2012 


 


Answers to the first six questions from the Policy/CMER interaction framework document 


(WAC 222-12-045, Section 22) for the “Westside Type N Buffer Characteristics, Integrity 


and Function Study Final Report”  


 


1. Does the study inform a rule, numeric target, performance target, or resource 


objective? 


Yes. (See number 2 below).  


 


2. Does the study inform the Forest Practices Rules, the Forest Practices Board Manual 


guidelines, or Schedules L-1 or L-2? 


The purpose of the Westside Type N Buffer Characteristics, Integrity and Function (BCIF) Study 


was to begin to evaluate the effectiveness of the westside Type N riparian prescriptions by 


monitoring changes in riparian stand conditions (stand development and trajectory), buffer tree 


mortality, shade, wood recruitment, and soil disturbance. The prescription treatments examined 


include: 1) clear-cut harvest to the edge of the stream, 2) 50-ft no cut buffers on both sides of the 


stream, and 3) buffers around the perennial initiation point (PIP), currently referred to as “the 


uppermost point of perennial flow” in the forest practices rules.  


 


The Westside Type N BCIF Study informs:  


 The Westside Type N riparian rules by focusing on addressing Schedule L-1 Key Question 2  


“Will the prescriptions produce forest conditions and processes that achieve resource 


objectives while taking into account the natural spatial and temporal variability inherent 


in forest ecosystems”?,  


o The Schedule L-1 functional objectives for:  


 heat/water temperature,  


 LWD/organic inputs,  


 sediment, and  


o The Schedule L-1 performance targets for: 


  shade, and  


 stream bank/equipment limitation zone disturbance  


 Further, the Westside Type N BCIF Study partially addresses the following CMER Work 


Plan Westside Type N Riparian Effectiveness Program rule group critical question(s):  


o How do survival and growth rates of riparian leave trees change following Type Np 


buffer treatments? 


o Are riparian processes and functions provided by Type Np buffers maintained at levels 


that meet FP HCP resource objectives and performance targets for shade, stream 


temperature, LWD recruitment, litter fall, and amphibians? 


o What is the frequency and distribution of windthrow in forest practices buffers? 
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3. Was the study carried out pursuant to CMER scientific protocols (i.e., study design, 


peer review)? 


Yes. The study plan went through RSAG, CMER, and ISPR review. The study was carried out 


according to the CMER and ISPR approved study design. RSAG, CMER, and ISPR have 


reviewed the final report. The final report was approved by CMER in December 2011.  
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4. A. What does the study tell us?   


The Westside Type N BCIF Study provides information on the magnitude of change in riparian 


stand conditions, tree mortality and regeneration, wood recruitment, channel debris, shade and 


soil disturbance following application of the westside Type N riparian prescriptions. Two 


prescription treatments (clear-cut harvest and 50 ft buffers) were evaluated by comparing the 


magnitude of change for five years after harvest with untreated second-growth sites. Data were 


also collected on only three perennial initiation point (PIP) buffers. The study documented 


changes at a harvest-unit scale for five years following harvest. The sites were randomly selected 


harvest units where harvest was conducted according to approved forest practices applications. 


The key findings of the study area summarized below:  


 The clear-cut prescription resulted in the greatest change in riparian stand conditions and 


functions. Few trees remained after clear-cut harvest (mean density =12.5 trees/acre). LWD 


recruitment rates were low (0.1 ft
3
/100 ft/yr) after harvest, but total channel debris cover was 


abundant (50.7%) due to slash input during logging. There was little overhead shade 


immediately after harvest (12%), but overhead cover and cover from understory plants and 


shrubs increased during the first five years after harvest.  


 Of the treatments, the 50-ft buffer prescription resulted in the least change in riparian stands 


and functions. Over the 5 year post-harvest period, the rate of change (reduction) in stand 


density was similar in the 50-ft buffer and reference patches, although the reference patches 


retained more trees/acre. Mean overhead shade at midstream was 10-13% lower than in the 


reference reaches over the 5 year post-harvest period. LWD recruitment was about double the 


reference rate.  


 Wind was the dominant cause of tree mortality in the 50-ft buffers. Wind was also the 


dominant mortality agent in the small sample of PIP buffers. The limited PIP data suggest 


that the mean mortality rate for the PIP buffers was higher than for the 50-ft buffers. 


 Mortality from wind varied by harvest treatment and storm intensity. During the first three 


years after harvest there were four windstorms of moderate intensity (peak winds 40-60 mph) 


and the mortality rate in the newly established buffers was significantly greater than in the 


reference patches. During years 4-5 there were two powerful storms (peak winds greater than 


60 mph) and the mortality rate in the 50-ft buffers was not significantly different from the 


mortality rate for the reference patches because mortality increased in the reference stands.  


 There was substantial variation in tree mortality rates among the 50-ft buffer group, which 


resulted in corresponding differences in stand condition and riparian functions. Mortality 


rates had a bi-modal distribution. Ten of the 50-ft buffers had less than 33% mortality over 


the 5 year post harvest period, while three had mortality in excess of 50%. In the group with 


higher mortality rates, stand density was greatly reduced, overhead shade was less and LWD 


recruitment rates were higher.  


 It is uncertain how these riparian stands will respond over a longer timeframe, and whether 


the subset of 50-ft (and PIP) buffers with high mortality will meet FFR resource objectives 


for heat/water temperature and LWD recruitment.  


 The soil disturbance performance target was met at all 50-ft and PIP buffer patches, and at 


seven of eight clear-cut patches.  


 It was difficult to evaluate the effectiveness of the westside Type N prescriptions using the 


performance targets. Some (e.g. the shade target), appear to re-state the prescriptions, and it 
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was unclear if others (e.g. stand condition and LWD recruitment) are intended to be applied 


to Type N streams. Consequently, the study evaluated prescription effectiveness by 


comparing the treatments to unharvested reference sites of similar age.  


 


B. What does the study not tell us? 
This study has a number of limitations that should be considered when interpreting and 


extrapolating the results. The results of the study pertaining to PIP buffers must be interpreted 


cautiously due to the small (3) sample size, which means the data may not be representative of 


the entire population of PIP buffers. Also, there were not PIP reference sites for comparison with 


the PIP treatment sites. Because of the five year timeframe, the study was not able to determine 


the duration of many of the changes observed, or the timeframe for recovery. 


 


In addition, the Westside Type N BCIF Study was not designed or intended to address some 


important aspects of Type N riparian prescription effectiveness, including aquatic resource 


effects (e.g. amphibians and macro-invertebrates), water quality (e.g. stream temperature and 


turbidity) or downstream effects on fish-bearing streams. The study was not intended to 


determine the range of regional and local variation in site conditions or to determine the effect of 


site conditions on riparian response to the treatments. The study does not address the 


effectiveness of the eastside Type N riparian prescriptions.   


 


5. What is the relationship between this study and any others that may be planned, 


underway, or recently completed? 


The Westside Type N BCIF Study is the first completed study in the Type N Riparian 


Effectiveness Program. This program also includes the Westside Type N Experimental Buffer 


Treatment Study- Basalt Lithology (which is currently in the data analysis stage) and the Type N 


Experimental Buffer Treatment Study- Incompetent Lithologies, also known as the soft rock 


study, (which is currently in the site selection stage). The Westside Type N BCIF Study 


evaluated the magnitude of change in riparian stands and some riparian functions when the 


prescriptions were applied on a reach-scale under operational conditions at sites selected from a 


random sample of forest practice applications. The Type N Experimental Buffer Treatment 


Study-Basalt Lithology utilized a manipulative experimental (BACI) design to compare three 


experimental treatments applied on the scale of an entire Type N basin with unharvested 


reference basins. The treatments include clear-cut (no riparian buffer), a treatment similar to the 


Forest Practices rules (50%+ buffer) and 100% riparian buffer. Therefore, this study will expand 


the knowledge gained in the Westside Type N BCIF Study in several ways. First, it will augment 


the information from the Westside Type N BCIF Study on riparian stand conditions, tree 


mortality, shade and LWD recruitment by increasing the sample of clear-cut, 50-ft buffer and 


PIP buffer reaches. This will be particularly helpful in reducing the level of uncertainty in PIP 


buffer response by increasing the sample size and by providing PIP buffer reference data. In 


addition, the Type N Experimental Buffer Treatment Study-Basalt Lithology will examine 


changes on a sub-basin scale that integrates the effect of different reach-scale treatments as well 


as exports of heat, sediment and nutrients from Type N basin. Finally, because the Type N 


Experimental Study-Basalt Lithology includes both pre-and post-harvest data collection, it will 


evaluate the effects of the prescriptions on additional variables not include in the Westside Type 


N BCIF Study, including stream temperature, litter fall, and amphibian abundance and genetics. 


The “soft rock” study will further expand the data set on changes in riparian stand conditions, 
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buffer tree mortality, LWD recruitment, shade and stream temperature, and sediment export from 


westside Type N basins with sedimentary lithologies.  


 


The results of these studies are expected to provide a thorough assessment of prescription 


effectiveness by documenting changes in riparian stands and functions. They will also generate 


data that can be used to determine if the resource objectives for heat/water temperature, 


LWD/organic inputs, sediment, and stream-associated amphibians are met. 


 


6. What is the scientific basis that underlies the rule, numeric target, performance target, 


or resource objective that the study informs?  How much of an incremental gain in 


understanding do the study results represent? 


The westside Type N riparian prescriptions and performance targets represent a new approach to 


management of riparian stands on westside Type N streams. This approach is based on a patch-


cut strategy, where a portion of the riparian stands in a Type N basin may be clear-cut, while 


sensitive sites and at least 50% of the perennial stream length is buffered. Because this is the first 


time that the effectiveness of this strategy has been evaluated in western Washington, the 


Westside Type N BCIF Study provides the first data on changes in buffer tree mortality, wood 


recruitment, channel debris, shade and soil disturbance after the application of this prescription 


strategy in an operational setting. This study reduces scientific uncertainty by: 1) documenting 


changes in the characteristics of westside Type N riparian stands, e.g. changes in stand density, 


basal area, composition, 2) comparing buffer tree mortality rates in the first five years after 


harvest with those for reference stands, and documenting the variability mortality rates between 


sites, 3) identifying causes of mortality and tree fall, and the effect of wind on riparian buffer 


survival, and 4) documenting in-growth and tree regeneration. This study also provides the first 


data on the rates of LWD recruitment, shade and cover and soil disturbance associated with the 


clear-cut harvest, 50 ft buffer and PIP buffer prescriptions.  


 


Technical implications and recommendations.  


In addition to answering the six questions, the proposed revisions to the findings report guidance 


in the CMER protocols and standards manual request that CMER provide technical implications 


and recommendations resulting from the study, including suggestions for new rule tools, research 


and monitoring, and suggested rules/board manual sections to review or revise. Following are 


technical implications and recommendations for the Westside Type N BCIF Study.  


 


New rule tool development. There are no recommendations for new rule tool development.  


 


Research and monitoring suggestions.  


 Wind mortality and disturbance in Type N riparian buffers. The Westside Type N BCIF 


Study results indicate that there is much variation in wind mortality rates, and the greatest 


damage occurs in a limited number of sites. Extensive wind mortality in buffers reduced the 


stock of standing trees, reduced overhead shade and resulted in a large input of woody debris. 


The Type N Experimental Buffer Treatment Study- Basalt Lithology will provide additional 


information on wind mortality in buffers and the effects of wind throw on aquatic resources, 


including stream temperature, suspended sediment and stream-associated amphibians. This 


information will be useful in determining whether the resource effects of wind throw justify 


efforts to reduce wind damage in westside Type N buffers. If so, additional data from a larger 
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number of sites would be useful in identifying potential regional patterns and the effect of 


site conditions on buffer tree mortality rates. This information could be useful in creating or 


validating wind throw hazard prediction models for western Washington and designing 


prescriptions to reduce wind mortality.  


 Disturbance and recovery trends over time. This study covered only the first five years after 


harvest, which is not enough time to fully evaluate the duration of harvest effects, the 


timeframe for recovery, and the long-term trajectory of the riparian stands. Extending data 


collection over a longer time span at the existing Westside Type N BCIF and Type N 


Experimental Buffer Treatment study sites would reduce scientific uncertainty about the 


duration of disturbance and the progress of recovery in Type N buffers and clear-cuts, 


including: changes in tree mortality and stand conditions, changes shade levels, and changes 


in channel debris loading and LWD recruitment. This would result in a more confident 


assessment of prescription effectiveness.  


 Additional research on PIP buffer effectiveness. One limitation of the Westside Type N BCIF 


Study was the small sample size for PIP buffers. The Type N Experimental Buffer Treatment 


Study-Basalt Lithology will increase the sample of PIP buffers. If the results of the Type N 


Experimental Study-Basalt Lithology Study support the conclusion that PIP buffers are 


vulnerable to wind damage, and if the data indicate that this results in adverse effects to 


aquatic resources, CMER should consider developing a research project that would support 


adaptive management to reduce wind-throw in PIP buffers or identify alternative 


management strategies that would meet the functional objectives as they pertain to the 


uppermost point of perennial flow.  


 Extensive monitoring of riparian stand conditions and functions in westside Type N streams. 


CMER has conducted extensive temperature monitoring on a random sample of westside 


Type N streams regulated under the forest practice rules. Collection of additional data on 


riparian stand conditions, tree mortality, and LWD recruitment and loading at extensive 


monitoring sites would provide a landscape-scale assessment of westside Type N riparian 


conditions, and help determine how well the functional objectives are being met on lands 


regulated by the westside Type N riparian prescriptions.   


 


Suggested changes to rules/board manuals 


Review and revise Type Np performance targets. Some of the Type N performance targets were 


not very useful in evaluating effectiveness. For example, the shade and litter fall performance 


targets appear to merely restate the prescriptions, so if the harvest is done in compliance with the 


rules, the performance target will be met. In addition, clarification is needed on whether LWD 


performance targets apply to westside Type N streams. Once the Type N Experimental Buffer 


Treatment Study- Basalt Lithology is completed, CMER and the Forests and Fish Policy Group 


should review and evaluate the shade, LWD and litter fall performance targets for westside Type 


N streams in the context the results of these studies and other current scientific research, and 


propose changes to these performance targets and/or new measures where appropriate.  


 


Changes in the level of uncertainty/risk to key aquatic resources and evaluation of whether 


aquatic resource objectives are being met. 


 Heat/Water Temperature. The Schedule L-1 functional objective is to “provide cool water by 


maintaining shade, groundwater temperature, flow and other watershed processes controlling 
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stream temperature.” There are performance targets for stream temperature and shade. The 


Westside Type N BCIF Study reduces uncertainty about shade by providing data on levels of 


overhead shade and cover from understory vegetation, shrubs and woody debris during the 


first five years after harvest with the westside Type N prescriptions. Shade levels were 


highest in the buffered stream reaches, about 10-13% lower than in the reference reaches. 


However buffer reaches with high mortality lost more shade. Clear-cut reaches had lower 


levels of overhead shade, but they had increased levels of cover from logging debris and 


growth of shrubs and streamside understory plants following harvest. Uncertainty remains 


concerning the effectiveness of shrubs, understory plants and logging debris in maintaining 


cool stream temperatures. There is also uncertainty about the effect of variation in 


geomorphic and site conditions on the sensitivity of headwater streams to changes in solar 


input. Since the shade performance target appears to be based on a compliance target, it was 


not useful in evaluating whether the functional objective was met. No stream temperature 


data were collected in this study, so uncertainty remains about whether the patch buffer 


strategy meets the functional objective or the performance target for stream temperature (the 


water quality standards). This will be addressed by the Type N Experimental Buffer 


Treatment Study- Basalt Lithology.  


 


 LWD/Organic Inputs. The functional objective is to “develop riparian conditions that provide 


complex habitats for recruiting large woody debris and litter”. There are performance targets 


for riparian condition, litter fall and in-stream LWD. This study reduces uncertainty about 


riparian stand conditions, tree mortality and tree fall during the first five years after harvest 


with the westside Type N prescriptions, and about LWD recruitment rates from clear-cut and 


buffered reaches. It was unclear if either the riparian condition performance target or the 


instream LWD performance target apply to Type N streams, so no evaluation was done. No 


data were collected on litter fall, so the litter fall target was not evaluated, however this issue 


will be addressed by the Type N Experimental Buffer Treatment Study- Basalt Lithology. 


The data collected on LWD recruitment informs an evaluation of the functional objective 


(develop riparian conditions that provide complex habitats for recruiting large woody debris 


and litter). Harvest under the westside Type N patch cut prescription creates two wood 


recruitment regimes. The clear-cut reaches appear to receive a large input of wood debris 


during harvest, consisting of tops, branches, and the broken stems of unmerchantable trees, 


with very little additional LWD recruitment during the first five years after harvest. 


Uncertainty remains about the fate and persistence of the logging debris, and whether this 


wood input regime meets the functional objective of providing complex habitats for 


recruiting large wood. Mean LWD recruitment volume in the 50-ft buffers was greater than 


in the reference stands in the first five years after harvest, so it appears that the functional 


objective is being met during the initial post-harvest period. Many trees remain in buffers 


without extensive mortality, so future recruitment potential is good. For the sub-set of buffers 


with heavy wind mortality, LWD recruitment rates were higher during the first five years 


after harvest, but the remaining stand is depleted of standing trees, and uncertainty remains 


about the ability of these stands to supply LWD over the long-term.  


 


 Sediment. The functional objective is to “provide clean water and substrate and maintain 


channel forming processes by minimizing to the maximum extent practical, the delivery of 


management-induced coarse and fine sediment to streams by protecting stream bank 
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integrity, providing vegetative filtering, protecting unstable slopes, and preventing the 


routing of sediment to streams.” This study reduces uncertainty about how frequently the 


stream bank/equipment limitation zone (ELZ) disturbance performance target is met when 


the westside Type N riparian prescriptions are applied in an operational setting. All 50-ft 


buffer and PIP buffer sites and seven of eight clear-cut met the performance target.  


 


 Hydrology, chemical inputs, stream typing and fish passage. No data were collected that is 


relevant to these functional objectives.    
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1111 WASHINGTON ST SE  MS 47001  OLYMPIA, WA 98504-7001 
TEL: (360) 902-1000  FAX: (360) 902-1775  TRS:  711  TTY: (360) 902-1125  WWW.DNR.WA.GOV 


EQUAL OPPORTUNITY EMPLOYER 
 


PETER GOLDMARK 
Commissioner of Public Lands 


July 26, 2012 
 
 
MEMORANDUM 
 
TO:  Forest Practices Board 
 
FROM: Gretchen Robinson 


Forest Practices Division, Policy and Service Section 
 
SUBJECT: Rule Making Related to Conversions and Forest Practices Applications 
 
On August 14, 2012 I will request the Board’s approval to file a CR-102 Proposed Rule Making 
with draft rules to incorporate several legislative changes into the forest practices rules, and to 
make other corrections and clarifications. 
 
Attached for your convenience are a summary of the pertinent law changes and a table you can 
use as a reference while reviewing the rule proposal. The table indicates the reasons for most of 
the proposed changes; only minor corrections and clarifications are not included. 
 
For your information, in July we distributed draft language to Forests and Fish Policy Committee 
leads and DNR region staff. We received helpful input from that review which is reflected in the 
proposal. 
 
If you approve filing the language with a CR-102, staff will schedule a hearing to take place early 
in October and the proposal will be available for public review for about a month prior to the 
hearing. We will then analyze all comments we receive, make changes as appropriate, and 
prepare a draft for the Board to consider adopting in November 2012. 
 
Because this rule proposal only incorporates changes in statutes, clarifies language, or corrects 
typographical errors, it is exempt from requirements in RCW 34.05.328 Significant legislative 
rules in the Administrative Procedure Act. This means that a cost-benefit analysis is not required. 
Also, a small business impact statement is not required because it does not impose costs on 
businesses, and a SEPA analysis is not required because it fits the exemption for procedural 
actions under WAC 197-11-800(19). 
 
Please call me at (360) 902-1705 if you have any questions before the Board meeting. 
 
GR/ 
Enclosures: Legislation requiring changes in Title 222 WAC 
  Reference table 


Draft Rule Proposal for Conversions and Forest Practices Applications 







 


 


 
Legislation requiring changes in Title 222 WAC 


Rule Making for Conversions and Forest Practices Applications 
August 2012 


 
Second Substitute Senate Bill 5883 (2007) replaced the mandatory six-year building moratorium 
that applied to a landowner who conducts unauthorized conversion activities with another 
process. If a landowner begins conversion activities without an approved forest practices 
application (FPA), or fails to state in an FPA that the land subject to the application will be 
converted, DNR must send a notice of conversion to nonforestry use to the Department of 
Ecology and the local governmental entity (LGE) where the land is located. The legislation also 
specified procedures for landowners to submit the proper FPAs. The pertinent laws are RCW 
76.09.060, RCW 76.09.460, and RCW 76.09.470. 


Proposed rule changes can be seen in WAC 222-20-050(2) and NEW WAC 222-20-052. 
 


Substitute House Bill 1409 (2007) changed RCW 76.09.240 related to the transfer of jurisdiction 
of forest practices within urban growth areas (UGAs) from DNR to LGEs. One of the changes 
was to exclude ownerships of 20 or more contiguous forest land acres from the transfer of 
jurisdiction if the landowner documents the intent not to convert to a nonforestry use. In 
these cases, DNR maintains forest practices jurisdiction. 


Proposed changes under “Class IV-general”, Class II”, and “Class III” in WAC 222-16-050 
Classes of forest practices, show that classifications of FPAs on these particular lands 
within UGAs are not Class IV-general, and can be Class II, III, or IV-special. 


 
House Bill 1582 (2011) eliminated “lands platted after January 1, 1960” from RCW 76.09.050 
(classes of forest practices). Proposed forest practices on these platted lands are now not 
automatically assumed to be conversions to a non-forestry use, and therefore will not 
automatically be designated Class IV-general.  


Changes to WAC 222-16-050 and chapter 222-20 WAC are proposed to reflect that change 
in law. 


 
Second Engrossed Substitute Senate Bill 6406 (2012): Among many other law changes, this 
legislation added a year to forest practices application effective terms. This change was effective 
on July 10, and several WACs need to be changed accordingly. 


 







 


 
 


Reasons for proposed rule changes 
Rule Making for Conversions and Forest Practices Applications 


August 2012 
 


line 
numbers on 
draft rules 


WAC 
Reason for change 


This table does not include minor corrections or clarifications. 


12-13 222-08-032 Correction due to change in agency name. 
57 222-12-035 Reference is no longer appropriate due to Forest Riparian Easement 


Program (FREP) rule amendment in 2012. See proposed new definition of 
“small forest landowner” in WAC 222-16-010 based on RCW 76.09.450. 


59 222-12-035 2ESSB 6406 (2012) 
68 222-12-0401(1) 2ESSB 6406 (2012) 
103 222-12-0401(4)(c) Reference is no longer appropriate due to FREP rule amendment in 2012. 


See proposed new definition of “small forest landowner” in WAC 222-16-
010 based on RCW 76.09.450. 
 


115 222-12-0401(5)(b) 
137-138 222-12-0402(1) 


161-175 222-16-010 “Forest landowner” Deletion of unnecessary language subject to adoption of new definition of 
“small forest landowner.” 


178 222-16-010 “Multiyear permit” 2ESSB 6406 (2012) 
180-188 222-16-010 “small forest 


landowner” 
New definition of “small forest landowner” based on RCW 76.09.450. 


191 222-16-010 “small forest 
landowner long-term  
application” 


2ESSB 6406 (2012) 


192-193 222-16-010 “small forest 
landowner long-term 
application” 


Reference is no longer appropriate due to FREP rule amendment in 2012. 
See proposed new definition of “small forest landowner” in WAC 222-16-
010 based on RCW 76.09.450. 


286-287 222-16-050 “Class IV-general” HB 1582 (2011) 
293-295 222-16-050 “Class IV-general” SHB 1409 (2007) 
377 222-16-050 “Class II” Correction due to change in codification. 
381-382 222-16-050 “Class II” HB 1582 (2011) 
382-383 222-16-050 “Class II” SHB 1409 (2007) 


 425-449 222-16-050 “Class II” 
452 222-16-050  Correction due to change in codification. 
479-504 222-16-050 “Class III” SHB 1409 (2007) 
564-565 222-20-010(7)(c) HB 1582 (2011) 
587 222-20-015 2ESSB 6406 (2012) 


 597 222-20-015 
605 222-20-016(1) 
666-667 222-20-020(1)(c) HB 1582 (2011) 
686-691 222-20-020(2) Deletion of duplicate information; the local governmental entity’s 14-day 


right of objection is covered in WAC 222-20-020(3)(a). 
701-702 222-20-020(3)(a) HB 1582 (2011) 
727-728 222-20-040(3)(b) HB 1582 (2011) 
835-846 222-20-050(2) Information about local governmental entities’ conversion option harvest 


plans is moved to NEW SECTION WAC 222-20-051. 
846-860 222-20-050(2) 2SSB 5883 (2007) 
861-863 222-20-050(4) Language moved to subsection (4) of NEW SECTION WAC 222-20-052. 
865-877 NEW SECTION 222-20-051 Concept of conversion option harvest plans is moved here from WAC 222-


20-050(2). 
880-897 NEW SECTION 222-20-052 2SSB 5883 (2007) 
901 


222-20-080 2ESSB 6406 (2012) 903-904 
906-909 
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FOREST PRACTICES BOARD 1 
Draft Rule Proposal for Conversions and Forest Practices Applications 2 


August 2012 3 
 4 


CHAPTER 222-08 WAC 5 


WAC 222-08-032  Function, organization, and office.   6 
(1) The forest practices board was created by chapter 76.09 RCW to adopt forest practices rules 7 


as described in WAC 222-12-010. 8 
(2) The board's membership as described in RCW 76.09.030(1), consists of thirteen members to 9 


include:   10 
(a) The commissioner of public lands or the commissioner's designee; 11 
(b) The director of the department of community, trade, and economic 12 


developmentcommerce or the director's designee; 13 
(c)  The director of the department of agriculture or the director's designee; 14 
(d) The director of the department of ecology or the director's designee; 15 
(e) The director of the department of fish and wildlife or the director's designee; 16 
(f) An elected member of a county legislative authority appointed by the governor so 17 


long as that member serves as an elected official;  18 
(g) A member representing a timber products union, appointed by the governor from a 19 


list of three names submitted by a timber labor coalition affiliated with a statewide 20 
labor organization that represents a majority of the timber product unions in the state; 21 
and 22 


(h) Six members of the general public appointed by the governor, one of whom shall be 23 
a small forest landowner who actively manages his or her land, and one of whom 24 
shall be an independent logging contractor.   25 


(3) The governor-appointed members are appointed to four-year terms.   26 
(4) The commissioner of public lands or designee shall chair the board. 27 
(5) General public members of the board, except public employees and elected officials, shall be 28 


compensated in accordance with RCW 43.03.250.  Each member shall be entitled to 29 
reimbursement for travel expenses incurred in the performance of their duties as provided in 30 
RCW 43.03.050 and 43.03.060. 31 


(6)  Staff support is provided to the board as provided in RCW 76.09.030(6).  Staff shall perform 32 
the following duties under the general authority and supervision of the board: 33 


 (a) Act as administrative arm of the board; 34 
 (b) Act as records officer to the board; 35 
 (c)  Coordinate the policies and activities of the board; and 36 
 (d)  Act as liaison between the board and other public agencies and stakeholders. 37 


(7) The administrative office of the board is located at 1111 Washington Street S.E., Olympia, 38 
Washington.  The board may sit or hold hearings anywhere in the state.  The office hours are 39 
8:00 a.m. to noon and 1:00 p.m. to 5:00 p.m., Monday through Friday, except legal holidays 40 
and during board meetings.  The board may be contacted at: 41 


 Forest Practices Board 42 
 c/o Department of Natural Resources 43 
 Forest Practices Division 44 
 P.O. Box 47012 45 
 Olympia, WA 98504-7012 46 
 Phone:  360-902-1400 47 
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 Fax:  360-902-1428 48 
 E-mail:  forest.practicesboard@dnr.wa.gov 49 


(8) Any person may contact the board as indicated in subsection (7) of this section to obtain 50 
information on board activities. 51 


 52 
CHAPTER 222-12 WAC 53 


WAC 222-12-035  *Small forest landowner long-term applications.  In order to facilitate 54 
flexibility for small forest landowners in the timing of their forest practices activities, the 55 
department will receive, and approve or disapprove, long-term forest practices applications.  Small 56 
forest landowners as defined in WAC 222-21-010(13) are eligible to submit long-term applications 57 
unless proposing a conversion to a use other than commercial timber production.  An approved 58 
long-term application will be effective for a term of three four to fifteen years at the discretion of the 59 
landowner.  These applications may contain alternate plans for all or portions of the forest land area 60 
included in the long-term application.  Alternate plan portions of long-term applications will be 61 
reviewed according to the alternate plan process described in WAC 222-12-0401. The process for 62 
small forest landowner long-term applications is described in WAC 222-20-016. 63 
 64 
WAC 222-12-0401  *Alternate plans--Process.   65 
(1)  Application. A landowner may submit an alternate plan that departs from the specific 66 


provisions of chapters 222-22 through 222-38 WAC for any or all of the activities described 67 
in the application. Alternate plans must be submitted with a twothree-year, multiyear, or 68 
small forest landowner long-term application. Alternate plans may support a single forest 69 
practices application or multiple applications if the sites included in the plan have sufficient 70 
common physical characteristics and elements to justify being considered together. See 71 
board manual section 21. 72 


(2)  Plan preparation. The landowner is responsible for preparing and submitting an alternate 73 
plan. Small forest landowners may wish to seek the assistance of the small forest landowner 74 
office. See WAC 222-12-0402. 75 


(3)  Contents of alternate plans. Alternate plans must contain all of the following: 76 
(a)  A map of the area covered, at a scale acceptable to the department showing the 77 


location of any affected streams and other waters, wetlands, unstable slopes, and 78 
existing roads. The map must also show the location of proposed road construction, 79 
timber harvest, and other forest practices; 80 


(b) A description of how the alternate plan provides public resource protection to meet 81 
the approval standard, including a description of the proposed alternate management 82 
strategy, prescriptions, and where applicable, aquatic resource enhancements; 83 


(c) A list of the forest practices rules that the alternate management plan is intended to 84 
replace; 85 


(d) Where applicable, descriptions of monitoring and adaptive management strategies, 86 
including landowner plans for annual performance reviews; 87 


(e) Where applicable, descriptions of an implementation schedule; and 88 
(f) When multiple forest practices applications are submitted with the same alternate 89 


plan or when an alternate plan has been used for previous applications, justification 90 
that the sites included in the plan share sufficient common physical characteristics 91 
and elements to be considered together. 92 


(4)  Review of proposed plan. Upon receipt of a forest practices application together with an 93 
alternate plan, the department will do all of the following: 94 
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(a)  Appoint an interdisciplinary team. 95 
(b)  Establish a deadline for completion of the interdisciplinary team review that is 96 


consistent with the requirements of subsection (5) of this rule; and 97 
(c)  Within five business days of receipt of an application with an alternate plan, provide 98 


copies of the application and alternate plan to the departments of ecology and fish 99 
and wildlife, affected Indian tribes, the National Marine Fisheries Service, the United 100 
States Fish and Wildlife Service, and other parties that have expressed an interest in 101 
alternate plans in the area of the application. If the landowner is a small forest 102 
landowner under WAC 222-21-010 (13), copies should also be provided to the small 103 
forest landowners office. 104 


(5)  Interdisciplinary team. 105 
(a)  The department will determine the members invited to participate on an 106 


interdisciplinary team. Teams will include members with the qualifications necessary 107 
to evaluate the alternate plan. A representative of any affected Indian tribe, and 108 
departments of ecology and fish and wildlife will be invited to participate. Each team 109 
will include a representative of the landowner and a professional forester employed 110 
by the department and shall be led by a department employee. 111 


(b)  The interdisciplinary team will conduct a site visit and submit a recommendation to 112 
the department at least three days prior to the expiration of the application time limit 113 
in WAC 222-20-020. The interdisciplinary team may submit a recommendation 114 
without a site visit if a small forest landowner under WAC 222-21-010 (13) 115 
submitted the alternate plan using a template contained in board manual section 21 116 
and is a low impact alternate plan and the team determines a visit is not necessary to 117 
evaluate the site specific application of a template or a low impact alternate plan. 118 


(c)  The recommendation of the interdisciplinary team shall indicate whether the alternate 119 
plan meets the approval standard, or what revisions are necessary to meet the 120 
approval standard. The team is intended to work with the landowner in an attempt to 121 
reach consensus on the efficacy of the alternate plan. In the absence of consensus, the 122 
team will forward reports reflecting the majority and minority opinions, or the 123 
landowner may elect to withdraw or revise the proposal. 124 


(6)  Approval standard. An alternate plan must provide protection for public resources at least 125 
equal in overall effectiveness to the protection provided in the act and rules. 126 


(7)  Approval, conditions, or disapproval. Upon receipt of the interdisciplinary team’s 127 
recommendation, the department shall determine whether to approve, disapprove, or 128 
condition the application based on the approval standard. The department shall give 129 
substantial weight to the recommendations of the interdisciplinary team in cases where a 130 
consensus recommendation is forwarded. If the department disapproves or conditions a 131 
forest practices application with an alternate plan, the department will provide a written 132 
statement to the landowner explaining why the application was conditioned or denied. 133 


 134 
WAC 222-12-0402  *Assistance available for small forest landowners.   135 
(1)  The small forest landowner office has been established within the department to be a 136 


resource and focal point for small forest landowner concerns and policies. A small forest 137 
landowner is defined in WAC 222-21-010 (13). The legislature recognized that the further 138 
reduction in harvestable timber owned by small forest landowners would further erode small 139 
forest landowner’s economic viability and willingness or ability to keep the lands in forestry 140 
use, and, therefore, reduced the amount of habitat available for salmon recovery and 141 
conservation of other aquatic resources. The legislature has directed that office to assist 142 
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small forest landowners in preparing alternate plans appropriate to small forest landowners. 143 
See RCW 76.13.100 and 76.13.110(3). 144 


(2)  Small forest landowners interested in alternate plans are encouraged to contact the small 145 
forest landowner office for assistance in preparing an alternate plan. The office may provide 146 
technical assistance in understanding and using board manual section 21 for alternate plans, 147 
assistance in developing an individualized alternate plan for the small forest landowner and 148 
facilitation of small forest landowner interactions with the department, other state agencies, 149 
federal agencies, affected Indian tribes and the interdisciplinary team that may review the 150 
small forest landowner’s alternate plan. 151 


 152 
CHAPTER 222-16 WAC 153 


WAC 222-16-010  *General definitions   154 
. . . 155 
"Forest landowner" means any person in actual control of forest land, whether such control is 156 
based either on legal or equitable title, or on any other interest entitling the holder to sell or 157 
otherwise dispose of any or all of the timber on such land in any manner. However, any lessee or 158 
other person in possession of forest land without legal or equitable title to such land shall be 159 
excluded from the definition of "forest landowner" unless such lessee or other person has the right 160 
to sell or otherwise dispose of any or all of the timber located on such forest land. The following 161 
definitions apply only to road maintenance and abandonment planning: 162 
(1)  "Large forest landowner" is a forest landowner who is not a small forest landowner. 163 
(2)  "Small forest landowner" is a forest landowner who at the time of submitting a forest  164 
practices application or notification meets all of the following conditions:  165 
• Has an average annual timber harvest level of two million board feet or less from their own 166 
forest lands in Washington state; 167 
• Did not exceed this annual average harvest level in the three year period before submitting a 168 
forest practices application or notification; 169 
• Certifies to the department that they will not exceed this annual harvest level in the ten years 170 
after submitting the forest practices application or notification. 171 
However, the department will agree that an applicant is a small forest landowner if the landowner 172 
can demonstrate that the harvest levels were exceeded in order to raise funds to pay estate taxes or 173 
to meet equally compelling and unexpected obligations such as court-ordered judgments and 174 
extraordinary medical expenses. 175 
. . . 176 
"Multiyear permit" means a permit to conduct forest practices which is effective for longer than 177 
two three years but no longer than five years. 178 
. . . 179 
“Small forest landowner” means an owner of forest land who, at the time of submission of 180 
required documentation to the department: 181 
• Has harvested no more than an average timber volume of two million board feet per year from 182 


their own forest lands in Washington state during the three years prior to submitting required 183 
documentation; and  184 


• Certifies they do not expect to exceed that average timber volume for ten years after the 185 
department receives the required documentation. 186 


However, a landowner who exceeded or expects to exceed those harvest limits may still be deemed 187 
a “small forest landowner” under circumstances described in RCW 76.09.450. 188 
 189 
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"Small forest landowner long-term application" means a proposal from a small forest landowner 190 
to conduct forest practices activities for terms of three four to fifteen years.  Small forest landowners 191 
as defined in WAC 222-21-010(13) are eligible to submit long-term applications if they meet the 192 
definition of “small forest landowner.” 193 
. . . 194 
 195 
WAC 222-16-050  Classes of forest practices.   196 
*There are four classes of forest practices created by the act.  All forest practices (including those in 197 
Classes I and II) on non-federal forest lands must be conducted in accordance with the forest 198 
practices rules. The department determines the classification of each forest practices proposal. 199 
(1) “Class IV-special.”  Except as provided in WAC 222-16-051, application to conduct forest 200 


practices involving the following circumstances requires an environmental checklist in 201 
compliance with the State Environmental Policy Act (SEPA), and SEPA guidelines, as they 202 
have been determined to have potential for a substantial impact on the environment.  It may 203 
be determined that additional information or a detailed environmental statement is required 204 
before these forest practices may be conducted. 205 


*(a) Aerial application of pesticides in a manner identified as having the potential for a 206 
substantial impact on the environment under WAC 222-16-070 or ground application 207 
of a pesticide within a Type A or B wetland. 208 


(b)  Specific forest practices listed in WAC 222-16-080 on lands designated as critical 209 
habitat (state) of threatened or endangered species. 210 


(c)  Harvesting, road construction, aerial application of pesticides and site preparation on 211 
all lands within the boundaries of any national park, state park, or any park of a local 212 
governmental entity, except harvest of less than five MBF within any developed park 213 
recreation area and park managed salvage of merchantable forest products. 214 


*(d) Timber harvest, or construction of roads, landings, gravel pits, rock quarries, or spoil 215 
disposal areas, on potentially unstable slopes or landforms described in (i) below that 216 
has the potential to deliver sediment or debris to a public resource or that has the 217 
potential to threaten public safety, and which has been field verified by the 218 
department (see WAC 222-10-030 SEPA policies for potential unstable slopes and 219 
landforms). 220 
(i)  For the purpose of this rule, potentially unstable slopes or landforms are one 221 


of the following:  (See board manual section 16 for more descriptive 222 
definitions.) 223 
(A)  Inner gorges, convergent headwalls, or bedrock hollows with slopes 224 


steeper than thirty-five degrees (seventy percent); 225 
(B)  Toes of deep-seated landslides, with slopes steeper than thirty-three  226 


degrees (sixty-five percent); 227 
(C) Ground water recharge areas for glacial deep-seated landslides; 228 
(D)  Outer edges of meander bends along valley walls or high terraces of 229 


an unconfined meandering stream; or 230 
(E)  Any areas containing features indicating the presence of potential 231 


slope instability which cumulatively indicate the presence of unstable 232 
slopes. 233 


(ii) The department will base its classification of the application or notification 234 
on professional knowledge of the area, information such as soils, geologic or 235 
hazard zonation maps and reports, review of approved watershed analysis 236 
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mass wasting prescriptions according to WAC 222-22-090(6) or other 237 
information provided by the applicant. 238 


(iii)  An application would not be classified as Class IV-Special for potentially 239 
unstable slopes or landforms under this subsection if: 240 
(A)  The proposed forest practice is located within a WAU that is subject 241 


to an approved watershed analysis; 242 
(B)  The forest practices are to be conducted in accordance with approved 243 


prescriptions from the watershed analysis; and 244 
(C)  The applicable prescription are specific to the site or situation, as 245 


opposed to a prescription that calls for additional analysis.  The need 246 
for an expert to determine whether the site contains specific landforms 247 
will not be considered “additional analysis,” as long as specific 248 
prescriptions are established for such landforms. 249 


*(e) Timber harvest, in a watershed administrative unit not subject to an approved 250 
watershed analysis under chapter 222-22 WAC, construction of roads, landings, rock 251 
quarries, gravel pits, borrow pits, and spoil disposal areas on snow avalanche slopes 252 
within those areas designated by the department, in consultation with department of 253 
transportation and local government, as high avalanche hazard where there is the 254 
potential to deliver sediment or debris to a public resource, or the potential to 255 
threaten public safety. 256 


(f)  Timber harvest or construction of roads, landings, rock quarries, gravel pits, borrow 257 
pits, and spoil disposal areas on the following except in (f)(iv) of this subsection: 258 
(i) Archaeological sites or historic archaeological resources as defined in RCW 259 


27.53.030; or 260 
(ii) Historic sites eligible for listing on the National Register of Historic Places or 261 


the Washington Heritage Register as determined by the Washington state 262 
department of archaeology and historic preservation; or 263 


(iii) Sites containing evidence of Native American cairns, graves, or glyptic 264 
records as provided for in chapters 27.44 and 27.53 RCW. The department of 265 
archaeology and historic preservation shall consult with affected Indian tribes 266 
in identifying such sites. 267 


(iv) A forest practice would not be classified as Class IV-special under this 268 
subsection if: 269 
(A) Cultural resources management strategies from an approved 270 


watershed analysis conducted under chapter 222-22 WAC are part of 271 
the proposed forest practices, and the landowner states this in the 272 
application; or 273 


(B) A management plan agreed to by the landowner, the affected Indian 274 
tribe, and the department of archaeology and historic preservation is 275 
part of the proposed application, and the landowner states this in the 276 
application. 277 


*(g) Forest practices subject to an approved watershed analysis conducted under chapter 278 
222-22 WAC in an area of resource sensitivity identified in that analysis which 279 
deviates from the prescriptions (which may include an alternate plan). 280 


*(h) Filling or draining of more than 0.5 acre of a wetland. 281 
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(2) “Class IV-general.”  Applications involving the following circumstances are “Class IV-282 
general” forest practices unless they are listed in “Class IV-special.” Forest practices 283 
applications classified Class IV-general are subject to the SEPA review process described in 284 
(1) of this section. 285 


(a) Forest practices (other than those in Class I) on lands platted after January 1, 1960, as 286 
provided in chapter 58.17 RCW; 287 


(b) Forest practices (other than those in Class I) on lands that have been or are being 288 
converted to another use; 289 


(cb)  Forest practices which that would otherwise be Class III, but which are taking place 290 
on lands which that are not to be reforested because of likelihood of future 291 
conversion to urban development (see WAC 222-16-060 and 222-34-050); or 292 


(dc) Where the regulatory authority for forest practices has not been transferred from the 293 
department to the local governmental entity pursuant to RCW 76.09.240(1), Forest 294 
forest practices involving timber harvesting or road construction on lands that are 295 
contained within urban growth areas, designated pursuant to chapter 36.70A RCW, 296 
except where the forest landowner provides one of the following: 297 
(i) A written statement of intent signed by the forest landowner not to convert to 298 


a use other than commercial forest productstimber operations for ten years. 299 
This statement must be accompanied by either a written forest management 300 
plan acceptable to the department or documentation that the land is enrolled 301 
under the provisions of chapter 84.33 or 84.34 RCW; or 302 


(ii)  A conversion option harvest plan approved by the local governmental entity 303 
and submitted to the department as part of the application. 304 


Upon receipt of an application, the department will determine the lead agency for purposes 305 
of compliance with the SEPA pursuant to WAC 197-11-924 and 197-11-938(4) and RCW 306 
43.21C.037(2).  Such applications are subject to a thirty-day period for approval unless the 307 
lead agency determines a detailed statement under RCW 43.21C.030(2)(c) is required.  Upon 308 
receipt, if the department determines the application is for a proposal that will require a 309 
license permit from a county/citylocal governmental entity acting under the powers 310 
enumerated in RCW 76.09.240, the department shall notify the applicable county/citylocal 311 
governmental entity under WAC 197-11-924 that the department has determined according 312 
to WAC 197-11-938(4) that the county/citylocal governmental entity is the lead agency for 313 
purposes of compliance with SEPA. 314 


(3)  “Class I.”  Those operations Operations that have been determined to have no direct 315 
potential for damaging a public resource are Class I forest practices.  When the conditions 316 
listed in “Class IV-Specialspecial” are not present, these operations may be commenced 317 
without notification or application. 318 
(a)  Culture and harvest of Christmas trees and seedlings. 319 


*(b)  Road maintenance except:  Replacement of bridges and culverts across Type S, F or 320 
flowing Type Np Waters; or movement of material that has a direct potential for 321 
entering Type S, F or flowing Type Np Waters or Type A or B Wetlands. 322 


*(c)  Construction of landings less than one acre in size, if not within a shoreline area of a 323 
Type S Water, the riparian management zone of a Type F Water, the bankfull width 324 
of a Type Np Water, a wetland management zone, a wetland, or the CRGNSA special 325 
management area. 326 
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*(d)  Construction of less than six hundred feet of road on a sideslope of forty percent or 327 
less if the limits of construction are not within the shoreline area of a Type S Water, 328 
the riparian management zone of a Type F Water, the bankfull width of a Type Np 329 
Water, a wetland management zone, a wetland, or the CRGNSA special management 330 
area. 331 


*(e) Installation or removal of a portable water crossing structure where such installation 332 
does not take place within the shoreline area of a Type S Water and does not involve 333 
disturbance of the beds or banks of any waters. 334 


*(f)  Initial installation and replacement of relief culverts and other drainage control 335 
facilities not requiring a hydraulic permit. 336 


(g)  Rocking an existing road. 337 
(h) Loading and hauling timber from landings or decks. 338 
(i) Precommercial thinning and pruning, if not within the CRGNSA special management 339 


area. 340 
(j) Tree planting and seeding. 341 
(k) Cutting and/or removal of less than five thousand board feet of timber (including 342 


live, dead and down material) for personal use (i.e., firewood, fence posts, etc.) in 343 
any twelve-month period, if not within the CRGNSA special management area. 344 


(l)  Emergency fire control and suppression. 345 
(m) Slash burning pursuant to a burning permit (RCW 76.04.205). 346 


*(n) Other slash control and site preparation not involving either off-road use of tractors 347 
on slopes exceeding forty percent or off-road use of tractors within the shorelines of a 348 
Type S Water, the riparian management zone of any Type F Water, or the bankfull 349 
width of a Type Np Water, a wetland management zone, a wetland, or the CRGNSA 350 
special management area. 351 


*(o)  Ground application of chemicals, if not within the CRGNSA special management 352 
area.  (See WAC 222-38-020 and 222-38-030.) 353 


*(p) Aerial application of chemicals (except insecticides), outside of the CRGNSA special 354 
management area when applied to not more than forty contiguous acres if the 355 
application is part of a combined or cooperative project with another landowner and 356 
where the application does not take place within one hundred feet of lands used for 357 
farming, or within two hundred feet of a residence, unless such farmland or residence 358 
is owned by the forest landowner.  Provisions of chapter 222-38 WAC shall apply. 359 


(q)  Forestry research studies and evaluation tests by an established research organization. 360 
*(r)  Any of the following if none of the operation or limits of construction takes place 361 


within the shoreline area of a Type S Water or the riparian management zone of a 362 
Type F Water, the bankfull width of a Type Np Water or flowing Type Ns Water, or 363 
within the CRGNSA special management area and the operation does not involve 364 
off-road use of tractor or wheeled skidding systems on a sideslope of greater than 365 
forty percent: 366 
(i) Any forest practices within the boundaries of existing golf courses. 367 
(ii) Any forest practices within the boundaries of existing cemeteries which are 368 


approved by the cemetery board. 369 
(iii) Any forest practices involving a single landowner where contiguous 370 


ownership is less than two acres in size. 371 
(s)  Removal of beaver structures from culverts on forest roads.  A hydraulics project 372 


approval from the Washington department of fish and wildlife may be required. 373 
(4)  “Class II.”  Certain forest practices have been determined to have a less than ordinary 374 
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potential to damage a public resource and may be conducted as Class II forest practices:  375 
Provided, That no forest practice enumerated below may be conducted as a Class II forest 376 
practice if the operation requires a hydraulic project approval (RCW 77.55.100021) or is 377 
within a “shorelines of the state,” or involves owner of perpetual timber rights subject to 378 
RCW 76.09.067 (other than renewals).  Such forest practices require an application.  No 379 
forest practice enumerated below may be conducted as a “Class II” forest practice if it takes 380 
place on lands platted after January 1, 1960, as provided in chapter 58.17 RCW, or on lands 381 
that have been or are being converted to another use.  Unless the conditions described in (f) 382 
or (g) of this subsection are met, No no forest practice enumerated below involving timber 383 
harvest or road construction may be conducted as a "Class II" if it takes place within urban 384 
growth areas designated pursuant to chapter 37.70A RCW. Such forest practices require a 385 
Class IV application.  Class II forest practices are the following: 386 
(a)  Renewal of a prior Class II notification where no change in the nature and extent of 387 


the forest practices is required under rules effective at the time of renewal. 388 
(b) Renewal of a previously approved Class III or IV forest practices application where: 389 


(i)  No modification of the uncompleted operation is proposed; 390 
(ii)  No notices to comply, stop work orders or other enforcement actions are 391 


outstanding with respect to the prior application;  392 
(iii) No change in the nature and extent of the forest practice is required under 393 


rules effective at the time of renewal; and 394 
(iv) The application is not a multiyear permit that is located within an area subject 395 


to reanalysis of a watershed analysis under WAC 222-22-090(6). 396 
*(c) Any of the following if none of the operation or limits of construction takes place 397 


within the riparian management zone of a Type F Water, within the bankfull width of 398 
a Type Np Water, within a wetland management zone, within a wetland, or within the 399 
CRGNSA special management area: 400 
(i)  Construction of advance fire trails. 401 
(ii)  Opening a new pit of, or extending an existing pit by, less than one acre. 402 


*(d) Salvage of logging residue, if none of the operation or limits of construction takes 403 
place within the riparian management zone of a Type F Water, within the bankfull 404 
width of a Type Np Water, within a wetland management zone or within a wetland; 405 
and if none of the operations involve off-road use of tractor or wheeled skidding 406 
systems on a sideslope of greater than forty percent. 407 


*(e)  Any of the following if none of the operation or limits of construction takes place 408 
within the riparian management zone of a Type F Water, within the bankfull width of 409 
a Type Np Water, within a wetland management zone, within a wetland, or within the 410 
CRGNSA special management area, and if none of the operations involve off-road 411 
use of tractor or wheeled skidding systems on a sideslope of greater than forty  412 
percent, and if none of the operations are located on lands with a likelihood of future 413 
conversion (see WAC 222-16-060): 414 
(i)  West of the Cascade summit, partial cutting of forty percent or less of the live 415 


timber volume. 416 
(ii)  East of the Cascade summit, partial cutting of five thousand board feet per 417 


acre or less. 418 
(iii)  Salvage of dead, down, or dying timber if less than forty percent of the total 419 


timber volume is removed in any twelve-month period. 420 
(iv)  Any harvest on less than forty acres. 421 
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(v)  Construction of six hundred or more feet of road, provided that the 422 
department shall be notified at least two business days before commencement 423 
of the construction. 424 


  *(f) Within urban growth areas designated pursuant to chapter 36.70A RCW, forest 425 
practices listed in (a) through (e) of this subsection may be Class II if the landowner 426 
provides the following: 427 
(i) A written statement of intent signed by the forest landowner not to convert to a 428 


use other than commercial timber operations for ten years. This statement must 429 
be accompanied by either a written forest management plan acceptable to the 430 
department, or documentation that the land is enrolled under the provisions of 431 
chapter 84.33 or 84.34 RCW; or   432 


(ii) A conversion option harvest plan approved by the local governmental entity and 433 
submitted to the department as part of the application. 434 


*(g) Within urban growth areas designated pursuant to chapter 36.70A RCW, and where 435 
the regulatory authority for forest practices has been transferred to the local 436 
governmental entity pursuant to RCW 76.09.240(1), forest practices listed in (a) 437 
through (e) of this subsection may nonetheless be Class II and regulated by the 438 
department, if: 439 


 (i) The proposed forest practice is on a landowner’s ownership of contiguous forest  440 
  land equal to or greater than twenty acres; and  441 
 (ii) The landowner provides: 442 


(A) A written statement of intent signed by the forest landowner not to convert 443 
to a use other than commercial timber operations for ten years. This 444 
statement must be accompanied by either a written forest management plan 445 
acceptable to the department, or documentation that the land is enrolled 446 
under the provisions of chapter 84.33 or 84.34 RCW; or 447 


(B) A conversion option harvest plan approved by the local governmental entity 448 
and submitted to the department as part of the application.  449 


(5)  “Class III.”  Forest practices not listed under Classes IV, I or II above are “Class III” forest 450 
practices.  Among Class III forest practices are the following: 451 
(a)  Those requiring hydraulic project approval (RCW 77.55.100021). 452 


*(b)  Those within the shorelines of the state other than those in a Class I forest practice. 453 
*(c)  Aerial application of insecticides, except where classified as a Class IV forest 454 


practice. 455 
*(d)  Aerial application of chemicals (except insecticides), except where classified as Class 456 


I or IV forest practices. 457 
*(e)  Harvest or salvage of timber except where classed as Class I, II or IV forest practices. 458 
*(f)  All road construction except as listed in Classes I, II and IV forest practices. 459 


(g)  Opening of new pits or extensions of existing pits over one acre. 460 
*(h)  Road maintenance involving: 461 


(i)  Replacement of bridges or culverts across Type S, F or flowing Type Np 462 
Waters; or 463 


(ii) Movement of material that has a direct potential for entering Type S, F or 464 
flowing Type Np Waters or Type A or B Wetlands. 465 


(i) Operations involving owner of perpetual timber rights subject to RCW 76.09.067. 466 
(j) Site preparation or slash abatement not listed in Classes I or IV forest practices. 467 







11 


(k) Harvesting, road construction, site preparation or aerial application of pesticides on 468 
lands which contain cultural, historic or archaeological resources which, at the time 469 
the application or notification is filed, have been identified to the department as being 470 
of interest to an affected Indian tribe. 471 


(l) Harvesting exceeding nineteen acres in a designated difficult regeneration area. 472 
(m) Utilization of an alternate plan.  See WAC 222-12-040. 473 


*(n) Any filling of wetlands, except where classified as Class IV forest practices. 474 
*(o) Multiyear permits. 475 
*(p) Small forest landowner long-term applications that are not classified Class IV-special 476 


or Class IV-general, or renewals of previously approved Class III or IV long-term 477 
applications. 478 


*(q) Within urban growth areas designated pursuant to chapter 36.70A RCW, forest 479 
practices listed in (a) through (p) of this subsection may be Class III if the landowner 480 
provides one of the following: 481 
(i) A written statement of intent signed by the forest landowner not to convert to 482 


a use other than commercial timber operations for ten years. This statement 483 
must be accompanied by either a written forest management plan acceptable 484 
to the department, or documentation that the land is enrolled under the 485 
provisions of chapter 84.33 or 84.34 RCW; or 486 


(ii) A conversion option harvest plan approved by the local governmental entity 487 
and submitted to the department as part of the application. 488 


*(r) Within urban growth areas designated pursuant to chapter 36.70A RCW, and where 489 
the regulatory authority for forest practices has been transferred to the local 490 
governmental entity pursuant to RCW 76.09.240(1), forest practices listed in (a) 491 
through (p) of this subsection may nonetheless be Class III and regulated by the 492 
department, if: 493 
(i) The proposed forest practice is on a landowner’s ownership of contiguous 494 


forest land equal to or greater than twenty acres; and  495 
(ii) The landowner provides: 496 


(A) A written statement of intent signed by the forest landowner not to 497 
convert to a use other than commercial timber operations for ten 498 
years. This statement must be accompanied by either a written forest 499 
management plan acceptable to the department, or documentation that 500 
the land is enrolled under the provisions of chapter 84.33 or 84.34 501 
RCW; or   502 


(B) A conversion option harvest plan approved by the local governmental 503 
entity and submitted to the department as part of the application. 504 


 505 
CHAPTER 222-20 WAC 506 


 507 
WAC 222-20-010  Applications and notifications - Policy.  508 
(1)  No Class II, III or IV forest practices shall be commenced or continued unless the 509 


department has received a notification for Class II forest practices, or approved an 510 
application for Class III or IV forest practices pursuant to the act.  Where the time limit for 511 
the department to act on the application has expired, and none of the conditions in WAC 512 
222-20-020 (1) exist, the operation may commence.  (NOTE:  OTHER LAWS AND RULES 513 
AND/OR PERMIT REQUIREMENTS MAY APPLY.  SEE CHAPTER 222-50 WAC.) 514 
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(2)  The department shall prescribe the form and contents of the notification and application 515 
and the information required for the department to approve or disapprove the application. 516 


(3)  Except as provided in subpart subsection (4) belowof this section, applications and 517 
notifications shall be signed by the landowner, the timber owner and the operator, or the 518 
operator and accompanied by a consent form signed by the timber owner and the landowner.  519 
A consent form may be another document if it is signed by the landowner(s) and it contains a 520 
statement acknowledging that he/she is familiar with the Forest Practices Act, including the 521 
provisions dealing with conversion to another use (RCW 76.09.060(3)). 522 


(4) In lieu of a landowner’s signature, where the timber rights have been transferred by deed to a 523 
perpetual owner who is different from the forest landowner, the owner of perpetual timber 524 
rights may sign a forest practices application or notification for operations not converting to 525 
another use and the statement of intent not to convert for a set period of time.  The holder of 526 
perpetual timber rights shall serve the signed forest practices application or notification and 527 
the signed statement of intent on the forest landowner.  The forest practices application shall 528 
not be considered complete until the holder of perpetual timber rights has submitted 529 
evidence acceptable to the department that such service has occurred. 530 


(5) Where an application for a conversion is not signed by the landowner or accompanied by a 531 
consent form, as outlined in subsection (3) of this section, the department shall not approve 532 
the application.  Applications and notifications for the development or maintenance of utility 533 
rights of way shall not be considered to be conversions. 534 


(6)  Transfer of the approved application or notification to a new landowner, timber owner or 535 
operator requires written notice by the former landowner or timber owner to the department 536 
and should include the original application or notification number.  This written notice shall 537 
be in a form acceptable to the department and shall contain an affirmation signed by the new 538 
landowner, timber owner, or operator, as applicable, that he/she agrees to be bound by all 539 
conditions on the approved application or notification.  In the case of a transfer of an 540 
application previously approved without the landowner’s signature the new timber owner or 541 
operator must submit a bond securing compliance with the requirements of the forest 542 
practices rules as determined necessary by the department.  If an application or notification 543 
indicates that the landowner or timber owner is also the operator, or an operator signed the 544 
application, no notice need be given regarding any change in subcontractors or similar 545 
independent contractors working under the supervision of the operator of record. 546 


(7)  Applications and notifications, if complete, will be considered officially received on the 547 
date and time shown on any registered or certified mail receipt, or the written receipt given 548 
at the time of personal delivery, or at the time of receipt by general mail delivery.  The 549 
department will immediately provide a dated receipt to the applicant. Applications or 550 
notifications that are not complete, or are inaccurate will not be considered officially 551 
received until the applicant furnishes the necessary information to complete the application.   552 
(a) A review statement from the U.S. Forest Service that evaluates compliance of the 553 


forest practices with the Columbia River Gorge National Scenic Area Act 554 
(CRGNSA) special management area guidelines is necessary information for an 555 
application or notification within the CRGNSA special management area. The 556 
review statement requirement shall be waived if the applicant can demonstrate the 557 
U.S. Forest Service received a complete plan application and failed to act within 558 
forty-five days.   559 


(b) An A complete environmental checklist (WAC 197-11-315) is necessary information 560 
for all Class IV applications.   561 
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(c) A local governmental entity clearing and/or grading permit is necessary information 562 
for all Class IV applications on lands that have been or will be converted to a use 563 
other than commercial timber production operations or on lands which have been 564 
platted after January 1, 1960, as provided in chapter 58.17 RCW, if the local 565 
governmental entity has jurisdiction and has an ordinance requiring such permit.   566 


(d)  A checklist road maintenance and abandonment plan is necessary information for all 567 
small forest landowners' applications or notifications for timber harvest (including 568 
salvage), unless exempt under WAC 222-24-0511, or unless the application is a 569 
small forest landowner long-term application which requires a roads assessment.  570 


(8)  An operator’s name, if known, must be included on any forest practices application or 571 
notification.  The landowner or timber owner must provide notice of hiring or change of 572 
operator to the department within forty-eight hours.  The department shall promptly notify 573 
the landowner if the operator is subject to a notice of intent to disapprove under WAC 222-574 
46-070.  Once notified, the landowner will not permit the operator, who is subject to a notice 575 
of intent to disapprove, to conduct the forest practices specified in the application or 576 
notification, or any other forest practices until such notice of intent to disapprove is removed 577 
by the department. 578 


(9)  Financial assurances may be required by the department prior to the approval of any future 579 
forest practices application or notification to an operator or landowner under the provisions 580 
of WAC 222-46-090. 581 


WAC 222-20-015  Multiyear permits.   582 
Landowners may apply for multiyear permits to conduct forest practices for four or five years in the 583 
following situations: 584 
(1) Where a watershed analysis has been approved for a WAU under WAC 222-22-080,  a  585 


landowner(s) may apply for a multiyear permit.  The information provided and level of detail 586 
for the application must be comparable to that required for a twothree-year permit.  At a 587 
minimum, the applications for these permits must include: 588 
(a)  A description of the forest practices to be conducted during the period requested for 589 


the permit, and a map(s) showing their locations; and 590 
(b)  Prescriptions must be identified where operations are proposed within or include 591 


areas of resource sensitivity. 592 
(2) A Where a landowner with an approved road maintenance and abandonment plan (other than 593 


a checklist road maintenance and abandonment plan) has been approved under WAC 222-594 
24-051, a landowner may apply for a multiyear permit to perform road maintenance, road 595 
abandonment, and/or associated right of way timber harvest, if the schedule for 596 
implementing the plan is longer than two three years.   597 


(3)  A Where an alternate plan has been approved under WAC 222-12-0401, a landowner may 598 
apply for a multiyear permit to perform an approvedthe activities in the alternate plan. 599 


 600 
WAC 222-20-016  Small forest landowner long-term applications.  601 
(1)  Application.  A small forest landowner may submit a forest practices application that 602 


includes planned forest practices activities on all or part of a landowner's ownership within 603 
one of the department's geographic region boundaries.  The application can be for terms of 604 
three four to fifteen years at the discretion of the landowner.  The landowner will submit the 605 
application to the department in two steps. 606 


(2) Review of proposed application. 607 
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 (a)  Step 1:  Resource and roads assessment review.  The landowner will submit the 608 
resource and roads assessment portion of the application.  As part of the review, the 609 
department will determine any additional known resources or threats to public safety 610 
and initiate one or more site reviews in consultation with the department of ecology, 611 
the department of fish and wildlife, and the affected Indian tribes.  The department 612 
will notify the landowner and the landowner's representative to attend the site 613 
review(s).  Within forty-five days of receiving the complete assessment, the 614 
department will notify the landowner in writing of its validation or rejection of the 615 
assessment.  If rejected, the department will provide a written statement to the 616 
landowner explaining why the assessment was rejected. 617 


 (b) Step 2:  Resource protection strategies review.  The department will accept for 618 
review the resource protection strategies portion of the long-term application after the 619 
department validates Step 1.  The required elements of Step 2 will include a 620 
description of proposed forest practices activities and strategies for protection of all 621 
resources identified in Step 1.  The department will approve, condition, or disapprove 622 
Step 2 within forty-five days of receiving the complete Step 2 portion, except if a 623 
detailed environmental statement is necessary, additional time for approval or 624 
disapproval as specified in RCW 76.09.050 will be required.  If disapproved, the 625 
department will provide a written statement to the landowner explaining why the 626 
proposed strategies were disapproved. 627 


(3) Activity notice.  At least five business days before a landowner starts an approved forest 628 
practices activity the landowner will submit to the department an activity notice in a format 629 
acceptable to the department. 630 


(4) Amendments to long-term applications. 631 
 (a) The department may authorize nonsubstantial amendments as authorized in WAC 632 


222-20-060. 633 
 (b)  If the board considers new or amended rules to achieve resource protection objectives, 634 


the department and the board will do the following regarding existing approved long-635 
term applications: 636 


 (i)  The department, in consultation with the departments of ecology, fish and 637 
wildlife, and affected Indian tribes will review, and if necessary analyze the 638 
effects of approved long-term applications on the public resources the proposed 639 
rules are intended to protect. 640 


 (ii)  The department will report the results of its review and/or analysis to the board 641 
prior to rule adoption. 642 


 (iii)  Upon rule adoption, the board may direct the department to condition existing 643 
approved long-term applications to protect resources. 644 


 (iv) The department will notify impacted landowners in writing of the board's 645 
decision. 646 


WAC 222-20-020  Application time limits.   647 
(1) When the department officially receives an application, the department will approve, 648 


condition or disapprove it within thirty calendar days for Class III and Class IV forest 649 
practices, except: 650 
(a) To the extent the department is prohibited from approving the application by the act. 651 
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(b) For “Class IV” applications when the department or the lead agency has determined 652 
that a detailed environmental statement must be made, the application must be 653 
approved, conditioned or disapproved within sixty days, unless the commissioner of 654 
public lands promulgates a formal order specifying a later date for completion of the 655 
detailed environmental statement and final action on the application.  At least ten 656 
days before promulgation of such an order extending the time, the applicant shall be 657 
given written notice that the department is requesting such extension; giving the 658 
reasons the process cannot be completed within such period; and stating that the 659 
applicant may comment in writing to the commissioner of public lands or obtain an 660 
informal conference with the department regarding the proposed extension. 661 


(c) When they involve lands described in (c) (i), (ii), through or (iv)(iii) of this 662 
subsection, the applicable time limit shall be no less than fourteen business days from 663 
transmittal to the local governmental entity unless the local governmental entity has 664 
waived its right to object or has consented to approval of the application: 665 
(i) Lands platted after January 1, 1960, as provided in chapter 58.17 RCW; 666 
(ii) Lands that have been or are being converted to another use; 667 
(iiiii) Lands which that are will not to be reforested because of likelihood of future 668 


conversion to urban development (see WAC 222-16-060 and 222-2420-050); 669 
or 670 


(iviii) Forest practices involving timber harvesting or road construction on lands that 671 
are contained within urban growth areas, designated pursuant to chapter 672 
36.70A RCW. 673 


(d)  Applications for multiyear permits will be approved, conditioned, or disapproved 674 
within forty-five days of the department receiving a complete application, except if a 675 
detailed environmental statement is necessary, additional time for approval or 676 
disapproval as specified in RCW 76.09.050 will be required. 677 


(e)  Small forest landowner long-term applications will be reviewed in two steps as 678 
described in WAC 222-20-016.  The department will review Step 1 and issue a 679 
decision within forty-five days of receiving a complete resource and roads 680 
assessment.  The department will review and approve, condition, or disapprove Step 681 
2 within forty-five days of receiving a complete resource protection strategies portion 682 
of the long-term application, except if a detailed environmental statement is 683 
necessary, additional time for approval or disapproval as specified in RCW 684 
76.09.050 will be required. 685 


(2) Unless the local governmental entity has waived its rights under the act or consents to 686 
approval, the department shall not approve an application involving lands platted after 687 
January 1, 1960, as provided in chapter 58.17 RCW, or lands that have been or are being  688 
converted to another use until at least fourteen business days from the date of transmittal to 689 
the local governmental entity. 690 


(3) Where a notification is submitted for operations which the department determines involve 691 
Class III or IV forest practices, the department shall issue a stop work order or take other 692 
appropriate action.  If the operations were otherwise in compliance with the act and forest 693 
practices rules, no penalty should be imposed for those operations which occurred prior to 694 
the enforcement action:  Provided, That no damage to a public resource resulted from such 695 
operations, and the operations commenced more than five days from receipt by the 696 
department of the notification. 697 
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(43) If the department fails to approve or disapprove an application or any portion thereof 698 
within the applicable time limit, the application shall be deemed approved and the operation 699 
may commence except that this provision shall not apply where: 700 
(a) The local governmental entity objects and the application involves lands platted after 701 


January 1, 1960, as provided in chapter 58.17 RCW, or lands that have been or are 702 
being converted to a use other than commercial timber operations where the county’s 703 
local governmental entity’s right of objection is fourteen business days which may be 704 
longer than the approval time limit. 705 


(b) The department is prohibited from approving the application by the act. 706 
(c) Compliance with the State Environmental Policy Act requires additional time. 707 


(54) If seasonal field conditions prevent the department from being able to properly evaluate the 708 
application, the department may disapprove the application until field conditions allow for 709 
an on-site review.  710 


WAC 222-20-040  Approval conditions.   711 
(1) Whenever an approved application authorizes a forest practice which, because of soil 712 


condition, proximity to a water course or other unusual factor, has a potential for causing 713 
material damage to a public resource, as determined by the department, the applicant shall, 714 
when requested on the approved application, notify the department two business days before 715 
the commencement of actual operations. 716 


(2)  All approvals are subject to any conditions stipulated on the approved application and to 717 
any subsequent additional requirements set forth in a stop work order or a notice to comply. 718 


(3)  Local governmental entity conditions - Class IV-general applications. 719 
(a)  RCW 76.09.240(46) allows a local governmental entity to exercise limited land use 720 


planning or zoning authority on certain types of forest practices.  This subsection is 721 
designed to ensure that local governmental entities exercise this authority consistent 722 
with chapter 76.09 RCW and the rules in Title 222 WAC.  The system provided for 723 
in this subsection is optional. 724 


(b)  This subsection only applies to Class IV general applications on lands that have been 725 
or are being converted to a use other than commercial timber production operationsor 726 
to Class IV general applications on lands which have been platted after January 1, 727 
1960, as provided in chapter 58.17 RCW. 728 


(c)  The After determining that an application is Class IV-general, the department shall 729 
transmit the applications to the appropriate local governmental entity within two 730 
business days from the date the department officially receives the application. 731 


(d)  The department shall condition the application consistent with the request of the local 732 
governmental entity if: 733 
(i) The local governmental entity has adopted a clearing and/or grading 734 


ordinance that addresses the items listed in (e) of this subsection and requires 735 
a permit; 736 


(ii) The local governmental entity has issued a permit under the ordinance in (i) 737 
that contains the requested conditions; and 738 


(iii) The local governmental entity has entered into an interagency agreement with 739 
the department consistent with WAC 222-50-030 addressing enforcement of 740 
forest practices. 741 


(e) The local governmental entity conditions may only cover: 742 
(i)  The location and character of open space and/or vegetative buffers; 743 
(ii)  The location and design of roads; 744 
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(iii)  The retention of trees for bank stabilization, erosion prevention, and/or storm 745 
water management; or 746 


(iv)  The protection of critical areas designated pursuant to chapter 36.70A RCW. 747 
(f)  Local The local governmental entity conditions shall be filed file its conditions  with 748 


the department within twenty-nine days of the department’s official receipt of the 749 
application or within fourteen business days of the transmittal of the application to 750 
the local governmental entity or one day before the department acts on the 751 
application, whichever is later. 752 


(g) The department shall incorporate local governmental entity conditions consistent 753 
with this subsection as conditions of the forest practices approval. 754 


(h) Any exercise of local governmental entity authority consistent with this subsection 755 
shall be considered consistent with the forest practices rules in this chapter. 756 


(4) Lead agency mitigation measures. 757 
(a) This subsection is designed to specify procedures for a mitigated DNS process that 758 


are consistent with chapters 76.09 and 43.21C RCW and the rules in Title 222 WAC 759 
and chapter 197-11 WAC. 760 


(b)  This subsection applies to all Class IV applications in which the department is not the 761 
lead agency under the State Environmental Policy Act.  (See WAC 197-11-758.) 762 


(c)  The department shall transmit the application to the lead agency within two business 763 
days from the date the department officially receives the application. 764 


(d)  The lead agency may specify mitigation measures pursuant to WAC 197-11-350. 765 
(e)  The lead agency threshold determination and any mitigation measures must be filed 766 


with the department within the later of twenty-nine days of the official receipt of the 767 
application by the department, fourteen business days of the transmittal of the 768 
application to the lead agency if the lead agency is a local governmental entity; or one 769 
day before the department acts on the application. 770 


(f)  Unless the applicant clarifies or changes the application to include mitigation 771 
measures specified by the lead agency, the department must disapprove the  772 
application or require an environmental impact statement. (See WAC 197-11-738.) 773 
DNR will review the forest practices applications and the mitigation measures to 774 
ensure that they are consistent. If the application and the lead agency’s mitigation 775 
measures are not consistent, such that the application proposes forest practices that 776 
go beyond the required mitigation, the department will disapprove the application or 777 
incorporatate the applicable lead agency conditions with the department’s approval. 778 


(g) If the department does not receive a threshold determination from the lead agency by 779 
the time it must act on the application, the department shall disapprove the 780 
application. 781 


(5)  Small forest landowner approval conditions. The department shall not disapprove a small 782 
forest landowner's application or notification on the basis that fish passage barriers have not 783 
been removed or replaced if the landowner has committed to participate in the department's 784 
family forest fish passage program for: 785 
(a) Any barriers on their forest roads located within the boundaries of their application 786 


or notification; and 787 
(b) Any barriers on their forest roads needed for their proposed forest practice, but 788 


located outside the boundaries of the application or notification. 789 
(6) CRGNSA special management area. 790 
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(a)  Policy. The states of Oregon and Washington have entered into a Compact 791 
preauthorized by Congress to implement the CRGNSA Act, 16 U.S.C. §§ 544, et seq. 792 
chapter 43.97 RCW, 16 U.S.C. § 544c.  The purposes of the CRGNSA Act are: 793 
(i) To establish a national scenic area to protect and provide for the enhancement 794 


of the scenic, cultural, recreational, and natural resources of the Columbia 795 
River Gorge; and 796 


(ii) To protect and support the economy of the Columbia River Gorge area by 797 
encouraging growth to occur in existing urban areas and by allowing future 798 
economic development in a manner that is consistent with paragraph (1).  16 799 
U.S.C. § 544a. 800 


 The forest practices rules addressing forest practices in the CRGNSA special 801 
management area recognize the intent of Congress and the states expressed in 802 
the CRGNSA Act and Compact and the intent of the Washington state 803 
legislature in the Forest Practices Act.  These rules are designed to recognize 804 
the public interest in sound natural resource protection provided by the Act 805 
and the Compact, including the protection to public resources, recreation, and 806 
scenic beauty.  These rules are designed to achieve a comprehensive system 807 
of laws and rules for forest practices in the CRGNSA special management 808 
area which avoids unnecessary duplication, provides for interagency input 809 
and intergovernmental and tribal coordination and cooperation, considers 810 
reasonable land use planning goals contained in the CRGNSA management 811 
plan, and fosters cooperation among public resources managers, forest 812 
landowners, tribes and the citizens. 813 


(b) The CRGNSA special management area guidelines shall apply to all forest practices 814 
within the CRGNSA special management area.  Other forest practices rules also 815 
apply to these forest practices.  To the extent these other rules are inconsistent with 816 
the guidelines, the more restrictive requirement controls.  To the extent there is an 817 
incompatibility between the guidelines and another rule, the guidelines control.  818 
Copies of the guidelines can be obtained from the department’s Southeast and Pacific 819 
Cascade regional offices and Olympia office, as well as from the Columbia River 820 
Gorge commission and the U.S. Forest Service. 821 


(c)  The department shall review and consider the U.S. Forest Service review statement 822 
and shall consult with the U.S. Forest Service and the Columbia River Gorge 823 
commission Commission prior to making any determination on conditioning an 824 
application or notification within the CRGNSA special management area. 825 


WAC 222-20-050  Conversion of forest land to nonforest use.   826 
(1) If an application to harvest signed by the landowner indicates that within three years after 827 


completion, the forest land will be converted to a specified active use which that is 828 
incompatible with a use other than commercial timber growing operations, the reforestation 829 
requirements of these ruleschapter 222-34 WAC shall not apply, and the information relating 830 
to reforestation on the application form need not be supplied.  However, if such the  831 
specified active use is not initiated within three years after such the harvest is completed, the 832 
reforestation requirements (see chapter 222-34 WAC) shall apply and such reforestation 833 
shall be completed within 1 one additional year. 834 
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(2) For Class II, III, and IV special forest practices, if a landowner wishes to maintain the option 835 
for conversion to a use other than commercial timber growing, the landowner may request 836 
the appropriate local governmental entity to approve a conversion option harvest plan.  This 837 
plan, if approved by the local governmental entity and followed by the landowner, shall 838 
release the landowner from the six-year moratorium on future development, but does not 839 
create any other rights.  The conversion option harvest plan shall be attached to the 840 
application or notification as a condition.  Violation of the conversion option harvest plan 841 
will result in the reinstatement of the local governmental entity’s right to the six-year 842 
moratorium.  Reforestation requirements will not be waived in the conversion option harvest 843 
plan.  Reforestation rules shall apply at the completion of the harvest operation as required in 844 
chapter 222-34 WAC.  Nothing herein shall preclude the local governmental entity from 845 
charging a fee to approve such a plan.  (See RCW 76.09.060 (3)(b)(i).) If a landowner who 846 
did not state an intent to convert decides to convert to a nonforestry use within six years of 847 
receiving an approved forest practices application or notification, the landowner must: 848 
(a)  Stop all forest practices activities on the parcels subject to conversion; 849 
(b)   Contact the department of ecology and the applicable local governmental entity to 850 


begin the permitting process; and 851 
(c)   Notify the department and withdraw any related applications or notifications, or 852 


request a new application for conversion. 853 
Upon request from the local governmental entity, the department will provide the status of 854 
the landowner’s related applications and notifications, and any final orders or decisions. 855 


(3) If the application or notification does not state that any land covered by the application or 856 
notification will be or is intended to be converted to a specified active use incompatible with 857 
commercial timber growing, or if the forest practice takes place without a required 858 
application or notification, then the provisions of RCW 76.09.060 (3)(b)(i) regarding the six-859 
year moratorium apply. 860 


(4)  A notice of a conversion to a nonforestry use issued by the department under the provisions 861 
of RCW 76.09.060 (3)(b) may be appealed to the appeals board in accordance with RCW 862 
43.21B.110 and 43.21B.230. 863 


 864 
NEW SECTION 865 
WAC 222-20-051 Conversion option harvest plans. 866 
(1) For Class II, III, and IV-special forest practices, if a landowner wishes to maintain the option 867 


to convert forest land to a use other than commercial timber operations, the landowner may 868 
request the appropriate local governmental entity to approve a conversion option harvest 869 
plan. 870 


(2) If a local governmental entity approves a plan, the landowner must attach it to the forest 871 
practices application or notification. 872 


(3) The plan will be a condition of the approved application or notification.  873 
(4) Violation of the plan will result in the development prohibitions or the conditions described 874 


in RCW 76.09.460. 875 
(5) Reforestation requirements will not be waived regardless of the existence of a conversion 876 


option harvest plan. 877 
878 
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NEW SECTION 879 
WAC 222-20-052 Notice of conversion to nonforestry use. 880 
(1) Under the provisions of RCW 76.09.060(3)(b), if harvest takes place without an approved 881 


application or notification, or the landowner did not state that any land covered by the 882 
application or notification is intended to be converted to a use other than commercial timber 883 
operations, then the department and the appropriate local governmental entity will follow the 884 
process described in (2) and (3) of this section. 885 


(2) When the department or local governmental entity becomes aware of conversion activities 886 
the department will send to the department of ecology and the appropriate local 887 
governmental entitities the following documents: 888 
(a) A notice of conversion to nonforestry use; 889 
(b) A copy of the applicable forest practices application or notification, if any; and 890 
(c) Copies of any applicable outstanding final orders or decisions issued by the 891 


department related to the forest practices application or notification. 892 
(3) When a local governmental entity receives a notice of conversion to a nonforestry use from 893 


the department, it will follow the requirements of RCW 76.09.460.  894 
(4)  A notice of a conversion to a nonforestry use issued by the department under the provisions 895 


of RCW 76.09.060(3)(b) and this section may be appealed to the appeals board in 896 
accordance with RCW 43.21B.110 and 43.21B.230. 897 


 898 
WAC 222-20-080  Application and notification expiration.   899 
(1) The approval given by the department to an application to conduct a forest practice shall be 900 


effective for a term of two three years from the date of approval, with the following 901 
exceptions: 902 


 (a) Multiyear permits are effective for three tofour or five years. 903 
 (b) Small forest landowner long-term applications are effective for terms of three four to 904 


fifteen years. 905 
(2) A notification is effective for a term of two three years beginning five days from the date it is 906 


officially received. 907 
(3) An application or notification may be renewed for one additional three-year term by 908 


submitting a renewal in a form acceptable to the department. 909 
 910 





		Conversions & FPA Rule Making Cover-Robinson

		Conversions & FPAs Rule Proposal-Attachment-Robinson

		Forest Practices Board

		WAC 222-20-010  Applications and notifications - Policy.

		WAC 222-20-015  Multiyear permits.

		Landowners may apply for multiyear permits to conduct forest practices for four or five years in the following situations:

		WAC 222-20-020  Application time limits.

		WAC 222-20-040  Approval conditions.

		WAC 222-20-050  Conversion of forest land to nonforest use.
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MEMORANDUM 


To:   Forest Practices Board  


From:  Timber/Fish/Wildlife Cultural Resources Roundtable Co-Chairs 


  Jeffrey Thomas, Puyallup Tribe of Indians 


  Pete Heide, Washington Forest Protection Association 


 


 


SUBJECT: FY 2012 Annual Report of Timber/Fish/Wildlife Cultural Resources Roundtable 


 


The Timber/Fish/Wildlife Cultural Resources Roundtable (Roundtable) is pleased to submit the FY2012 
annual report to the Forest Practices Board. 


We look forward to your August 14, 2012 meeting and answering any questions you may have. In the 
meantime, please do not hesitate to contact us: 


   jeffrey.thomas@puyalluptribe.com and (253) 405-7478/cell 


 pheide@wfpa.org and (360) 352-1500 


 


 


Enc. – Annual Report to the Forest Practices Board from the T/F/W Cultural Resources Roundtable (August 14, 
2012) 



mailto:jeffrey.thomas@puyalluptribe.com

mailto:pheide@wfpa.org
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FY2012 Annual Report to the Forest Practices Board 


From the 


Timber/Fish/Wildlife Cultural Resources Roundtable 


August 14, 2012 


 


The Timber/Fish/Wildlife (T/F/W) Cultural Resources Roundtable is pleased to submit the FY2012 
Annual Report to the Forest Practices Board pursuant to WAC-222-08-160. 


T/F/W Cultural Resources Roundtable Members 


Co-chairs:           
 Jeffrey Thomas, Puyallup Tribe of Indians      
 Peter Heide, Washington Forest Protection Association 


 Active Members:           
 Sherri Felix, Department of Natural Resources (DNR) Forest Practices Division   
 Lee Stilson, DNR State Lands Archaeologist       
 Stephenie Kramer, DAHP         
 Gretchen Kaehler, DAHP         
 David Powell, Yakama Nation         
 Justine James, Quinault Nation         
 dAVe Burlingame, Cowlitz Tribe        
 Robert Bass, Hancock Forest Management       
 Jesse Narog, Hancock Forest Management  


 


FY2012 Work Activities  


The main topics worked upon by the T/F/W Cultural Resources Roundtable during FY2012 were the 
WAC 222-20-120 (Notice of forest practices to affected Indian tribes) rule language proposals, the 
Cultural Resources Protection and Management Plan (CRPMP) cultural resource types guidance video 
project, and the CRPMP use and effectiveness survey project.  


The WAC 222-20-120 rule language proposals are important for clarifying expectations and procedures 
that apply while fulfilling the requirements of the WAC, the CRPMP cultural resource types guidance 
video is important for helping landowners and managers understand site types they may find in their FPA, 
and the CRPMP use and effectiveness survey is important because WAC 222-08-160(1) asks for an 
assessment of how the rules and voluntary processes are working - explicitly citing the CRPMP - and it 
helps the Roundtable judge progress toward fulfilling the purposes of the CRPMP. 


 







T/F/W Cultural Resources Roundtable – 2012 Annual Report to the Forest Practices Board (08-14-12) 
 


2 
 


WAC 222-20-120 (Notice of forest practices to affected Indian tribes) Rule Language 
Proposals – The work to finalize a WAC 222-20-120 rule revision recommendation that was undertaken 
during FY2011 was successfully completed during FY 2012 via the formal public review and rule 
adoption procedures of the Board. Comments solicited via the pre-CR102 30-day rule revision review 
process were assessed resulting in an additional recommendation to the Board to also revise the title of 
the section. Proposed adjustments to the original recommendations were explored but not selected by the 
Roundtable for advancement to the Board. The Roundtable did acknowledge comments submitted to the 
Board underscoring that it is vital to ensure that each affected Tribe is adequately notified about this 
particular rulemaking review and comment process, and certain tribes maintained their concerns about the 
sufficiency of the CR102 tribal notification-consultation process. Some Roundtable members also 
contributed input for their caucuses during the CR102 public comments process. The WAC 222-20-120 
rule revision language (with an additional section title revision) that was originally recommended by the 
Roundtable to the Board was adopted by the Board during their February 9, 2012 regular quarterly 
meeting.  


 


CRPMP Cultural Resource Types Video Project – The first step in protecting significant cultural 
resources is identifying those resources. To help field personnel identify cultural resources, DNR 
Archaeologist and Roundtable member Lee Stilson developed a power point presentation of the most 
typical archaeological sites found on the forested lands of the state. Justine James, Quinault tribal member 
and also a Roundtable member, invited him to present the talk at a meeting of Quinault Natural Resource 
employees. The talk was given in the Quinault Indian Nation Tribal Council Chambers on 25 April 2012 
and was videotaped and produced as a streaming video by Matt McLaughlin of the University of 
Washington. The filming and production efforts were supported by a donation from the Washington 
Forest and Protection Association (WFPA) that was arranged by Peter Heide, also a member and co-chair 
of the Roundtable. The video is available at: http://www.ruraltech.org/video/2012/wfpa/.     


 


CRPMP Use & Effectiveness Survey Project -  


The Roundtable prepared and implemented a survey to assess how well the techniques of the CRPMP are 
working. The CRPMP was developed almost ten years ago as a voluntary, cooperative method of both 
supplementing the state forest practices rules and complying with the statewide archeology and historic 
preservation laws that apply to Washington's state and private forest lands.  


Although this is the first time the Roundtable has used this method of assessment for the CRPMP, the 
information gathered was generally positive and presented exciting new ideas for future, more focused 
assessments. 


Who responded? 


• 47 Respondents, 37 completed the survey, 43% were owners, managers, or natural 
resource specialists of a private or industrial scale forest ownership. 


• 13% were state agency program managers and 13% were tribal natural resource staff. 
• Highest response rates were from Southeast and Pacific Cascade regions 41 % and 39 % 


respectively. The lowest response rate was from the Olympic region at 13%. 
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• Approximately half of the respondents (52%) occasionally encountered cultural 
resources in their work and 21% often encountered cultural resources in their work.  
Only 4% never encountered cultural resources in their work. 


• Half of the respondents (approximately 45%) were representing a total acreage of forest 
land greater than 10,000 acres.  The other half (approximately 45%) represented more 
than 100, 000 acres. 


 


Success of collaborations as mandated by the CRPMP 


• 68% of all respondents had participated in a meeting with tribes and landowners and/or 
managers. 


• 88% percent of the time plans were agreed to for protection of cultural resources 
• 64% of non-tribal respondents said that is was not difficult to contact the appropriate 


cultural resources representative for Tribes in their area and 74% said collaborative 
discussions with Tribes were successful 


• 57% of Tribal respondents stated that it was not difficult to contact that appropriate 
industrial scale forest landowner or state forest landowner for cultural resources.  


• Half of Tribal respondents stated that discussions with industrial scale forest landowners 
or state land managers were successful (50%), with approximately 22 % stating they were 
unsuccessful and 27% stating they were very difficult. 


• 27% of tribal respondents stated that of their cultural resources communications with 
small forest landowners were successful, 44%  responded that some but not all of their 
communications were successful 


 


Knowledge of the CRPMP & Cultural resources training 


Cultural resources training, which has a direct bearing on the effectiveness of the CRPMP appears to be 
an issue with 30% of respondents receiving between 5 and 8 hours of training and another 28% receiving 
none.  


 


How well is the CRPMP working? 


• 17 respondents felt that the CRPMP was working very well to protect or properly manage 
cultural resources on state and private lands.  Only 2 respondents felt that it was not 
working at all. 
 


• 18 respondents stated that the CRPMP was working to accomplish and maintain 
communications between Tribes and forest landowners. 


 
In general the overall trend was positive regarding the effectiveness of the CRPMP.  The survey also 
identified a perceived need and desire for cultural resources training.   The Roundtable felt that some of 
the limitations were in the length of the survey (30 questions), the method of distribution, and that the 
questions may not have been defined enough to capture the information and the audience that would have 
provided the most relevant data.  For example, no small forest landowners responded and only 14 tribal 
members or affiliates were represented.  Based on the results of the first survey, plans for future surveys 
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include fewer, more focused questions designed for specific groups such as small forest landowners, 
Tribes, and non-management forestry staff.  Questions are also planned to solicit data on the specific 
educational requirements and interests of each groups so educational opportunities can be appropriately 
tailored to specific needs. 


 


CRPMP Outreach &Education (incl. Forest Practices Board Quarterly and Annual Reports) – 
In addition to our major accomplishments, the Roundtable supported the Department of Archaeology and 
Historic Preservation (DAHP) and the Department of Natural Resources (DNR) by helping to inform 
legislators on the issues posed by legislation introduced in the 2012 session. The Roundtable also 
provided valuable insight on a number of forest practices issues that were highlighted via participating 
Roundtable members. This Roundtable work on legislative initiatives and forest practices issues not only 
helps the agencies to perform their functions, but it broadens the Roundtable participant’s experience and 
understanding of cultural resource issues associated with forestry practices.  


One of the most important purposes of the CRPMP is to ensure that cultural resource protection is 
accomplished through cooperative processes. Education and training are key to imparting the knowledge 
and understanding that is needed to support cooperation in cultural resource protection. To that end, 
Roundtable members volunteered to speak at the November 1, 2012 Cultural Resource Protection for 
Forest Managers training session sponsored by the WFPA and the Western Forestry and Conservation 
Association. The session attracted 80 attendees from private timber companies, agencies and tribes. 


The Roundtable also prepared and provided quarterly reports to the Board (in the form of the Roundtables 
monthly action items list), and prepared and provided the FY2012 annual report as expected. The 
Roundtable co-chairs presented their quarterly report briefings at each quarterly meeting of the Board, as 
needed. 


 


Anticipated Activities for FY 2013 


Looking to next year, the Roundtable expects to continue work on guidance to forest landowners, 
agencies and tribes for implementing regulatory and voluntary protection of cultural resources. We will 
produce a short PowerPoint presentation for DNR sponsored monthly TFW regional meetings and 
encourage Roundtable members to visit the regions with the presentation and to carry the cultural 
resources message to the field.  


We are seeking help to convert our text-based guidance documents to internet friendly media so that we 
can use the distribution and search capability of the web to provide forest managers with the cultural 
resource information they need. To do this we want to expand the Cultural Resources Roundtable 
presence on the Board, DNR and other TFW/FFR web pages. We hope to eventually extend the audience 
for cultural resource information to the younger generation of forestry professionals, forest landowner and 
forest workers by reformatting the message to attract social media users. The long-term goal is to 
establish innate appreciation for tribal culture and all cultural resources throughout the forest industry and 
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family forest owners so that cultural resource protection and management is fully integrated into forest 
management plans and activities.  


Thanks to the good will of each of the active members, and where applicable, their employers, the 
Roundtable is able to make progress. However, funding for staff support remains a critical limitation to 
the rate of progress of Roundtable’s work. 


The Roundtable joins all of the TFW stakeholders in taking pride in these and future TFW/FFR-related 
accomplishments.                


We sincerely thank you for your genuine interest and attention.  





		Cultural Resources Annual Report Cover-Heide&Thomas

		Cultural Resources Annual Report-Attachment






 


TFW/Forests and Fish Policy 
Forest Practices Board 


 
P.O. Box 47012, Olympia, WA  98504-7012 


 
Policy Co-Chairs:  Stephen Bernath, Department of Ecology 
                                     Adrian Miller, Longview Timber LLC  


 
TO:  Forest Practices Board 
 
FROM:  Stephen Bernath, Co-Chair 
  Adrian Miller, Co-Chair 
 
DATE:  August 2, 2012 
 
SUBJECT: Policy Priorities for Calendar Year 2013 
 
The Forests and Fish Policy Committee (Policy) work priorities for calendar year 2013 are outlined 
below. The Type N Water strategy and Water Typing permanent rule projects are ongoing and may be 
completed during this calendar year. 
 
Type-N Water Strategy 
Policy is developing a comprehensive Type N strategy to identify a process to find the upper most point 
of perennial flow in Type N Waters and assure that the CMER Type N effectiveness monitoring projects 
will provide needed information to make policy determinations on rule effectiveness. Policy has convened 
a Type N subcommittee who has reviewed ongoing and planned CMER effectiveness monitoring projects 
to ensure they are on track and will provide information needed to make policy determinations on Type N 
rule effectiveness. The Policy subcommittee is waiting for a report from a Policy technical ad-hoc group. 
The technical report will be based on reviews of Type N field studies, the existing processes being used 
for determining the upper most point of perennial flow in Type N Waters, and the draft forest practices 
board manual to identify the upper most point of perennial flow in Type N Waters. The technical ad-hoc 
group is also reviewing Schedule L-1 functional objectives and performance targets related to Westside 
Type N waters. Once the technical group is completed with their work, the Policy subcommittee will 
develop recommendations for Policy to consider. Completion of this comprehensive strategy will 
accomplish a Clean Water Act Assurances milestone. 
 
Water Typing Permanent Rule 
The Policy Type F subcommittee is assessing the effectiveness of the current processes for determining 
the Type F/N Water break and the interplay between the interim and permanent Type F Water rules. Upon 
completion of the assessment the subcommittee will provide recommendations to Policy for the transition 
from the interim water typing rule to a permanent rule. 
 
  







HPA/FPA Integration 
Policy participation will be required to incorporate the fish protection standards for hydraulic projects into 
the forest practices rules and board manual, as required by Second Engrossed Substitute Senate Bill 6406, 
because they affect aquatic resources. The legislature directed the Forest Practices Board to incorporate 
the current WDFW rules outlining the fish protection standards adopted under chapter 77.55 RCW into 
the forest practices rules and to establish technical guidance to achieve fish protection standards into the 
Forest Practices Board Manual. 
 
Settlement Agreement, Adaptive Management Program Improvements  
The settlement agreement between the State, conservation caucus and Washington Forest Protection 
Association resulted in an agreement related to improving the adaptive management program’s process 
for making decisions and to adoption of a master schedule of CMER projects. To be implemented, some 
provisions of the settlement agreement will need to go through the adaptive management program’s 
proposal process. Not all caucuses were part of the settlement agreement, and some caucuses that were 
not party to the agreement have expressed both concerns with some elements and are encouraged by 
others.  The caucuses that were not party to the agreement are not limited to bring other issues or 
solutions as part of the adaptive management process.  When completed, Policy will present 
recommendations in the form of a petition for rule making or board manual development to the Board if 
appropriate. 
 
Policy Recommendations Based on Results from the Post-Mortem Study 
As Jim Hotvedt, AMPA, discusses in his staff report to the Forest Practices Board in a separate document, 
Policy is currently in formal dispute resolution centered on the next steps for what to do with a “final 
report” submitted to Policy that did not have CMER consensus approval.  It is anticipated that this dispute 
will be resolved by the end of this calendar year (2012). 
 
On-going CMER Reports Reviewed by Policy 
As CMER reports are completed, Policy must decide whether or not to take any kind of action, including 
recommendations on changes to rules or board guidance. This must be done under timelines established in 
WAC. We anticipate that CMER will bring at least three new reports to Policy in 2013. 
 
There is no doubt Policy could easily spend all its resources on just one or two of the priorities above in 
the next year. Any new work assigned to Policy by the Forest Practices Board, or taken on by Policy for 
other reasons, will likely distract Policy from timely efforts on meeting Clean Water Act assurances 
milestones, transitioning into a permanent set of Type F rules, integrating the FPA and HPA, or 
implementing the settlement agreement. 
 
Finally, please be cognizant that Policy and CMER operate by consensus and are primarily staffed by 
members volunteered by their organizations. Also, this is not a full-time resource-based system. Each of 
the Policy and CMER members have other assigned duties from their respective employers/interests and 
many times play multiple roles within the forest practices system, such as board support work and field 
implementation of forest practices. 
 
cc:  Forest Practice Board Liaisons 


FFR Policy 








 
 


  
  


 
 
 
 


 
 


PETER GOLDMARK 
Commissioner of Public Lands 


July 26, 2012 
 
 
MEMORANDUM 
 
TO:  Forest Practices Board 
 
FROM: Rachael Jamison, Energy and Climate Policy Analyst  
 
SUBJECT: Forest Practices Biomass Work Group 
 
 
The Forest Practices Board adopted into rule in 2010 a revision of the definition of “Forest Practice” to 
include the harvest of forest biomass. At the November 2010 Forest Practices Board meeting, 
Commissioner of Public Lands Peter Goldmark made a commitment that DNR would convene 
interested stakeholders into a Biomass Work Group to review the potential impacts to public resources 
from the harvest of biomass from forestlands. 
 
The group has completed a review of potential impacts from biomass harvest based on an overview of 
the Forest Practices Rules, review of current applicable science, and Best Management Practices and 
rules from other states to identify potential areas of follow-up. 
 
DNR will present the work group’s consensus recommendations at your August 14th meeting. Attached 
for your review is the Forest Practices Biomass Work Group final report. If you have any questions 
feel free to call me at 360.902.1104 or Marc Engel at 360.902.1390. 
 
 
RJ/ 
Attachment 
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Forest Practices Biomass Work-Group 
FINAL REPORT TO THE FOREST PRACTICES BOARD 


 
Forest Practices Biomass Work-group Members 
At the November 2010 Forest Practices Board meeting, Commissioner of Public Lands Peter Goldmark made a 
commitment that Department of Natural Resources (DNR) would convene interested stakeholders to engage in a 
dialog about how to ensure biomass harvest from forestland is economically and ecologically sustainable and 
protects public resources. In the same year, the definition of “Forest Practice” was revised by the Forest Practices 
Board, to include the harvest of forest biomass. During the stakeholder discussions around this rule change, concerns 
were expressed regarding the potential need for specific best management practices (BMP’s) and/or further 
modifications to existing Forest Practices Rules related to biomass harvest. 
 
The work-group that was convened was comprised of the following members: 


Bridget Moran, Chair    Department of Natural Resources 
Rachael Jamison, Co-Chair   Department of Natural Resources 
Marc Engel     Department of Natural Resources, Forest Practices 
Craig Partridge    Department of Natural Resources, State Lands 
Stephen Bernath    Department of Ecology 
David Whipple    Department of Fish and Wildlife 
Bill Hermann    Hermann Brothers Logging 
Chris Mendoza    Conservation Caucus 
Kara Whittaker    Conservation Caucus 
Doug Hooks    Washington Forest Protection Association 
Peter Goldman    Conservation Caucus 
Ed Tolan    Nippon Paper, Inc. 
George Cave    Port Townsend Paper 
Marty Acker    NOAA 
Dick Miller    WFFA 
Eveleen Muehlethaler   Port Townsend Paper 
Norm Schaaf    Merrill & Ring 
Darin Cramer Department of Natural Resources, Forest Practices Division 


Manager 
 
A kick-off meeting was held on January 31, 2011 to begin the process to gain a clear understanding of the specific 
concerns about forest biomass harvest under existing forest practices rules; to develop a plan for “next steps” by the 
group; and to determine the efficacy of existing Forest Practices rules in protecting Washington forests and public 
resources during the collection of biomass.  
 
The group developed a team charter, which defined the purpose of the group to: 


“Educate ourselves on the science/policy and available technologies related to biomass harvest, the Forest 
Practices rules that apply to such harvest and biomass harvest BMPs. Discuss and determine if specific 
BMP’s and/or Forest Practices rules and/or rule revisions related to forest biomass harvest are needed in 
Washington. If so, identify a path toward identifying what is needed.” 


 
The group agreed to the following deliverables at the conclusion of the process: 


• Charter 
• Regular status reports to the board 
• Final recommendations to the board 
• Supporting documentation/data. 


 
The aim of the group was to reach consensus in the final recommendations to the Forest Practices Board (FPB). 
DNR will present the group’s final consensus recommendations at the August 2012 Forest Practices Board meeting. 
In cases where consensus could not be reached on specific recommendations, DNR will present those differences to 
the Forest Practices Board. 
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Monthly meetings were conducted from January 2011 through June 2012. Over the course of this time, the group 
met for a total of 87 hours.1 The group developed a work-plan that was intended to ensure all relevant topic areas, 
including available scientific findings, were evaluated in depth, the group had time to visit biomass collection 
operations in the field, and adequate time was provided to synthesize information and develop recommendations.  
 
The topics covered by the group were: 


1. Forest Practices Rules Overview 
2. Best Management Practices/Resource Considerations Overview 
3. Soil Health and Productivity 
4. Silviculture and Roads 
5. Disturbance (pests, disease, fire, conversion) 
6. Dead wood, slash disposal, and carbon storage 
7. Water Quality, Riparian Zones/Unstable Slopes, and Water Infiltration  
8. Wildlife, Biodiversity and Cultural Resources 


 
Each meeting included, for the topic being discussed, an overview of the Washington Forest Practices Rules, Best 
Management Practices for biomass removal from a few other states, and current applicable science. The current 
science reviewed by the group was not the result of a formal literature review process on forest biomass, and should 
not be considered as such. Rather, it was a collection of related articles (including peer reviewed, field trip hand-
outs, and grey literature) known to exist by stakeholder participants. This collection of relevant information provided 
grounding for the discussions that followed, helped identify follow-up topics of concern, and ensured that potential 
recommendations were not at odds or redundant to existing forest practices rules and board manuals. 
 
Throughout each meeting, as topics emerged that were of concern to the group or that the group determined would 
need follow-up action, they were “flagged” and returned to at later meetings when the issues were being 
synthesized. The flagged items were then grouped into five “buckets” based on their relevance to biomass collection 
specifically2: Two field trips to observe biomass collection were conducted: one in eastern Washington, one in 
western Washington. 
 
Throughout the process, all meeting resources and notes were uploaded to a public website. The documentation 
contained therein traces the evolution of what are now the final recommendations of this group. The information can 
be found at: 
http://www.dnr.wa.gov/ResearchScience/Topics/OtherConservationInformation/Pages/em_forest_practices_biomass
_work_group.aspx  
 


                                                           
1 This only counts time in meetings. This does not include time spent out of meetings doing research and other related activities. 
2 The following are the five “buckets” flagged items were divided into: 


1. Topics that related to biomass exclusively. 
2. Topics that are primarily timber related but that affect biomass. 
3. Topics that are timber specific. 
4. Topics that affect state lands only. 
5. Topics that fall outside the existing jurisdiction of Forest Practices Rules. 
 



http://www.dnr.wa.gov/ResearchScience/Topics/OtherConservationInformation/Pages/em_forest_practices_biomass_work_group.aspx

http://www.dnr.wa.gov/ResearchScience/Topics/OtherConservationInformation/Pages/em_forest_practices_biomass_work_group.aspx
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Consensus Recommendations 
Definitions3 
The Forest Practices Biomass Work-group recommends the FPB consider rulemaking adding the following 
definition of “forest biomass” to the Forest Practices Rules: 


 “Forest Biomass” means material from trees, and woody plants that are by-products of forest management, 
ecosystem restoration, or hazardous fuel reduction treatments on forest land. Although stumps are a by-
product of these activities, only those removed for the purpose of road and landing construction, forest 
health treatments, or conversion activities may qualify as forest biomass.” 


 
The Forest Practices Biomass Work-group recommends the FPB consider rulemaking amending the definition of 
“Forest Practice” to read as follows: 


"Forest practice" means any activity conducted on or directly pertaining to forest land and relating to the 
growing, and removal through harvesting or processing of timber or forest biomass, including but not 
limited to:  
Road and trail construction; 


Harvesting, final and 
intermediate;  
Precommercial thinning; 
Reforestation; 
Fertilization; 
Prevention and suppression of diseases and 
insects; Salvage of trees; and 
Brush control. 


 
‘Forest practice’ shall not include: Forest species seed orchard operations and intensive forest nursery 
operations; or preparatory work such as tree marking, surveying and road flagging; or removal or harvest of 
incidental vegetation from forest lands such as berries, ferns, greenery, mistletoe, herbs, mushrooms, and 
other products which cannot normally be expected to result in damage to forest soils, timber or public 
resources.” 


 
Forest Biomass Retention Levels4 
Funding for Landscape Level Wildlife Assessment Models 
The Forest Practices Biomass Work-group recommends the Forest Practices Board prioritize the identification of 
funding to finish the Landscape Level Wildlife Assessment models. This will provide necessary information to 
determine whether existing requirements are sufficient or if a rule change is necessary to ensure wildlife habitat is 
sufficiently provided for in the Forest Practices Rules.5 
 
RMZ Retention 


1. Given that forest practices rules don’t currently have fine woody debris (FWD) requirements, increased 
intensity of biomass harvesting may require an Adaptive Management review of the efficacy of the rules 
to maintain and protect riparian function where biomass harvest has occurred within RMZ inner and outer 
zones. Of particular interest is the importance of FWD in the retention of fine sediments to meet riparian 
function within the RMZ. It is expected that such a review could inform quantitative retention thresholds.  


 
The group asks DNR consider adding an element to the Compliance Monitoring Program, during the time 
prior to an Adaptive Management process, to estimate the percentage or quantity of post-timber harvest 
biomass that remains on site. 


 


                                                           
3 The group determined there is no need to define the word “harvest.” The word “removal” is used throughout the FP rules and is sufficient 
(with the proposed definition of “forest biomass”) to capture the intent. “Slash,” “harvest” and “salvage” are already defined in rule. If the proposed 
definition of “forest biomass” is adopted, it will provide the clarification that any revisions to these definitions would have sought to achieve. 
4 Large woody debris in unbuffered Type Ns and Np streams. The Forest Practices Biomass work-group, by consensus, determined that, as it 
pertains to the potential removal of biomass, there is no need for additional rules regarding large woody debris in the unbuffered portions of 
Type Np and Type Ns streams riparian management zones. See WAC 222-16-030, WAC 222-30-021, and WAC 222-30-022. 
5 A discussion regarding the efficacy of existing WRT/GRT requirements was the catalyst for this outcome. 
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2. The group asks the Forest Practices Board consider developing the following guidance with regard to the 
harvest of biomass in the managed portion of the inner zone: The only biomass harvested from the 
managed portion of the inner zone should be a function of site preparation and forest health improvements. 


 
Upland Retention Levels 
The Forest Practices Rules require retention of specific numbers and sizes of snags and logs, and also provide 
protection of forest soils and prevention of sedimentation into typed waters. 
 
Snags, as well as course and fine woody debris, are important habitat elements for many wildlife species. Today’s 
biomass harvest rates, driven by market conditions, result in current forest biomass harvest being limited to the 
removal of post-timber harvest woody material. If this changes, the issue should be revisited. 
 
The Forest Practices Biomass Work -group recommends the Forest Practices Board pursue funding and 
collaboration opportunities for the Wildlife Work-Group6 to complete the following after the completion of the 
Landscape Level Wildlife Assessment models and before the end of 2016: 
 


• Re-evaluate biomass harvest practices using the LLWA habitat models (or similar tool), in light of the lack 
of knowledge of the potential effects of biomass harvest under different harvest rates and conditions. 
 


• Develop and implement a practical and reliable methodology or tool to accurately estimate the amount and 
characteristics of biomass left on a sample of harvest units after a timber harvest and biomass removal. 
This information can provide data for the LLWA models.  


 
• Identify potential funding sources to complete this work. 


 
• The FPB will ensure that the Wildlife Work-group provides an annual review of progress on this effort 


and convey that to the interested stakeholders and FPB. 
 
Slope 
The Forest Practices Biomass Work-group recommends the FPB consider rulemaking amending WAC 222-30-020 
to read: 


WAC 222-30-020 Harvest unit planning and design. (1) Logging systems, including forest biomass 
removal operations, must be appropriate for the terrain, soils, and timber type so that yarding and skidding 
can be economically accomplished and achieve ecological goals of the rules.  


 
Timing 
Road abandonment requirements and need for biomass to cure; Landowner notification to DNR. 
The Forest Practices Biomass Work-group determined that no rule change or BMP’s were needed to address road 
abandonment and timing issues. 
 
The Forest Practices Biomass Work-group recommends to the Department of Natural Resources’ Forest Practices 
Program, that when biomass is being harvested after the timber harvest is complete (when the biomass has had time 
to cure on site for a period of time), the FPA be conditioned with the 2-day notification requirement under existing 
rule, WAC 222-20-040. The group formally requests DNR to direct Forest Practices foresters and notify landowners 
and operators (perhaps at TFW meetings) that this rule be considered in the conditioning of FPAs that include the 
removal of forest biomass. 
 
State timber contracts and road abandonment/re-abandonment. 


                                                           
6 The Washington Forest Practices Board (Board) endorsed a Wildlife Work Plan in March 2003 in response to Forest Practices Rules requiring 
periodic evaluation of the Board’s rules to protect wildlife resources.  The Board’s Wildlife Work Plan consists of four major elements:  1) a 
review of current wildlife rules intended to protect wildlife; 2) a Landscape Level Wildlife Assessment (LLWA); 3) landowner incentives and 
wildlife protection implementation mechanisms, and; 4) adaptive management.  The Board requested the Washington Department of Fish and 
Wildlife organize the work plan process and scientific analyses with stakeholder involvement. The purpose of the multi-stakeholder Wildlife 
Work Group is to develop the policy framework for all four elements of the Forest Practices Board’s Wildlife Work Plan, and make any 
necessary recommendations to the Board to implement outcomes of the work-plan.  
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The Forest Practices Biomass Work-group determined that no Forest Practices rule action is necessary to address this 
issue that was raised. The work-group recognizes the high-priority that RMAPs are given by DNR State Lands and 
acknowledges that dialogue will remain open with regard to DNR State Lands progress on developing contracts 
(short and long term) for the sale of forest biomass from state lands that don’t conflict with RMAP priorities or 
compliance with other road rules. 
 
Soil Quality 
The group requests that the Small Forest Landowner Advisory Committee consider undertaking the following 
project to assist Small Forest Landowners (SFL): 


• Develop a nutrient risk assessment tool that SFLs can use to determine if soil nutrient deficiencies exist on 
their forest lands. 


• Develop education and outreach materials for SFLs to use to assess soil nutrients and potential risks to 
physical properties associated with timber productivity. This could include best management practices. 


• Seek funding for these efforts through NRCS. 
 
Carbon Storage 
Carbon storage is not addressed in Forest Practices rules. 
The Forest Practices Biomass Work-group determined no action is necessary to address this issue that was raised. 
The workgroup determined it is beyond the scope of this committee’s objectives and, if addressed, would need to be 
done in a different forum. 
 
Five Year Recommendations 
The group asks the Forest Practices Board to recognize the dynamic nature of the biomass industry and to check 
back, in 5-years, on several issues that may arise as the industry continues to mature7: 


• The question of whether reforestation species will shift for biomass production was raised, particularly in 
the RMZ outer zone. 


• The question of whether shrubby vegetation will be collected in the future for utilization as biomass was 
raised. Concerns were raised about collection of shrubs from the RMZ inner zone. There may be a need to 
revise the rules that relate to what can/can’t be harvested in the inner zone of the RMZ and near unstable 
slopes. 


 
 
Non-Consensus Recommendations 
Ecosystem Functionality 
The question of whether all FP rules could apply a standard of ecosystem functionality was raised. There are 
differences of opinion on whether or not the Forest Practices Act and rules addresses ecosystem functionality. The 
group agreed that no agreement was possible. There are two perspectives that emerged in the discussion. Not all 
participants’ views are represented by these two positions.  


 
Position #1 
The Forest Practices Act states “that coincident with maintenance of a viable forest products industry, it 
is important to afford protection to forest soils, fisheries, wildlife, water quality and quantity, air quality, 
recreation and scenic beauty.” This legislative finding and declaration does not include ecosystem 
functionality, a concept that is not universally or well defined. Ecosystem functionality could be applied 
to the forest practices rules including biomass harvest when directed by the Washington State 
Legislature. (Forest Product Industry and Landowners) 


 
Position #2: 
Biomass harvest may negatively impact biological diversity and ecosystem functionality, especially 
through cumulative impacts to public resources and forest soils.  Hence, the following concepts need to be 
added to either the Forest Practices Rules and/or a Board Manual. Forest biomass harvest shall: 


                                                           
7 Several items were discussed and the group determined that no further action was necessary: 


1. A dynamic forest products market defines end use of all products. Concerns about a greatly expanded biomass market was the focus of 
the conversation. 


2. The FP requirements to leave snags may conflict with L&I sa fe t y rules. Leaving snags is important for wildlife habitat. No FP rule 
action is needed. This is an issue that would need to be addressed with L&I. 
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• Be planned in the context of the larger landscape in which it is located across the full harvest 
cycle; 


• Maximize habitat structural complexity and spatial heterogeneity; 
• Mimic natural disturbances or intermediate frequencies, scales, and intensities of disturbance; and 
• Retain and recruit biological legacies:  


o Downed wood and snags of varied size, species, and decay classes; 
o Understory vegetation; and, 
o A well-developed forest floor. (Conservation Caucus) 


 
 
Recommendations to the Department of Natural Resources 
 
Washington State Forest Biomass Assessment 
The Forest Practices Biomass Workgroup recommends that the Department of Natural Resources undertake a 
QA/QC review of the methods and models used in the 2012 UW/DNR Statewide Forest Biomass Assessment. 
 





		Forest Biomass Work Group Cover-Jamison

		Forest Biomass Report-Attachment-Jamison
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Washington State Forest Practices Adaptive Management Program 
 


The Washington State Forest Practices Board (FPB) has established an Adaptive Management 


Program (AMP) by rule in accordance with the Forests & Fish Report (FFR) and subsequent 


legislation. The purpose of this program is to: 


 


Provide science-based recommendations and technical information to assist the 


FPB in determining if and when it is necessary or advisable to adjust rules and 


guidance for aquatic resources to achieve resource goals and objectives. The 


board may also use this program to adjust other rules and guidance. (Forest 


Practices Rules, WAC 222-12-045(1)). 


 


To provide the science needed to support adaptive management, the FPB established the 


Cooperative Monitoring, Evaluation and Research (CMER) committee as a participant in the 


program. The FPB empowered CMER to conduct research, effectiveness monitoring, and 


validation monitoring in accordance with WAC 222-12-045 and Board Manual Section 22. 


 


Report Type and Disclaimer 


 


This technical report contains scientific information from research or monitoring studies that are 


designed to evaluate the effectiveness of the forest practices rules in achieving one  or more of 


the Forest and Fish performance goals, resource objectives, and/or performance targets. The 


document was prepared for the Cooperative Monitoring, Evaluation and Research Committee 


(CMER) and was intended to inform and support the Forest and Fish Adaptive Management 


program. The project is part of the Eastside Type F Riparian Effectiveness Program, and was 


conducted under the oversight of the Riparian Scientific Advisory Group. 


 


This document was reviewed by CMER and was assessed through the Adaptive Management 


Program’s independent scientific peer review process. CMER has approved this document for 


distribution as an official CMER document. As a CMER document, CMER is in consensus on 


the scientific merit of the document. However, any conclusions, interpretations, or 


recommendations contained within this document are those of the authors and may not reflect the 


views of all CMER members. 


 


The Forest Practices Board, CMER, and all the participants in the Adaptive Management 


Program hereby expressly disclaim all warranties of accuracy or fitness for any use of this report 


other than for the Adaptive Management Program. Reliance on the contents of this report by any 


persons or entities outside of the Adaptive Management Program established by WAC 222-12-


045 is solely at the risk of the user. 


 


Proprietary Statement 


 


This work was developed with public funding. As such it is within the public use domain. 


However, the concept of this work originated with the Washington State Forest Practices 


Adaptive Management Program and the authors. As a public resource document, this work 


should be given proper attribution and be properly cited. 
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This technical report contains scientific information from a research study designed to evaluate the 


effectiveness of the Forest Practices Rules in achieving one or more of the Forests & Fish 


performance goals, resource objectives, and/or performance targets. The document was prepared for 


the Cooperative Monitoring, Evaluation and Research Committee (CMER) and was intended to 


inform and support the Forest and Fish Adaptive Management Program. The project is part of the 


Eastside Type F Riparian Effectiveness Program, and was conducted under the oversight of the 


former Bull Trout Scientific Advisory Group (BTSAG), which is now a part of the Riparian 


Scientific Advisory Group (RSAG). This document has been developed in response to review by 


CMER and the Adaptive Management Program’s independent scientific peer review process 
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Executive Summary 


 


Eastern Washington riparian timber harvest prescriptions pertaining to shade differ depending on 


whether or not a harvest unit is within the Bull Trout Habitat Overlay (BTO). When a harvest 


unit is located within the BTO, “all available shade” must be retained within 22.9 m (75 feet) of 


the stream.
6
  With the “all available shade” rule, trees may be harvested within the 75-foot zone 


if they are not determined to provide shade using the densiometer, and are not needed to meet 


basal area requirements. When a harvest unit is located outside the BTO, prescriptions fall under 


the standard shade rule, which may allow for harvest of a portion of shade trees within 22.9 m 


(75 feet), depending on elevation and canopy cover existing prior to harvest.  


This study evaluated whether there was a significant change in the amount of solar radiation 


reaching the stream following harvest under the “all available shade” rule. Trees contributing to 


canopy shade were identified using a densiometer as prescribed by forest practices rules. The 


amount of solar radiation reaching the stream was measured using an Eppley pyranometer. 


Measurements of solar energy were collected before and after harvest. In each case, 


simultaneous measurements were collected over the period of a day in upstream reference 


reaches (no-harvest) and downstream treatment (harvested) reaches. A third instrument placed on 


an unobstructed hilltop measured total available solar radiation. Change associated with the 


application of the all available shade rule was determined by comparing differences in solar 


radiation reaching the stream in the control and treatment reaches before and after harvest.  


Based on the average response at 16 sites, forest harvest conducted in accordance with the all 


available shade rule does not significantly alter the amount of solar radiation reaching the stream. 


The average increase in solar radiation was +3.0 W m
-2


, which is within the instrument 


measurement error. Canopy attenuation decreased by an average of 0.43%, which was not 


statistically significant and was also within the instrument measurement error. Individual site 


responses were highly variable about the mean response, with 56% of sites having a reduction in 


solar energy after harvesting, and 44% of sites having an increase in solar energy.  


                                                 
6
 A complete discussion of the rule is found at WAC 222-30-040, 


www.dnr.wa.gov/BusinessPermits/Topics/ForestPracticesRules/Pages/fp_rules.aspx 
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1.0 INTRODUCTION 


In the spring of 2002, the Cooperative Monitoring Evaluation and Research Committee 


(CMER) initiated two separate, but related, projects to better understand the effects of 


eastern Washington timber harvest prescriptions on shade, solar radiation, and stream 


temperature. The first was a study referred to as the Bull Trout Overlay Temperature 


Program - Eastern Washington Riparian Shade/Temperature Effectiveness Project 


(Shade/Temperature Study). The Shade/Temperature Study utilizes the two Eastside 


riparian shade prescriptions for the protection of stream temperature as treatments, and 


compares and assesses the effectiveness of each. The two shade prescriptions (Board 


Manual Section 1) include the standard shade rule (which uses the shade nomographs) 


and the “all available shade rule,” which is applied within the bull trout habitat overlay 


(BTO) (WAC 222-16). Both shade prescription methodologies use the densiometer for 


measuring canopy cover. 


The subject of this report is the second study initiated by CMER in 2002, the Evaluation 


of the Effectiveness of the Current TFW Shade Methodology for Measuring Attenuation 


of Solar Radiation to the Stream (Solar Study). The Solar Study only utilized sites that 


were treated with the “all available shade” rule, and thus a subset of sites used within the 


Shade/Temperature Study. The all “available shade rule” requires that “all available 


shade must be retained within 22.9 m (75 feet) of bankfull width or outer edge of the 


CMZ (whichever is greater) along (Type S or F waters)” (WAC 222-30-040). The Solar 


Study was designed to determine whether the application of the rule results in no net 


increase in solar radiation to the stream and to help address questions related to the 


adequacy of the Board Manual methodology for achieving “all available shade.” 


The Solar Study was designed to address a number of questions when paired with data 


from the Shade/Temperature Study which currently remains ongoing. The findings 


included in this report are limited to the following question:  


Does the removal of trees that lie within 22.9 m (75 feet) of the stream, that don't qualify 


as providing shade according to the ”all available shade rule”, affect solar energy 


reaching the stream? 


The null hypothesis is that there is no significant difference in solar energy reaching the 


stream, based on a comparison of control and treatment reaches measured before and 


after application of the all available shade rule. 


1.1 Shade, Solar Radiation, and Energy Transfer Processes 


The effect of timber harvest on water temperature is a key watershed management issue 


for water quality and aquatic biology (Beschta and Taylor 1988, Gravelle and Link 


2007). Increases in stream temperature following complete removal of riparian vegetation 


through harvest and site preparation have been documented for decades  (e.g., Brown 


1969), and substantial increases of 2°C to 10°C in June-August have been reported 


(Beschta et al. 1987, Moore et al. 2005b). Increases in summer stream temperature can 


cause stress and mortality of aquatic species, including endangered fish species (Beschta 


et al. 1987).  
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Stream temperature is affected by multiple energy transfer processes including direct 


solar short-wavelength radiation, long-wavelength radiation, conduction, convection, and 


evaporation (Dent et al. 2008, Moore et al. 2005a). Complex sets of factors are known to 


govern stream temperature dynamics (Gravelle and Link, 2007, Moore et al. 2005a). For 


example, conductive transfer of energy via groundwater inflow and hyporheic exchange 


of surface and subsurface waters can substantially affect temperature regimes both at 


local and watershed scales (Johnson 2004, Johnson and Jones 2000, Poole and Berman 


2001). While the influence and magnitude of these processes are difficult to examine 


independently, direct solar radiation has been shown to be the primary contributor to 


maximum daily summer stream temperature at the site level (Ice 2000, Johnson 2004). 


Because of the relatively large influence of direct solar radiation on stream temperature, 


changes to this variable alone can be used to develop estimates of maximum potential 


increases in temperature (Ice 2000).  


Maintaining shade is an effective means of reducing direct solar radiation and summer 


maximum stream temperature, but transmission of solar radiation through forest canopy 


can affect stream temperature even in cases where a riparian buffer is retained if it is not 


sufficiently wide, dense, or tall (DeWalle 2010, Moore et al. 2005b). Transmission of 


solar radiation through vegetative canopies is a complex process (DeWalle 2008, Moore 


et al. 2005b) and the effectiveness of stream protection zones of various widths and leave 


tree requirements is not completely understood (Gomi et al. 2006). Simplified models 


based on extinction coefficients or the spatial distribution of gaps in the canopy have 


been employed to predict transmission through canopies (Hardy et al. 2004) and to 


simulate effective shade of streams (Chen et al. 1998). Measurement of solar radiation 


beneath canopies is difficult owing to the extremely variable effect of canopy density on 


the transmission of solar radiation and the expense of multiple sensors (Link et al. 2005). 


Moore et al., (2005a) report that dense canopies can block more than 90 percent of solar 


radiation, while open stands block less than 25 percent.  


Despite these complexities, this study evaluated whether there was a significant change in 


the amount of solar radiation reaching the stream by comparing pre-harvest 


measurements of solar radiation to those following harvest under the all available shade 


rule. Ultimately, these measures will be related to canopy cover, shade, and temperature 


effects measured in the companion shade and temperature study.  


2.0 METHODS 


2.1 Site Selection and Measurement Dates 


Sites and the exact location of measurement transects for both the solar and temperature 


studies were determined as part of the Shade/Temperature study.  


Given the high level of landowner participation required for this study, sites could not be 


randomly selected, and thus may not be representative of bull trout overlay streams 


throughout eastern Washington. Sites were selected from a pool of small eastern 


Washington streams located within the bull trout overlay, and on lands where landowner 


cooperators, including the WDNR, had committed to conducting timber harvest within a 


timeframe acceptable to CMER. The group of study sites was further refined to provide a 
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sample of streams that were relatively sensitive to the effects of tree removal on solar 


radiation by applying a set of specific site selection criteria. These site selection criteria 


were established to minimize the influence of other variables (e.g., roads, non-forested 


areas, groundwater, etc.) on stream temperature effects. The site selection criteria for 


these study streams are found in the original study plan for the Shade/Temperature study 


(Light, et. al. 2002): 


 A study reach at least 600 m long on a small (< 15 ft. (4.6 m) bankfull width
7
 fish-


bearing stream.
8
 


 A relatively consistent stand of timber with sufficient basal area to meet the minimum 


requirements for commercial harvest under the Forest and Fish rules.  


 Pre-harvest canopy closure levels > 50%. 


 Absence of tributaries that enter or influence the study reaches.  


 Absence of a channel migration zone (CMZ).  


 Limited amounts of non-forested areas (i.e., pastures). Generally, non-forested areas 


were not to occur within the riparian zone, especially within the core or inner zone of 


the Riparian Management Zone (RMZ) as defined by WDNR Forest Practices Rules 


(WAC 222-30-022). Sites with > 10% of the inner zone occupied by non-forested 


areas required a special review and approval process to be considered for inclusion in 


the study.  


 Limited amounts of wetlands, beaver ponds, or other secondary surface water bodies. 


 Ideally, none were to be present; however, inclusion of a limited amount of 


these areas could be acceptable. If secondary surface waters occupied greater 


than 10% of the riparian area at a site then a special review and approval 


process was required in order to be considered for inclusion in the study. 


 Continuous surface flow during the monitoring period (no intermittent sections within 


the study reaches).  


 Absence of stream-adjacent roads within the riparian zone.  


                                                 


7
 Not all of the sites in this study met the 15-foot bankfull width requirement per the CMER approved 


Study Plan; however, streams that did not meet this criterion typically had a bankfull width less than 20 


feet.  To reduce variability associated with harvest prescriptions, CMER applied RMZ prescriptions for 


streams less than or equal to 15 feet wide to all streams in this study (see the Washington Forest Practices 


Rules, Dec. 2002, pg. 30-18, first table). Before being included in the study, any sites having exceptions to 


the pre-defined site selection criteria were first approved by the project’s scientific advisory group (Table 


2.1-1). 


8
Fish presence was not verified. However, the study streams had the physical characteristics typical of 


smaller fish bearing streams in this region. 
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 Road crossings within the sample area were to be avoided if possible; however, a 


sample site with a road crossing was not automatically removed from consideration. 


Any stream-adjacent roads or road crossings required independent review and 


approval.  


 Absence of significant groundwater inputs within the study reaches. 


 Sites were examined for groundwater influence using spot temperature 


checks throughout the sample reach and by discharge measurements at the 


upper and lower boundaries of the reference and treatment reaches. Sites with 


noticeable differences in groundwater influence between treatment and 


reference reaches were reviewed and approved independently for inclusion. 


 Absence of recent major disturbance from: 


 debris torrents 


 livestock grazing that had significantly altered stream morphology or bank 


vegetation 


 other channel disturbance  


 Committed landowner. 


 The landowner had to be willing to design the timber harvest unit to fit the 


experimental design and be willing to maintain the reference site in an 


unmanaged condition for at least 3 years (and preferably longer). 


 Landowner had to agree to harvest along both sides of the stream. 


 Timber harvest and related activities had to comply with forest practices rules 


and had to have the maximum allowable volume removed during harvest.  


 


In order to reduce the potentially confounding effect of elevation on stream temperature, 


sites were chosen for each of the two treatments (i.e., all available shade and standard 


rule) to be representative of the different elevation bands. Sites were also not to have had 


any recent harvest within 30.5 m (100 feet) of the stream within 305 m (1,000 feet) 


upstream of the reference reach.  


After identifying the landowner, a list of candidate sites was sent to appropriate managers 


to solicit cooperation in the study. Sites were visited in the field to assess stream and 


forest conditions, and to confirm that the site matched the selection criteria. Early site 


visits included preliminary stand plots to ensure sufficient basal area and stem density for 


harvest entry. The location for the treatment reach at each candidate study site was 


established to best meet the site selection criteria. Details regarding sites and their 


concurrence with selection criteria are provided within the documentation for the 


companion Shade/Temperature Study. 


The study plan for the Solar Study called for a total of 20 BTO study sites. The original 


plan called for field measurements to be made over the course of three years: pre-


treatment measurement of 10 sites in year one, pre-treatment measurement of 10 


additional sites plus post-treatment measurement of the first 10 sites in year two, and 
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post-treatment measurement of the second set of 10 sites in year three. Pre- and post-


treatment solar measurements for all study sites were made as sites were identified and 


approved for pre-treatment measurements and approved for post-treatment measurements 


following harvest to acceptable standards. Due to various circumstances (timber market 


conditions, changing harvest decisions, etc.) timing of pre- and post-treatment 


measurements differed from the original study plan and required data collection to extend 


beyond year three. As a result, as many as six years elapsed between pre- and post-


treatment measurements for some sites. In addition, some sites where pre-treatment 


measurements were collected were dropped from the study, due either to poor market 


conditions that prevented harvest, or because sites were later judged to not have 


satisfactorily met the site selection criteria. As a result, the total number of study sites 


where both pre- and post-treatment measurements met the study design criteria was 


reduced to a total of 16 sites. Of these 16 sites, three were located on the east slope of the 


Cascade Mountains in south-central Washington, while the remaining sites were located 


in the northeastern portion of the state (Figure 2.1-1). Table 2.1-1 provides basic 


characteristics for each site, and Table 2.1-2 shows the pre- and post-treatment 


measurement dates for all sites. 
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Figure 2.1-1. Solar study site locations. 
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Table 2.1-1. Summary of basic site characteristics. 
 


  Site Latitude Longitude 
Elevation 


(m) 


Bankfull 


Width (m) 


Treatment
9
 


Bankfull 


Width (m) 


Reference
7
 


1 SF Ahtanum 46.465 -121.077 1376 6.3 6.0 


2 Moses Creek Trib 48.545 -117.742 934 2.3 2.0 


3 Mill Creek 48.489 -117.188 1070 1.8 1.4 


4 Dry Canyon  48.549 -117.303 658 2.0 1.7 


5 Long Alec  48.830 -118.458 1268 2.6 3.2 


6 NF Foundation 46.546 -121.067 1452 3.9 3.6 


7 Cole Creek  48.459 -117.933 577 4.4 5.4 


8 Lotze Creek 48.736 -117.793 1051 4.5 3.7 


9 Clark Creek 48.568 -117.572 1009 1.8 1.9 


10 Upper Bacon Creek 46.105 -121.351 1007 3.9 4.4 


11 Seco Creek 48.590 -117.183 1063 2.4 2.4 


12 Sema 2 48.647 -117.143 1076 2.0 1.8 


13 Sema 1 48.650 -117.144 1069 1.6 1.3 


14 Flodelle 48.552 -117.541 1027 3.0 2.5 


15 Tungsten 48.519 -117.220 1005 1.2 1.0 


16 Sanpoil 48.662 -118.582 1024 1.9 1.5 


 
Table 2.1-2. Pre- and post-harvest measurement dates and solar angles. 


 


  


Site n 


Pre-


Harvest 


Date 


Measured 


Pre-


Harvest 


Mean 


Solar 


Angle 


Treatment 


Completed 


Post-


Harvest 


Date 


Measured 


Post-


Harvest 


Mean 


Solar 


Angle 


Difference 


in Solar 


Angle 


1 SF Ahtanum 20 7/9/2003 52.24 2008 7/13/2008 51.82 -0.42 


2 
Moses Creek 


Trib 


30 
7/15/2003 50.46 2009 7/17/2009 50.19 -0.27 


3 Mill Creek 30 7/17/2003 50.24 2005 8/15/2006 44.20 -6.04 


4 Dry Canyon  30 7/22/2003 49.44 2006 7/19/2006 49.89 +0.45 


5 Long Alec  29 7/24/2003 48.94 2008 8/04/2008 46.72 -2.22 


6 
NF 


Foundation 


29 
8/1/2003 48.71 2008 7/28/2008 49.50 +0.79 


7 Cole Creek  30 7/15/2004 50.52 2009 7/13/2009 50.76 +0.23 


8 Lotze Creek 30 7/21/2004 49.49 2008 7/20/2008 49.67 +0.18 


9 Clark Creek 30 7/22/2004 49.42 2009 7/18/2009 50.06 +0.63 


10 
Upper Bacon 


Creek 


30 
7/27/2004 49.91 2006 8/17/2006 45.07 -4.84 


11 Seco Creek 30 8/11/2004 45.18 2007 8/1/2007 47.52 +2.34 


12 Sema 2 30 7/13/2005 50.66 2009 7/15/2009 50.40 -0.26 


13 Sema 1 29 7/14/2005 50.54 2008 7/16/2009 50.29 -0.25 


14 Flodelle 30 8/9/2005 45.69 2009 8/18/2009 43.31 -2.38 


15 Tungsten 29 7/18/2006 50.09 2006 7/30/2007 47.99 -2.10 


16 Sanpoil 29 7/19/2006 49.86 2008 7/19/2008 49.86 0.00 


                                                 
9
 Average of channel width measured at the 5 transects. 
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2.2 Experimental Design 


Using the same approach and study sites selected in the companion Shade/Temperature 


Study for the bull trout overlay portion of that study, the Solar Study employed a 


before/after, control/impact (replicated BACI) design to test for effectiveness of the ”all 


available shade” prescription. An unharvested upstream reach provided control 


(reference) for a downstream impact (treated) reach. The length of each treatment and 


reference pair was 600 m (300 m for the reference and 300 m for the treatment). The 


treatment reach was located immediately downstream of the reference reach. The harvest 


treatment was carefully controlled so that treatment effects could be determined from the 


all “available shade rule” when applied to minimum tree retention requirements. This 


involved consistent removal of all trees within 22.9 m (75 feet) of the adjacent study 


stream identified as not providing shade to the adjacent study stream at any time. 


Identification of these removal trees was done in conjunction with the companion 


Shade/Temperature Study. 


As part of the companion Shade/Temperature Study, reach transects were monumented. 


Wooden stakes were installed on both sides of the channel at 25 m increments along the 


entire study site, which consisted of the 300 m downstream treatment and 300 m 


upstream reference. Pink flagging was securely placed on woody vegetation near the 


wooden stakes for ease of relocation. A measuring tape was stretched tightly across the 


channel between the station monument stakes. The solar measurements were taken in the 


center of the wetted channel along the tape (the same location as the canopy closure and 


Hemiview measurements were taken in the companion study). The companion study 


(Shade/Temperature) also recorded the distance from the right bank stake to the 


associated canopy closure measurement position to facilitate relocating measurement 


stations along the study site in subsequent sample years. 


Simultaneous (paired) measurements were made in reference and treatment reaches to 


assess changes in solar radiation following harvest. Measurements were made during a 


single day prior to harvest and during a single day following harvest. All measurements 


were made during the mid-summer months of July and August (July 9 to August 18). 


Measurements were made at five locations spaced at 50 meter intervals within each reach 


(reference and treatment, see Figure 2.2-1). In addition to the two instruments used on the 


streambed, a third instrument operated simultaneously (unattended) at a nearby clearcut, 


meadow, or open field (hereafter referred to as the “hilltop” instrument). The hilltop 


instrument measured sunlight unobstructed by vegetative canopy or topography, and 


simultaneous to the in-stream instruments, and in combination with the in-stream 


pyranometers, allowed calculation of attenuation, or the interception by the canopy of 


incoming solar radiation. Each crew member remained at a given in-stream monitoring 


location for five minutes, recording data at one-minute intervals, before moving to the 


next location. Over the course of the day, each location was visited six times, resulting in 


a total of 30 observations in each reference and treatment reach.  


At the beginning of a measurement day, the hilltop instrument was deployed and set to 


record readings at one-minute intervals. The two-man crew then traveled to the stream 


site and positioned themselves separately at the +50m and -50m stations (Figure 2.2-1). 
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Once placed in the stream on its tripod (0.5-1.0 m above the surface of the water) a 


gimble device was used to level the pyranometer
1
. Using a schedule based around solar 


noon, each crew member started the data logger timing programs for both treatment and 


reference units. Each unit then simultaneously recorded solar radiation for a total of five 


minutes at its respective station. The five-minute period consisted of five one-minute 


readings calculated from averages of one-second measurement intervals. On completion 


of the five-minute period, the two crew members had eight minutes to move in opposite 


directions to the +100m and -100m stations, where they again recorded five minutes of 


solar radiation data. This procedure was repeated at 50 meter intervals until the +250m 


and -250m stations were reached. The crew members then had 20 minutes to return to the 


+50m and -50m stations where they started the second loop. After three loops were 


completed in one direction, and following an interval of 20 minutes, three more loops 


were completed in the opposite direction beginning at the +250 and -250 stations, 


resulting in a total of six loops. Using this procedure, a total of 150 minutes of solar 


radiation data were recorded both upstream and downstream of the site center, and 30 5-


minute observations were distributed both spatially and temporally throughout the day.  


A customized data collection program using audible alarms and synchronized internal 


clocks ensured that observations were made on schedule, that they were simultaneous in 


the treatment and reference reaches, and that the set of observations were centered on 


solar noon (which was pre-determined for a given sample date and location). 


Observations were made at the same time of day in the reference and treatment reaches, 


and as close as possible to the same day of the year for both pre- and post-harvest 


measurements.  


The sampling design described above was used for calculation of two key parameters:  


Difference in Watts per meter squared (DiffWm
-2


) and
 


difference
 


in attenuation 


(DiffAtten). DiffWm
-2 


is the difference in incoming solar radiation reaching the stream 


surface, and DiffAtten is the difference in percent solar radiation blocked by canopy from 


reaching the stream surface (attenuation). As described in Section 2.4, differences in solar 


radiation and attenuation pre- and post-harvest were based on the “difference of the 


differences”, where: 


Difference = [(Treatpost - Referencepost)] – [(Treatpre – Referencepre)] 


 


2.3 Instrumentation/Quality Assurance 


Solar radiation measurements, recorded as Watts/square meter (W m
-2


), were made with 


Eppley Precision Spectral Pyranometer (PSP) sensors and Data Electronics DT50 


dataloggers. Eppley PSP sensors are high quality pyranometers used for extremely 


accurate solar radiation measurements. Eppley PSP sensors are often used as a standard 


to calibrate other pyranometers (Campbell Scientific 2001). 


                                                 
1
 A pyranometer is a sensor that is designed to measure the solar radiation flux density from a field of view 


of 180 degrees. 
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Figure 2.2-1. Schematic illustration of solar radiation measurements in a study reach. 


 


Three identical sets of equipment (pyranometer/data logger combination), were employed 


on any given day at a study site: one in the reference stream reach, another in the 


treatment stream reach, and a third at a nearby hilltop.  


Both pyranometers and datalogger units were calibrated by the manufacturer at the 


beginning of the project prior to pre-harvest data collection. Calibration following the 


2003 and 2007 field seasons was completed by sending the units to J&S Instruments, Inc. 


in Springfield, OH for testing and maintenance. All instruments in all years remained 


within acceptable calibration limits which are based on Eppley PSP specifications 


(http://www.eppleylab.com) for temperature dependence (±1.0%), linearity (±0.5%), and 


cosine response (±1.0%). Calibration was also checked prior to each field season with 


side-by-side tests to cross-check readings between the four units (three plus the spare 


unit). If all readings in the side-by-side tests averaged within 2 percent of each other, the 


units were deemed to have remained in calibration.  


System Accuracy 


Based on the PSP sensor calibration constant (in mV W
-1 


m
-2


) and the DT50 datalogger 


capability to measure pyranometer voltages to an accuracy of ±0.1% at the 25mV scale 


(Carr 2005), datalogger accuracy was determined with the following equation (Campbell 


Scientific 2001): 


site center 


treatment reach reference reach 


streamflow 


+50m -50m -100m -150m  -200m -250m +100m +150m +200m +250m 
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DT50 accuracy = ±(% datalogger accuracy * 25mV) * (1 W m
-2


 / PSP calibration 


constant in mV W
-1 


m
-2


) 


With DT50 datalogger specifications and an average project PSP calibration value of 


0.0084 mV W
-1


 m
-2


, this yielded: 


DT50 accuracy = ±(0.001 * 25mV) * (1 W m
-2


 / 0.0084 mV W
-1


 m
-2


) = ±3.0 W m
-2


 


Individual pyranometers with differences in calibration constants resulted in estimated 


DT50 accuracy ranges of ±2.7 W m
-2


to ±3.2 W m
-2


, with an average DT50 accuracy of 


±3.0 W m
-2


.  


For the stream units, using an average radiation measurement of 65.5 W m
-2


, average PSP 


sensor accuracy related to temperature dependence, linearity, and cosine response 


yielded: 


PSP temperature dependence accuracy = ±(0.01 * 65.5 W m
-2


) = ±0.655 W m
-2


 


PSP linearity accuracy = ±(0.005 * 65.5 W m
-2


) = ±0.3275 W m
-2


 


PSP cosine response accuracy = ±(0.01 * 65.5 W m
-2


) = ±0.655 W m
-2


 


The system accuracy of DiffWm
-2 


using the two stream instruments was calculated by 


taking the square root of the sum of squares of component accuracies: 


(3.0 W m
-2


)
 2
 + (0.655 W m


-2
)
 2


 + (0.3275 W m
-2


)
 2
 + (0.655 W m


-2
)
 2


 = 9.965 


√9.965 = 3.2 W m
-2


 


Based on an average hilltop measurement value of 750 W m
-2


, the system accuracy for 


the hilltop instrument was: 


DT50 accuracy = ±(0.001 * 25mV) * (1 W m
-2


 / 0.0084 mV W
-1


 m
-2


) = ±3.0 W m
-2


 


PSP temperature dependence accuracy = ±(0.01 * 750 W m
-2


) = ±7.50 W m
-2


 


PSP linearity accuracy = ±(0.005 * 750 W m
-2


) = ±3.75 W m
-2


 


PSP cosine response accuracy = ±(0.01 * 750 W m
-2


) = ±7.50 W m
-2


 


(3.0 W m
-2


)
 2
 + (7.50 W m


-2
)
 2


 + (3.75 W m
-2


)
 2
 + (7.50 W m


-2
)
 2
 = 135.56 


√135.56 = 11.6 W m
-2


 


Limits of Detectability 


In order to quantify limits of detection, system errors related to each pyranometer 


instrument were considered. Since the BACI design requires the use of at least two 


sensors to detect treatment effect, combined error from both sensors must be considered. 


Due to the independence of the sensors, this combination of error uncertainty can be 







Solar Study Report   12 


March 12, 2012 


 


quantified by using the square root of the sum of squares of the individual errors. The 


uncertainty is said to be added “in quadrature” (Taylor 1997, Mount and Louis 2005). 


Calculating the combined uncertainty in quadrature for two pyranometer instruments 


gave: 


  (3.2 W m
-2


)
 2
 + (3.2 W m


-2
)
 2


 = 20.48  


 √20.48 = 4.5 W m
-2


 


Given the above, the limit of detectability using two pyranometer instruments 


simultaneously is ±4.5 W m
-2


. However, since DiffWm
-2


 is based on differences of 


differences (i.e. using two pyranometer instruments simultaneously both pre-harvest and 


post-harvest), the limit of detectability when calculating for DiffWm
-2


 equated to: 


(3.2 W m
-2


)
 2
 + (3.2 W m


-2
)
 2


 + (3.2 W m
-2


)
 2


 + (3.2 W m
-2


)
 2
 = 40.96  


 √40.96 = 6.4 W m
-2


 


For DiffAtten, which required the use of three pyranometer instruments, the system 


accuracy for the hilltop instrument needed to be included for the three instrument system 


accuracy: 


  (3.2 W m
-2


)
 2
 + (3.2 W m


-2
)
 2 


+ (11.6 W m
-2


)
 2
 = 155  


 √155 = 12.4 W m
-2 


 


Since DiffAtten was based on pre-harvest and post-harvest measurements, the limit of 


detectability when calculating for DiffAtten must account for both pre- and post-harvest 


measurements: 


(3.2 W m
-2


)
 2
 + (3.2 W m


-2
)
 2 


+ (11.6 W m
-2


)
 2
 + (3.2 W m


-2
)
 2
 + (3.2 W m


-2
)
 2 


+ (11.6 W 


m
-2


)
 2


 = 310  


 √310 = 17.6 W m
-2


 


 17.6 W m
-2


/ 750 W m
-2


= 2.3% 


The limit of detectability with three pyranometer instruments, using an average hilltop 


value of 750 W m
-2


, was calculated to be ±2.3% for DiffAtten.  


Full Sun Screening Criteria 


In addition to providing data on total available incident solar radiation reaching the 


stream at a given time, the hilltop instrument also served a screening function in helping 


to ensure that data were collected during days with primarily cloud-free, full sun 


conditions. This screening criterion required a hilltop instrument average daily recording 


of at least 75 percent of potential full sun (as defined below). A typical daily 


measurement period was from approximately 09:15 am to 16:45 pm, depending on the 


specific location.  
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Although unobstructed full sun solar radiation can be determined based on site latitude, 


longitude and elevation, such values are theoretical; water vapor (haze), smoke, or any 


form of particulate that may be present, interferes with these theoretical values. Instead, 


the approach used for this study relied upon the data actually observed for each day of 


measurement at each site. Accordingly, the criterion of 75 percent of potential full sun 


was assessed by first generating a full sun curve with the recorded hilltop data. Using 


only the hilltop observations that occurred during the portion of the day during which 


stream observations were taken, a second-order polynomial was fit through the 


observations to obtain a curve that defined “full sun” for the particular day and location 


in question. The hilltop measurements taken during the daily measurement period were 


averaged. If the hilltop average was equal to or greater than 75 percent of the “full sun” 


curve, the data “passed” this test. This approach allowed determination of whether the 


criterion had been satisfied at the end of each observation day. An example of the hilltop 


radiation recorded during partially cloudy conditions at one of the sites, Lotze Creek, and 


the curve developed to represent full sun radiation used for the 75% full sun QA test is 


shown below (Figure 2.3-1). These data for Lotze Creek also demonstrate that radiation 


recorded at some points in time actually exceed theoretical full sun radiation. This 


occurred during the course of this study particularly when cumulus thunder storm-


associated clouds reflected short-wave radiation, increasing the quantity of radiation 


received by the pyranometers to values greater than 100% of theoretical clear sky values, 


or those as represented by the fitted-to-the-data representations of full sun conditions. 
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Figure 2.3-1. Hilltop data relationships for Lotze Creek illustrating actual solar radiation 
recorded and the second-order polynomial representing the full sun condition. 
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Calculation of percent of full sun for a given day is given as: 


 


 Percent full sun = Rhill/SRhill 


 where, 


  Rhill = radiation recorded at the hilltop instrument (W m
-2


) 


  SRhill = simulated full sun radiation (W m
-2


) 


 


This percent full sun calculation was assessed over the course of the entire observation 


period where in-stream treatment and reference instruments recorded measurements. The 


hilltop instrument was placed as close to the stream reaches as possible without 


compromising the hilltop unobstructed sunview requirement. It was then assumed that 


hilltop radiation measurements were identical to above canopy levels for the stream 


reaches (Rhill = Rstream above canopy). While this assumption could be violated at some 


measurement times where sporadic cloudiness affects hilltop and stream reaches variably, 


this assumption is deemed valid for periods of full sun. As illustrated above, on July 21, 


2004, the sky above Lotze Creek was clear until some cumulus clouds developed later in 


the afternoon. However, this site met the 75 percent criterion, with 94.6% percent of full 


sun recorded during the observation period (~09:15 to 16:45). Topographic shading could 


also invalidate the assumption, but was not observed during the course of the solar 


observations at any of the sites measured. 


Because cloud cover reduces the ratio of direct solar radiation to diffuse solar radiation 


incident upon stream surfaces, the 5-minute data, i.e., the  sets of 5-minute observations 


in treatment and reference reaches, were further examined by removing data pairs 


collected when the hilltop received less than 85 percent full sun. This was an exploratory 


approach designed to retain the preponderance of observations while examining the effect 


of clouds on computed treatment effects. This analysis was reported for each site within 


the July 2008 interim report for this study, but reviewers judged it most appropriate to 


include all data in the analysis for this final report.  


 


2.4  Data Analysis 


In order to test for statistically significant differences in solar energy reaching the stream 


pre- and post-treatment, results were analyzed using the before-after/control-impact 


(BACI) experimental design. Since the objective of this analysis was solely to determine 


if there were overall differences in incoming short-wave radiation to the stream surface 


following BTO harvest prescriptions, this pooled evaluation required the use of site 


means for variables at each study site. These site means were analyzed using paired 


Student’s t-tests between pre- and post-treatment measurements for the 16 solar sites 


(n=16). A method where mean site values were calculated using a ‘differences of the 


differences’ approach was selected where effects from treatment would be determined by 


changes in the relationship between the treatment and reference reaches. This differences 


calculation can be characterized by the following general equation: 


Difference = (Treatpost - Referencepost) - (Treatpre – Referencepre) 


 







Solar Study Report   15 


March 12, 2012 


 


For the purpose of analyzing treatment effects, the two variables were calculated using 


this differences equation to evaluate the following: 


1) DiffWm
-2


: Difference in incoming solar radiation reaching the stream surface. 


2) DiffAtten: Difference in percent solar radiation blocked by canopy from reaching 


the stream surface. Attenuation was first derived for each measurement period by 


dividing the in-stream pyranometer measurement by the hilltop pyranometer 


measurement and is calculated as 1 - (In-stream Wm
-2


 / Hilltop Wm
-2


). 


These variables were calculated as follows: 


DiffWm
-2


 = (Treat W m
-2


post – Reference W m
-2


post) - (Treat W m
-2


pre – Reference W 


m
-2


pre) 


 


DiffAtten = (TreatAttenpost – ReferenceAttenpost) – (TreatAttenpre – 


ReferenceAttenpre) 
 


If there was no treatment effect, the difference between reaches pre-treatment (Treatpre – 


Referencepre) would be equal to the difference between the reaches post-treatment 


(Treatpost - Referencepost). If the DiffWm
-2


 or DiffAtten values as calculated in the 


equations above were significantly different from 0, this would indicate the treatment 


prescription did have an effect.  


Before site means could be calculated for the DiffWm
-2 


and DiffAtten metrics, each site’s 


data were screened for missing/erroneous sensor measurements, mismatched-in-time 


readings between Treatment and Reference pyranometers, and overall validity of each 


measurement period (each loop, each station). Missing/erroneous sensor measurements 


were considered time periods where pyranometer readings did not collect accurate data 


due to equipment malfunctions or user error, and resulting unpaired measurement periods 


were excluded from the analyses. After site measurement period data were verified (up to 


n = 30; see Table 2.1-2) for each site by treatment period, DiffWm
-2


 and DiffAtten were 


calculated by measurement period. Each of the six time loops at each of the 5 station 


locations were averaged to derive station values for each site (n=5). These five station 


location values were then averaged to calculate a site mean value for DiffWm
-2 


 and 


DiffAtten variables.  


Statistical computations were preceded by diagnostic testing for assumptions of normality 


and were conducted using the commercial statistical package “R” (R Development Core 


Team 2009, Ripley 2001). The null hypothesis was that riparian zone harvest would not 


increase the amount of solar energy reaching the stream (HO Δ = 0). Given there are no 


direct mechanisms for riparian harvest to increase riparian shade, treatment effects in 


DiffWm
-2 


and DiffAtten were evaluated with one-tailed tests. These one-tailed paired t-


tests were done with a significance level of =0.05 for increases in DiffWm
-2


 and 


DiffAtten following harvest treatment.  
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3.0 RESULTS  


Results described in this section focus on determining whether statistically significant 


increases in incoming solar radiation or decreases in attenuation exist following 


treatment. As described below, all analyses were conducted on site means; paired t-test 


results are presented followed by a summary of measured values.  


3.1 Pooled Analysis 


Using the pooled site means from the 16 BTO solar sites (n=16), there was no 


statistically significant change (α = 0.05) between pre- and post-harvest time periods for 


both the DiffWm
-2


 (p=0.349) and DiffAtten metrics (p=0.347, Table 3.1-1). Looking at 


site means, the net treatment increase in incoming solar radiation of 3.0 W m
-2


 (DiffWm
-


2
) was not statistically significant. For attenuation (DiffAtten), the net treatment decrease 


of 0.0043, or 0.43%, was not statistically significant. 


The limit of detectability using two pyranometer instruments simultaneously is ±6.4 W 


m
-2


 for DiffWm
-2


, which is greater than the ±3.0 W m
-2


 net treatment effect. Below this 


detectability threshold, small increases in solar radiation equate to no treatment effect, 


and this is confirmed by the one-tailed test (p=0.349). The limit of detectability with three 


pyranometer instruments, using the average hilltop value of 750 W m
-2


, is ±2.3% for 


DiffAtten. Since the -0.43% net treatment effect is below this detectability threshold, this 


change equates to no treatment effect, which is also confirmed statistically (p=0.347).  


Box whisker plots for DiffWm
-2


, Figure 3.1-1, and DiffAtten, Figure 3.1-2, show the 


median net treatment effect and quartile values. Note that median values (middle line 


through the box) are near zero for both metrics, illustrating the lack of significant 


treatment effects for pooled data, and that most values lie near the median (within the 


shaded-box quartiles). 
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Table 3.1-1. Summary of DiffWm
-2


 and DiffAtten values used in pooled paired t-tests.  


 


 


Site 


Reference Reach Treatment Reach Treatment Effect 


DiffWm
-2


 DiffAtten DiffWm
-2


 DiffAtten DiffWm
-2


 DiffAtten 


SF Ahtanum 101.6 -0.1390 32.3 -0.0427 -69.3 0.0963 


Moses Creek Trib 0.7 0.0011 -6.6 0.0055 -7.4 0.0044 


Mill Creek 1.7 -0.0030 3.0 -0.0072 1.3 -0.0041 


Dry Canyon -8.1 0.0027 15.9 -0.0341 23.9 -0.0367 


Long Alec  -17.9 0.0272 -53.0 0.0720 -35.1 0.0448 


NF Foundation -13.2 0.0321 9.5 -0.0006 22.7 -0.0326 


Cole Creek -50.6 0.0899 -2.5 0.0375 48.1 -0.0524 


Lotze Creek -22.8 0.0276 -9.5 0.0255 13.4 -0.0021 


Clark Creek 15.1 0.0009 14.6 -0.0101 -0.5 -0.0110 


Upper Bacon Creek -2.1 -0.0022 1.1 -0.0031 3.2 -0.0009 


Seco Creek -20.1 0.0494 40.5 -0.0198 60.5 -0.0692 


Sema 2 -15.4 0.0560 2.7 -0.0129 18.1 -0.0689 


Sema 1 10.5 -0.0276 -3.6 0.0049 -14.2 0.0325 


Flodelle 3.6 0.0110 2.5 0.0190 -1.1 0.0080 


Tungsten -6.7 0.0057 -11.2 0.0106 -4.5 0.0049 


Sanpoil -17.3 0.0063 -28.4 0.0249 -11.1 0.0186 


Pooled Average -2.6 0.0086 0.4 0.0043 3.0 -0.0043 


 


 
 


 
 
Figure 3.1-1. Box whisker plot showing net treatment effect for DiffWm


-2
.  
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Figure 3.1-2. Box whisker plot showing net treatment effect for Attenuation %.  


  


3.2 Summary of Measured Values 


Pre- and post-harvest treatment reach values are listed below (Table 3.2-1), with 


corresponding solar radiation measurements for the reference reach (Table 3.2-2). 


Looking at the pooled values for the 16 sites, hilltop values of 745.2 (pre-harvest) and 


760.2 (post-harvest) were similar between periods. In the treatment reach, incoming solar 


radiation to the stream averaged 63.1 W m
-2


 pre-harvest, and it increased slightly to 63.6 


W m
-2


 post-harvest. However, percent attenuation also increased slightly, from 91.3% 


(pre-harvest) to 91.7% (post-harvest), indicating slightly more effective shade. In the 


reference reach, incoming solar radiation to the stream decreased from 68.8 W m
-2


 (pre-


harvest) to 66.3 W m
-2


 (post-harvest). This pooled average decrease across the reference 


reaches also corresponded to an increase in attenuation from 90.4% (pre-harvest) to 


91.3% (post-harvest). These values, slight rounding aside, correspond with a net 


treatment increase (DiffWm
-2


) of 3.0 W m
-2


 and an attenuation decrease of 0.43%. 


Incoming solar radiation values ranged from 20.2 W/m
2
 to 134.0 W m


-2
 across all pre-


harvest stream reaches, and this range was 21.9 W m
-2


 to 148.6 W m
-2


 in the post-harvest 


reaches.  
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Table 3.2-1. Solar radiation at the treatment reach, hilltop, and attenuation (mean values 
for the day of measurement). 


 


 


Site 


Pre-Harvest Treatment Reach Post-Harvest Treatment Reach 


Stream 


(W m
-2


) 


Hilltop 


(W m
-2


) 


Attenuation 


(%) 


Stream 


(W m
-2


) 


Hilltop 


(W m
-2


) 


Attenuation 


(%) 


SF Ahtanum 87.1 857.2 89.8 119.4 850.2 85.5 


Moses Creek Trib 81.1 807.0 90.1 74.5 802.5 90.7 


Mill Creek 21.2 710.4 97.1 24.2 710.9 96.4 


Dry Canyon 32.8 775.3 95.8 48.7 713.4 92.4 


Long Alec  98.5 764.1 87.3 45.5 794.6 94.5 


NF Foundation 117.4 742.8 85.4 126.9 831.1 85.3 


Cole Creek 106.9 660.3 82.8 104.3 753.6 86.5 


Lotze Creek 52.0 777.3 92.3 42.6 810.1 94.8 


Clark Creek 36.2 750.0 93.9 50.8 752.8 92.9 


Upper Bacon Creek 33.6 765.8 95.7 34.7 714.2 95.4 


Seco Creek 59.2 606.4 90.2 99.7 776.4 88.2 


Sema 2 27.3 755.9 95.4 29.9 709.0 94.1 


Sema 1 30.1 730.6 95.7 26.5 772.5 96.2 


Flodelle 31.0 635.9 92.2 33.5 665.9 94.1 


Tungsten 71.9 791.4 91.5 60.7 780.6 92.5 


Sanpoil 123.8 793.4 85.5 95.4 725.5 88.0 


Pooled Average 63.1 745.2 91.3 63.6 760.2 91.7 


 
 
Table 3.2-2. Solar radiation at the reference reach, hilltop, and attenuation (mean values for 
the day of measurement).  


 


 


Site 


Pre-Harvest Reference Reach Post-Harvest Reference Reach 


Stream 


(W m
-2


) 


Hilltop 


(W m
-2


) 


Attenuation 


(%) 


Stream 


(W m
-2


) 


Hilltop 


(W m
-2


) 


Attenuation 


(%) 


SF Ahtanum 34.5 857.2 95.6 136.1 850.2 81.7 


Moses Creek Trib 63.0 807.0 92.2 63.7 802.5 92.3 


Mill Creek 20.2 710.4 97.3 21.9 710.9 97.0 


Dry Canyon 37.8 775.3 95.2 29.8 713.4 95.4 


Long Alec  84.7 764.1 88.6 66.8 794.6 91.4 


NF Foundation 134.0 742.8 83.4 120.8 831.1 86.6 


Cole Creek 115.2 660.3 82.7 64.6 753.6 91.6 


Lotze Creek 48.8 777.3 94.2 26.0 810.1 97.0 


Clark Creek 133.5 750.0 82.3 148.6 752.8 82.4 


Upper Bacon Creek 34.8 765.8 95.5 32.7 714.2 95.3 


Seco Creek 91.3 606.4 85.6 71.3 776.4 90.5 


Sema 2 54.7 755.9 87.6 39.3 709.0 93.2 


Sema 1 31.2 730.6 95.6 41.7 772.5 92.9 


Flodelle 27.5 635.9 93.9 31.1 665.9 95.0 


Tungsten 114.3 791.4 86.5 107.6 780.6 87.1 


Sanpoil 76.1 793.4 90.6 58.8 725.5 91.3 


Pooled Average 68.8 745.2 90.4 66.3 760.2 91.3 
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4.0 DISCUSSION  


Changes to incoming solar radiation and effective shade metrics (W m
-2


 and Attenuation) 


following treatment were not found to be statistically significant. Net treatment effects 


were +3.0 W m
-2


 and -0.43% Attenuation, i.e., a small increase in solar radiation and 


decrease in shade. The following discussion explores these net treatment results in more 


detail and provides perspective on what these values mean from the standpoint of stream 


water heating/energy budget. 


4.1 Study Limitations 


The Solar Study was subject to constraints that have the potential to affect the results. 


This report is limited to an examination of the net change between treatment and 


reference reaches following the application of the all available shade rule using a pooled 


analysis. Questions related to the relationship between solar radiation and specific site 


conditions are relegated to a follow-up report. 


The use of a replicated BACI design provides the ability to control for many potentially 


confounding effects (e.g., differences in vegetation), but the design also makes it possible 


for changes in reference reaches to mask treatment effects. Solar radiation was measured 


once pre-harvest and once post-harvest and, because of harvest delays, the period 


between measurements ranged from 1-6 years. If during that period, windthrow or other 


non-treatment related changes in canopy density affected the reference reaches  


disproportionately, the effect of the treatment could be masked. Conversely, false positive 


treatment effects could occur if non-treatment changes in canopy density affected the 


treatment reaches disproportionately. 


Because of the specific site selection criteria used for this study, sites selected effectively 


represent small eastern Washington bull trout overlay streams that are thermally sensitive 


to increases in solar radiation. The study sites were not drawn at random from the bull 


trout overlay, and thus may not be representative of the wide range of streams subject to 


the “all available shade rule”.   


4.2 Pooled Analysis 


The mean differences for DiffWm
-2 


and DiffAtten yielded no statistically significant 


treatment effect. This is not unexpected given that pooled averages in DiffWm
-2


 and 


DiffAtten were only +3.0 W m
-2


 and -0.43%, respectively. Evaluation of confidence 


intervals (C.I.) offers additional insight (Figure 4.2-1). Confidence intervals in the figure 


show no treatment effect even at the 33% confidence level. The figure also shows that an 


average treatment effect of at least 19.2 W m
-2


 would be required to detect a treatment 


effect at the α = 0.05 significance level. 
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Figure 4.2-1. Confidence intervals of DiffWm
-2


 showing 
how the pooled data showed no treatment effect, even 
at the 33% confidence interval.  


 


4.3  Factors Affecting Results for Individual Sites 


Overall differences in DiffWm
-2


 and DiffAtten were small. However, considerable 


variability in DiffWm
-2


 (-69.3 W m
-2 


to +60.5 W m
-2


) and DiffAtten (-6.92% to +9.63%) 


was observed when looking at individual site responses. These ranges in responses could 


be produced by actual treatment effect, other anthropogenic activities, or natural factors. 


Possible factors explaining the variability could include differences in the extent of 


treatment (harvested basal area), age and species composition of the riparian zone, stream 


aspect, stand growth and mortality between pre- and post-treatment measurements, and 


other disturbance factors (e.g., proximity to roads, road construction following the pre-


treatment measurements, harvest history). Treatment effects were not related to the 


magnitude of the pre-harvest radiation values in the reference and treatment reaches 


(Figures 4.3-1, 4.3-2, and 4.3-3). That is, higher or lower shade levels prior to harvest did 


not appear to affect treatment response. 
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Figure 4.3-1. Scatterplot of net treatment effect (DiffWm
-2


) and pre-harvest site averages 
(reference+treatment / 2).  
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Figure 4.3-2. Observed differences (W m


-2
) in treatment reaches and pre-harvest site 


averages (reference+treatment / 2).  
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Figure 4.3-3. Observed differences (W m
-2


) in reference reaches and pre-harvest site 
averages (reference+treatment / 2).  


 


As much as six years elapsed between pre- and post-harvest measurements due to 


delayed harvest of private lands and state timber sales, increasing the potential for non-


treatment effects. This was examined by plotting elapsed time between pre- and post-


harvest measurements and net treatment effects (DiffWm
-2


) (Figure 4.3-4), differences 


(W m
-2


) in treatment reaches (Figure 4.3-5), and differences (W m
-2


) in reference reaches 


(Figure 4.3-6). This examination revealed no systematic effect of elapsed time on 


treatment effects. However, data are insufficient to fully evaluate this concern, and 


delayed harvest may have reduced the ability to detect a treatment effect. 


 


 


R² = 0.0264


-80


-60


-40


-20


0


20


40


60


80


0 500 1000 1500 2000 2500


D
if


fW
m


-2
tr


e
a
tm


e
n


t 
e
ff


e
c
t 


(W
 m


-2
)


Elapsed days between site measurements


 


Figure 4.3-4. Relationship between net treatment effect (DiffWm
-2


) and elapsed time 
between pre- and post-harvest measurements.  
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Figure 4.3-5. Relationship between observed differences (W m
-2


) in treatment reaches and 
elapsed time between pre- and post-harvest measurements.  
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Figure 4.3-6. Relationship between observed differences (W m
-2


) in reference reaches and 
elapsed time between pre- and post-harvest measurements.  
 


Although all measurements were taken mid-summer, differences between pre- and post-


harvest measurement dates potentially affected actual solar angle for a given site (see 


Table 2.1-2). This potential effect on results was reviewed by plotting difference in solar 


angle and net treatment effects (DiffWm
-2


). Figure 4.3-7 shows this relationship.  


Negative difference in solar angle values indicate that the post-harvest measurement was  


 


 







Solar Study Report   25 


March 12, 2012 


 


taken later in the summer when solar angles are less than for the pre-treatment 


measurement. No systematic effect of solar angle differences on treatment effects is 


indicated by these data.  


R² = 0.1081


-80


-60


-40


-20


0


20


40


60


80


-8.00 -6.00 -4.00 -2.00 0.00 2.00 4.00 6.00 8.00


D
if


fW
m


-2
tr


e
a
tm


e
n


t 
e
ff


e
c
t 


(W
 m


-2
)


Difference in Solar Angle


 


Figure 4.3-7. Relationship between net treatment effect (DiffWm
-2


) and difference in solar 
angle between pre- and post-harvest measurements. 


 


The potential for non-treatment effects related to changes in stand characteristics that 


may have occurred between pre- and post-harvest measurements was further examined 


via relationships between elapsed time and basal area, a stand metric provided from the 


companion temperature study. For this examination, changes in basal area between the 


pre- and post harvest measurements within the riparian management zone (RMZ) core 


area, where no trees were removed via harvest, were plotted versus changes in 


attenuation (DiffAtten%). Figure 4.3-8 demonstrates no relationship to treatment effects 


as represented by DiffAtten% to changes in core zone basal area between the pre- and 


post- harvest measurements. Although this current examination was constrained to basal 


area, shade is known to be more closely correlated with tree height and canopy closure 


(Beschta and Wethered 1984; Boyd 1996; Chen et al. 1998; Doughty et al. 1991). 


Relationships of additional stand characteristics to shade may be examined when these 


solar study results are combined with the Shade/Temperature Study.  
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Figure 4.3-8 . Relationship between change in net core basal area and attenuation net 
treatment effect (DiffAtten).  
 


Potential effects of stream azimuth were also examined. Stream azimuth, represented by 


categorizing stream aspect into cardinal direction quartiles, was found to be nearly 


equally distributed. No relationship of stream azimuth to differences (W m
-2


) in treatment 


effect was apparent in either treatment or reference reaches (Figures 4.3-9 and 4.3-10). 
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Figure 4.3-9. Relationship between observed differences (W m
-2


) in treatment reaches and 
stream azimuth (i.e. N=315 to 45; E=45 to 135; S=135 to 225; W=225 to 315).  
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Figure 4.3-10. Relationship between observed differences (W m
-2


) in reference reaches and 
stream azimuth (i.e. N=315 to 45; E=45 to 135; S=135 to 225; W=225 to 315).  


 


The objective of this analysis was to determine if there were overall differences in 


incoming solar radiation to the stream surface following BTO harvest prescriptions. The 


scope of the study did not include quantitative measurements of factors that could cause 


or contribute to changes in solar radiation reaching the streams, pre- to post-harvest. 


However, conditions were observed that potentially affected results, particularly at the 


following four streams:  


 South Fork Ahtanum 


 Cole Creek 


 Sema 1 


 Sema 2 


Observations at each of these sites are summarized below for DiffWm
-2


: 


South Fork Ahtanum: The largest apparent treatment effect occurred at the South Fork 


Ahtanum, a decrease in DiffWm
-2


 of 69.3 W m
-2


. Field observations suggest that 


considerable stand mortality occurred during the five years between pre- and post-harvest 


measurements, a factor supported by increases in radiation observed in both the treatment 


and reference reaches post-harvest. The treatment reach increased from 87.1 W m
-2


 pre-


harvest to 119.4 W m
-2 


 post-harvest, and the reference reach increased from 34.5 W m
-2


 


pre-harvest to 136.1 W m
-2


 post-harvest.  
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Cole Creek: Five years also elapsed between the pre- and post-harvest measurements at 


Cole Creek, where markedly increased riparian vegetation was observed post-harvest. 


This site had substantial streamside alder/hardwood vegetation, and most of the change 


(48.1 W m
-2


) resulted from a 50.6 W m
-2


 decrease in solar radiation reaching the stream 


within the reference reach pre- to post-harvest, whereas the treatment reach only showed 


a 2.6 W m
-2


 decrease. Like the South Fork Ahtanum site, net treatment response was 


more a reflection of reference reach changes rather than treatment reach changes.  


Sema 2: A road was constructed through the treatment reach between the pre- and post-


harvest measurements, causing increased exposure to solar radiation for at least one 


station during two measurements made during the morning post-harvest period. Despite 


the effect of the road, the net increase of 18.1 W m
-2


 was almost entirely attributable to a 


decrease in radiation measured within the reference reach (-15.4 W m
-2


); net change 


within the treatment reach was only 2.6 W m
-2


. 


Sema 1: The stream flowed subsurface beneath large glacial boulders and accumulated 


logs and forest floor debris. Although the differences measured resulted in a decrease of 


14.2 W m
-2


, changes to stream temperature attributable to changes in solar radiation may 


be masked by other energy transfer processes.  


4.4  Summary of Measured Values 


Beyond statistical significance tests and sensor detection limits, it is also useful to 


examine the measured values observationally to assess a potential treatment effect to both 


incoming solar radiation and effective shade (Attenuation). Solar radiation incident on 


stream surfaces averaged 65 W m
-2


 across the 16 sites (Figure 4.4-1).
 
When compared to 


the hilltop average (750 W m
-2


), this equates to greater than 90 percent attenuation; i.e., 


very little incoming solar radiation reached the streams. 


Another interesting note involves the source of calculated treatment effect in DiffWm
-2


 


and DiffAtten. As discussed, the measured changes are not statistically significant and the 


calculated treatment effects are below the detection limits of the pyranometers. 


Moreover, much of the observed change can be attributed to differences within the 


untreated reference reaches. Of the 3.0 W m
-2


 pooled net treatment effect, most (87 


percent) is due to the -2.6 W m
-2


 decrease in the difference calculations from the 


reference reaches (Figure 4.4-1). The net treatment increase for DiffAtten is also caused 


by a decrease in the reference reaches. The mean DiffAttentreat value was a decrease (-


0.43%), but the DiffAttenreference value was a larger decrease (-0.86%). Although mean 


attenuation
 
within the treatment reaches actually increased following harvest, by using 


the differences of the differences approach, the larger change in the reference variable 


equated to a net treatment increase in attenuation of +0.43% [(-0.43% - (-0.86%)) = 


+0.43%]. 
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4.5 Energy Budget Considerations 


Changes in solar radiation discussed above are in absolute terms, without reference to 


potential changes in stream temperature. Solar radiation/temperature relationships within 


the 16 reaches that are the subject of this study will be assessed following completion of 


the companion Shade/Temperature Study.  Nonetheless, it is useful to consider, at least 


on a theoretical basis, the extent to which changes in solar radiation observed during this 


study could increase stream temperature. Such a discussion begins to address the 


following question:  


If solar energy input to the stream increases following application of the all 


available shade rule, do stream temperatures also increase after harvest? 


While direct solar radiation generally is the primary contributor to maximum daily 


summer stream temperature (Adams and Sullivan 1989), thermal response of stream 


waters is also affected by multiple energy transfer processes, including longwave 


radiation, conduction, convection, and evaporation. These processes in turn are dependent 


on reach-specific stream characteristics such as stream flow and velocity, width and 


depth of the water column, local hyporheic exchange, and any ground or surface water 


contributions (or losses) that may occur. Placing the results presented in this report within 


an energy budget context, when constrained by a pooled-site examination and without  
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use of stream characteristics measured in the temperature response companion study, 


presents a challenge. However, energy budgets constructed by Johnson (2004) provide at 


least a crude means for comparison. 


Johnson (2004) studied stream temperature and energy budgets within a small western 


Oregon Cascade stream. Detailed energy budgets were constructed for a bedrock reach 


with no vegetative shade and no visible groundwater input. Stream average wetted width 


was reported as 2.13 m, average water depth as 0.07 m, and discharge as 3.4 L s
-1


; 


hydraulic characteristics that are all within the range of stream conditions observed 


during the solar measurements. Incoming solar radiation, measured with a pyranometer, 


was confirmed as the dominant energy transfer process; mid-day solar input (11:00 to 


13:00) was approximately 860 W m
-2


. Maximum temperature differences through a 150 


m reach were +3.9
o 


C under two experimental conditions: with-shade (solar input of 4 W 


m
-2


) and without shade (solar input of 860 W m
-2


).  


The pooled analysis from the 16 BTO sites yielded no statistical increase and no change 


in pooled mean solar radiation (within system error of ±6.4 W m
-2


). If we disregard limits 


of detection, assume that the overall estimated change of +3 W m
-2


 is real, and assume 


that all other factors are equal, a proportional approach using Johnson’s results can be 


applied. With the BTO results of an increase of +3 W m
-2


 solar input, and the available 


incoming solar radiation (~750 W m
-2


 from the pre- and post-treatment daily hilltop 


values), the estimated temperature increase based on daily values would be: 


(3 W m
-2


 / 750 W m
-2


) x 3.9°C = 0.016°C 


Adjusting for increased distance of exposure (300 m, solar study, versus 150 m used in 


Johnson (2004)) would yield: 


(3 W m
-2


 / 750 W m
-2


) x 3.9°C x (300 m / 150 m) = 0.03°C 


This approximation is admittedly crude, as Johnson’s (2004) shading experiment 


occurred in a bedrock reach compared to the mostly alluvial stream reaches studied 


within this project. However, Johnson also indicated that temperature response may be 


relatively high in bedrock reaches compared to other substrates, so temperature response 


may be more limited in alluvial stream reaches. Regardless, if the estimation of a 


+0.03°C stream temperature response based on empirical data is remotely close in an 


energy budget context, a small increase in solar radiation of 3 W m
-2


 would be expected 


to result in undetectable changes in stream temperature, especially when considering 


sensor errors of ±0.2°C found in typical thermographs. This estimate is based on pooled 


data results, and estimates will vary on a site-specific basis. From a thermodynamics 


standpoint, streams with less flow would generally experience larger changes in stream 


temperature. 
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5.0 CONCLUSIONS  


Using a pooled site methodology for the 16 BTO solar radiation sites in eastern 


Washington, there were no statistically significant increases in incoming solar radiation 


following the prescribed harvest prescriptions over the period of measurement. The single 


hypothesis to be tested for this current report, “There is no significant difference in solar 


energy reaching the stream pre- and post-harvest when the “all available shade” rule is 


applied,” was not rejected. There was an overall calculated change of +3.0 W m
-2


 in 


incoming solar radiation. This was not statistically significant and was within the range of 


system measurement error (±6.4 W m
-2


). When looking at percent attenuation, there was 


a calculated change of -0.43%, which was also not statistically significant and was less 


than the limits of detectability (±2.3%). Application of an approach to gauge potential 


increases in stream temperature given the calculated changes in solar radiation (excluding 


potential measurement error) suggest that the +3.0 W m
-2


 of increased energy would 


result in thermal loading which would be far too small to detect using typical stream 


temperature sensors.  


This report was constrained to a pooled site analysis. Consideration of factors affecting 


treatment response at individual sites was beyond the scope of the analysis for this study. 


However, pooled site examination of extraneous non-treatment effects demonstrated no 


relationship of these effects to solar energy (W m
-2


) received at the stream surfaces and 


solar attenuation. Extraneous factors examined included elapsed time between pre- and 


post-harvest measurements, and changes in solar angle between pre- and post-harvest 


measurement dates. Also examined were pre- to post-harvest changes in stand 


characteristics as represented by RMZ core area basal area, stream azimuth, and pre-


harvest levels of shade. 


Sites selected for this study were not randomly located; they were selected to represent 


small BTO streams sensitive to changes in solar exposure. It was outside the scope of this 


study to assess the potential causes and implications of site specific variability on the 


pooled analysis.  Better assessing the potential causes of the site level responses will be a 


topic examined more completely in the forthcoming Shade/Temperature companion 


study.  


Based on this pooled site analysis, the authors conclude this study of 16 BTO streams 


adequately demonstrated that application of the “all available shade rule” did not cause a 


significant or detectable increase in average solar radiation reaching the stream surface or 


decrease in solar attenuation (shade).  
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Framework for Successful Policy/CMER Interaction 
 


Evaluation of the Effectiveness of the Current TFW Shade Methodology for Measuring 


Attenuation of Solar Radiation to the Stream Final Report 


May 2012 


 
Answers to the first six questions from the Policy/CMER interaction framework document 


(WAC 222-12-045, Section 22) for the ‘Evaluation of the Effectiveness of the Current TFW 


Shade Methodology for Measuring Attenuation of Solar Radiation to the Stream’ study  


 


1. Does the study inform a rule, numeric target, performance target, or resource 


objective? 


Yes. (See number 2 below).  


 


2. Does the study inform the Forest Practices Rules, the Forest Practices Board Manual 


guidelines, or Schedules L-1 or L-2? 


Yes, it informs: 


 Forest practices Rules – WAC 222-30-040 regarding shade requirements to maintain 


water temperature. 


 Forest Practices Board Manual - Section 1 on the method for determination of adequate 


shade requirements on streams. 


 Schedule L1 – Shade measure for the heat/water temperature objective. 


 


This study is referred to as the Solar Radiation/Effective Shade Project in the CMER workplan, 


and the data collected as part of this study is expected to help answer several critical questions 


associated with Eastside Type F Riparian Effectiveness Program. Example: it addresses the 


Schedule L-1 shade performance target for the eastside, which is to ‘leave all available shade 


within 75 feet of designated bull trout habitat.’  


 


Specifically, the study answers the following critical question: 


Does the removal of trees that lie within 22.9 m (75 feet) of the stream, that don't qualify as 


providing shade according to the ”all available shade rule”, affect solar energy reaching the 


stream? 


 


3. Was the study carried out pursuant to CMER scientific protocols (i.e., study design, 


peer review)? 


Yes. The study design went through RSAG, CMER, and ISPR review. The study was carried out 


in close conformance to the CMER and ISPR approved study design.  Some deviations from the 


original study design occurred due to substantial delays in harvesting, as well as to allow 


retention of some sites that did not meet site screening criteria in order to maintain the target 


number of study sites. RSAG, CMER, and ISPR have reviewed the final report. The final report 


was approved by CMER in April 2012.  
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4. A. What does the study tell us?   


The study tells us that based a pooled analysis of16 BTO solar radiation sites in eastern 


Washington, there were no statistically significant increases in incoming solar radiation when the 


all available shade rule was applied over the period of measurement.  The mean change in 


incoming solar radiation was +3.0 W m
-2


, which was within the range of system measurement 


error. Individual site responses were highly variable about the mean response, with 56% of sites 


having a reduction in solar energy after harvesting, and 44% of sites having an increase in solar 


energy. Based on their analysis, the authors conclude that the application of the “all available 


shade rule” did not cause a significant or detectable increase in average solar radiation reaching 


the stream surface or decrease in solar attenuation (shade) in the 16 streams studied.  


 


      B. What does the study not tell us? 
The study does not tell us that there are no changes in shade following harvest under the all 


available shade rule, it merely indicates that if there are changes, they are likely to be small and 


difficult to detect. 


 


This is not a compliance study so it does not tell us whether the study results are representative 


of on the ground operational harvest activities in designated bull trout habitat, which can be 


highly variable. The sites in this study were rigorously laid out by an experienced field scientist 


for the purpose of this study and in compliance with the rules. Harvest activities that don’t 


comply with the all available shade rule may create conditions that vary from those observed in 


this study.    


 


The study does not tell us whether application of the ‘all available shade rule’ is sufficient for 


meeting the functional objective of providing cool water. The study only finds there is a lack of 


any compelling evidence to indicate that timber harvests conducted in compliance with the ‘all 


available shade’ rule is increasing the amount of solar energy reaching the stream.   


 


5. What is the relationship between this study and any others that may be planned, 


underway, or recently completed? 


The Solar Radiation/Effective Shade Project is a companion to the BTO Temperature (Eastside 


Riparian Shade/Temperature) Project, which was designed to evaluate the effectiveness of the 


two shade rules (the standard riparian prescriptions, and the all available shade rule within the 


bull trout habitat overlay).  The BTO Temperature Project is expected to answer questions 


related to changes in stream temperature and differences in stand metrics (e.g. canopy closure 


over the stream) between the standard forest practices eastside rule and the BTO all available 


shade rule.  The Shade/Temperature Project is currently in its initial draft stages and is expected 


to undergo CMER and ISPR review in September 2012, with a final report expected Spring 


2013. 


 


6. What is the scientific basis that underlies the rule, numeric target, performance target, 


or resource objective that the study informs?  How much of an incremental gain in 


understanding do the study results represent? 


There is a strong scientific basis for the concepts underpinning the all available shade rule; 


namely that direct solar radiation has a major influence on maximum daily summer stream 
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temperatures, and that riparian vegetation plays a major role in intercepting and attenuating the 


amount of incoming solar radiation received by streams. 


 


While the scientific basis underpinning the ‘all available shade rule’ is well supported, the 


scientific basis for the methodology used to determine all available shade was less so. The Forest 


Practices Board Manual prescribes using a densiometer to estimate whether post-harvest canopy 


closure remains the same as pre-harvest canopy closure (the determining factor for all available 


shade).  The spherical densiometer is a simple tool whose accuracy, repeatability, and precision 


have often been called into question. The results of this study support continued use of the 


densiometer in laying out inner zone and riparian management zone harvest. This method 


represents the most practical approach to this type of field application given that other methods 


of estimating canopy closure are more time-consuming and expensive to apply. 
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PETER GOLDMARK 
Commissioner of Public Lands 


 
July 31, 2012 
 
 
 
MEMORANDUM 
 
TO:  Forest Practices Board 
 
FROM: Marc Engel, Assistant Division Manager, Policy and Services 
 
SUBJECT: Forest Practices Board Manual 
 
Forest Practices staff is planning to initiate development of the Forest Practices Hydraulic Project 
section of the Board Manual in September. This Board Manual section is required by 2ESSB 6406 and 
will be completed in calendar year 2013. 
 
If you have any questions feel free to call me at 360.902.1390. 
 
ME/ 
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NORTHERN SPOTTED OWL IMPLEMENTATION TEAM 
WORK PLAN  


 
On February 10, 2010 the Forest Practices Board (Board) accepted the consensus recommendations of the Northern Spotted Owl Policy Working Group, 
and directed DNR to form an Implementation Team (NSOIT) of five members: DNR, WDFW, industry, conservation caucus, and a land trust group.  
 
The Board also directed the NSOIT to develop a work plan, including prioritization, and directed the team to coordinate with the federal agencies with 
regard to the Barred Owl control experiments.  
 
In addition, the Board directed the NSOIT to formally convene a technical team to assess spatial and temporal allocation of conservation efforts on 
nonfederal lands using best available science.  
 
While the Board has been provided regular status updates of the NSOIT’s work items, the following represents the group’s formal prioritized work plan, 
and is intended to provide information relative to the status and next steps of each recommendation. Information in the work plan will be modified as 
progress is made on existing tasks, when new tasks are identified, etc. 
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Item Status Next Steps 
Endorse a Voluntary Incentives 
Program For Landowners to Achieve 
Conservation Goals  


Bettina Von Hagan (EcoTrust) & Cindy Mitchell (WFPA) 
interviewed an expert in the field of forest incentives (Becca 
Madsen, Biodiversity Program Manager at Ecosystem Marketplace, 
Washington, D.C.) and have provided background material to the 
NSOIT on various ecosystem service markets around the world. 
They also included links to suggested reading as well as contacts for 
the various markets. 
 
House Bill 2541 was passed in 2010, and will dovetail with efforts 
of the NSOIT. DNR is required to develop landowner conservation 
proposals, including both markets and conservation easements, 
which support forest landowners by December 31, 2011. In the 
development of the proposals, the DNR must consult with the 
Board, Indian tribes, small forest landowners, conservation groups, 
industrial foresters, and state, federal, and local government. The 
proposed initiatives, if any, must be presented to the Governor, the 
Legislature, the Commissioner of Public Lands, and the Board. The 
DNR must also offer to present its findings to the Washington 
congressional delegation, local governments, and appropriate 
agencies of the federal government. 
 
Paula Swedeen attended the World Resources Institute/American 
Forest Foundation Conference in Madison, WI at the end of June and 
led a discussion session on incentives for owl conservation.  
Participants gave the following recommendations: 1) Develop a 
state-level “Conservation Stamp” program similar to the federal 
Duck Stamp program that is used for wetlands conservation.  
Commission artists to design stamps, sell them with hunting 
licenses and at recreational good stores, legislatively protect the 
proceeds so they are used for buying easements on owl 
habitat/restoration areas; 2) Raise funds from development impact 
fees; 3)Take advantage of overlap of funds from other ecosystem 
service priorities such as source drinking water protection areas 


1. Have a discussion on which 
market(s) and/or framework 
would work best for NSO 
habitat in WA 


 
2. Develop a list of questions 


relative to NSO habitat markets 
possibilities for future 
conference calls w/ experts. 


 
3. Pending NSOIT follow-up: 


recommend to FPB inclusion of 
NSO habitat outside of SOSEAs 
for RHOSP.  


 
4. The NSOIT Technical Team 


process includes developing 
incentive-based 
recommendations to best 
achieve desired conservation 
outcomes from biological 
recommendations; their work 
will help inform the NSOIT of 
voluntary incentives programs 
for landowners to achieve 
conservation goals.   
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and watersheds important for salmon; 4) prioritize funds in next 
Farm Bill (all acknowledged challenges in current federal budget 
climate).  Mark Nechodem, Special Assistant to Secretary Vilsack 
agreed that targeting funds from the Farm Bill like the Healthy 
Forest Reserve Program, was a good idea, and he would help us 
advocate for it. 
 
The Encumbered State Forest Land Transfer program, enabled in 
2009, provides the necessary tools for the state to maintain long-
term working forests and trust revenue to small rural counties. It 
does so by acquiring productive working forest lands to replace 
State Forest lands encumbered by harvest restrictions due to 
Endangered Species Act-listed species, thereby maintaining the 
corpus of the State Forest trusts. Encumbered habitat lands have to 
meet two requirements. They have to (a) be located in counties 
with a population less than 25,000, and (b) be encumbered with 
timber harvest deferrals that are associated with federal ESA-listed 
wildlife species and greater than 30 years in length. Lastly, when 
transferred, lands that meet these criteria must be appraised at fair 
market value without consideration of management or regulatory 
encumbrances associated with the listed species’ habitat. Once 
transferred using the Trust Land Transfer program, lands are 
placed in Natural Resources Conservation Areas. 
 
DNR submitted a report to the Legislature in October 2010 detailing 
implementation of the program, including an estimate of its overall 
cost. DNR then submitted to the 2011 Legislature a FY 11-13 
funding proposal of $2 million to begin implementation of the 
program. The proposal, funded in the capital budget, will allow DNR 
to transfer three small encumbered properties, one each in Pacific, 
Wahkiakum and Skamania counties. While the timber value will go 
to the beneficiaries of the trusts, the land value identified in the 
appraisal will go to a revolving fund to be used for the purchase of 
new unencumbered forested trust lands to be managed for the long 
term benefit of those beneficiaries.  


Support an Action Program: 
Outreach to Owners Of Specific 


The NSOIT has disused this item, which is intended to conduct 
outreach to specific landowners who may wish to secure important 


Work on this will be enhanced after the 
team convenes and obtains results from 
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Lands Inside And Outside Of SOSEAs  
 


NSO habitat that is currently not protected.   
 


the Board-mandated Technical Team, 
which will assess the spatial and 
temporal strategic allocation of 
conservation efforts on nonfederal 
lands. See the last item on this work 
plan.  
 
Develop communication strategy, 
including possible outreach materials 
for distribution once mechanisms are in 
place. Cindy (WFPA) has expressed 
interest in assisting the NSOIT with the 
outreach program once this component 
is ready to be addressed.  


Promote Barred Owl Control 
Experiments and Research  
 


The U.S. Fish and Wildlife Service is the lead agency on Barred Owl 
control experiments, and the NSOIT is coordinating with the Service 
on the progress of these experiments, through the Barred Owl 
Working Group operating within the context of the Northern 
Spotted Owl Recovery Planning process.  


Update as of October 2011 from the 
Barred Owl working group is enclosed 
below. *  


Continue the Current Decertification 
Process for owls Sites During a 
Transition Period  
 


This item has been accomplished.  
 
The Forest Practices Board adopted a permanent rule in May 2010 
which establishes a three-member, multi-stakeholder Spotted Owl 
Conservation Advisory Group that makes a determination on 
whether owl site centers and surrounding habitat is important to 
the Northern Spotted Owl while the Forest Practices Board 
determines a long-term strategy for spotted owl habitat 
conservation. The Advisory Group makes their determination after 
the Department of Fish and Wildlife determines that surveys for 
Northern Spotted Owls have met survey protocols that indicate the 
absence of spotted owls.  
 


Membership was updated last May. 
Members are Bridget Moran, Marty 
Vaughn and Kara Whittaker. To date, 
the Conservation Advisory Group has 
not been convened. 
 


Initiate Two Washington Pilot 
Projects for Thinning and Habitat  


 
1. A FPB Pilot Rule was adopted to allow one pilot project with 


Longview Timber in the Entiat SOSEA. The project would 
explore whether thinning in highly stocked suitable owl 
habitat will improve habitat quality and is operationally and 


Eastside Pilot: This pilot is currently 
underway. Project team members have 
been identified to staff the Entiat pilot. 
The pilot team held an initial meeting 
on June 25th to go over stand data 
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economically feasible. Efforts to secure funding to conduct 
the thinning project have not been successful.  


 
2. A Section 6 grant application was submitted to thin and defer 


Westside forest with the goal of accelerating NSO habitat 
development. This application was not funded.  


 


produced by Longview Timber and 
began discussing logistics. Members 
will take a field tour to the pilot 
location in late August. It is anticipated 
that an additional meeting will be held 
subsequent to the field tour in order to 
begin scoping a process for developing 
prescriptions for thinning overstocked 
suitable spotted owl habitat. Initial 
planning up front will assist Andy and 
Lauren in developing grant proposals 
for funding to support the planning and 
implementation phases of the pilot.  
 
 
Westside Pilot: Non-profits (Pacific 
Forest Trust and Seattle Audubon) are 
working to advance owl-related Section 
6 projects with landowners for the 
2012 funding cycle. 


Support Identification and Design of 
a Flagship Incentive Project  


The concept is to test incentives options on a landscape scale, 
possibly w/ multiple landowners, in order to achieve significant 
conservation value and competitive, economically sustainable 
forest management.  
 


Investigate and possibly find areas of 
opportunity to learn from or 
collaborate with other efforts, i.e., 
Tapash Collaborative, Oregon Safe 
Harbor Agreement, etc.  
 
Further efforts are contingent on 
information obtained from incentive 
pilots, funding, etc.  A pilot under the 
auspices of ESHB 2541 in the Nisqually 
River Basin is in early planning stages.  
Landowners and other participants in 
the pilot are interested in having a 
component focusing on owls, in 
addition to murrelets, water, and 
possibly carbon.   


Approve Measures of Success  “Measures of Success” were recommended to the FPB, which Re-assess previously proposed 
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accepted the final report of the Northern Spotted Owl Policy 
Working Group. 
 


“Measures of Success,” determine if 
they provide the proper metrics. 
Consider updating and reporting FPB.  


Convene a Technical Team to Assess 
Spatial and Temporal Allocation of 
Conservation Efforts on Nonfederal 
Lands Using Best Available Science  
 


This is the current focus of the NSOIT. 
 
The technical team component of our work plan has commenced 
now that the Final Northern Spotted Owl Recovery Plan and draft 
Critical Habitat rule has been released, which contains critical 
modeling tools intended to assess the importance of different 
scenarios of blocks of land to be managed for the Northern Spotted 
Owl. During the NSOIT meeting last August, Brian Woodbridge gave 
a presentation on how modeling information can be useful for WA 
State.  
 
Last March, Ken Berg (USFWS) presented information on the draft 
NSO Critical Habitat and draft Barred Owl EIS to the NSOIT and 
Technical Team. The final Critical Habitat rule will be available on 
November 15, 2012. In April, the Technical Team held a meeting 
with Brian Woodbridge (USFWS) and discussed how we can 
cooperate with the USFWS modeling team to answer key analytical 
questions developed by the Technical Team. 
 


The Technical Team is currently 
developing federal and non-federal 
baseline scenarios to compare against 
future modeling runs. In addition, the 
team is currently working on 
determining how much can already be 
answered with existing information 
and identifying what would need to be 
answered with additional modeling 
runs.  
 
 
 


*Barred Owl Working Group (BOWG) Update:  
 


The USFWS is working on the EIS and the Barred Owl Working Group has been briefed on progress with the draft EIS.  The EIS will contain a range of alternatives with a variety 
of scenarios, allowing USFWS to evaluate the effects of a variety of approaches and develop a final decision based on a variety of alternative components.      
 


The BOWG has previously recommended an   experimental design involving 3 current demography study areas (including the Cle Elum study area in WA and two sites in OR). 
This will continue to be evaluated in the EIS process, along with other alternatives.  The general experimental design would involve dividing each study site into control (no 
removal) and treatment (Barred Owl removal) areas. The analysis would involve comparing spotted owl population responses between the control and treatment areas. The Cle 
Elum study area is largely on federal lands. All alternatives will receive serious consideration, though some have complications, such as difficult access, small sample sizes, or 
substantially less robust analysis methods.  
 


There is not a lot of activity on this issue outside the USFWS EIS work. If NSOIT would like more information we can contact Jim Thrailkill (Chair of the BOWG) or Robin 
Brown (USFWS lead on the EIS).  
 


Other Processes the NSOIT is tracking that might be relevant and fruitful:  
WWRP appraisal process  
Funding 
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MEMORANDUM 
 


 
July 19, 2012 
 
TO:   Forest Practices Board 
 
FROM: Marc Engel, Assistant Division Manager, Policy and Services 
 
SUBJECT:  Rule Making Activity and 2012 Work Plan 
 
Following is an update on rule making activity (see attached Gantt chart for schedule). 
 
Conversion Activities and Forest Practices Applications - Staff will request your approval to 
initiate rule making that will incorporate changes from Senate Bill 5883 (2007 legislation) and 
HB 1582 (2011 legislation) relating to conversions. The rule proposal also includes some 
changes related to Second Engrossed Substitute Senate Bill 6406 (2012 legislation).  
 
2ESSB 6406 - Staff continue to review the legislation to determine the necessary amendments to 
incorporate the hydraulic project approval program into the Forest Practices rules. A draft rule 
proposal to initiate rule making is expected at your November meeting.  
 
WAC 222-16-080 Critical Habitat – Staff will request your approval to notify the public the 
Board is considering rule making to amend rules relating to which wildlife plans are required to 
be reviewed under the State Environmental Policy Act and the critical habitat definition for gray 
wolf. 
 
Also attached is a status update on your 2012 Work Plan. 
 
If you have any questions feel free to call me at 360.902.1390. 
  
paa/ 
Attachment 


 







ID Task Name Start Finish


0 2012-2013 Rule Making Schedule Thu 1/5/12 Mon 7/1/13
1 Conversion Activities / FPA Thu 1/5/12 Mon 12/31/12
2  CR101 Thu 1/5/12 Tue 2/14/12
3  CR102 (CBA, SBEIS, SEPA) Wed 8/15/12 Tue 11/13/12
4  CR103 Wed 11/14/12 Mon 12/31/12
5  Estimated effective date Fri 12/21/12 Mon 12/31/12
6 WAC 222-16-080 Fri 6/15/12 Mon 12/31/12
7 CR101 Fri 6/15/12 Tue 8/14/12
8 CR102 (CBA, SBEIS, SEPA) Wed 8/15/12 Wed 11/14/12
9 CR103 Wed 11/14/12 Fri 12/21/12


10 Estimated effective date Fri 12/21/12 Mon 12/31/12
11 HPA/FPA (2ESSB 6406) Tue 4/3/12 Mon 7/1/13
12 CR101 Tue 4/3/12 Tue 5/8/12
13 CR02 (CBA, SBEIS, SEPA) Wed 5/9/12 Wed 2/13/13
14 CR103 Thu 2/14/13 Wed 5/8/13
15 Estimated effective date Thu 5/16/13 Mon 7/1/13


2/14
8/15 11/13


11/14 12/31
12/21 12/3112/21 12/31


6/15 8/14
8/15 11/14


11/14 12/21
12/21 12/31


4/3 5/84/3 5/8
5/9 2/13


2/14 5/8
5/16 7/1


Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan M
Qtr 1, 2012 Qtr 3, 2012 Qtr 1, 2013 Qtr 3, 2013 Qtr 1, 2014 Qtr 3, 2014 Qtr 1, 2015 Qtr 3, 2015 Qtr 1, 2016
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FOREST PRACTICES BOARD 
2012 WORK PLAN 


Italicized = change/addition        Updated August 2012 


TASK COMPLETION 
DATE/STATUS 


Work Planning for 2013 November  
Adaptive Management Program   
• CMER 2013 Work Plan and Budget May - Completed 
• Extensive Riparian Shade and Trend Monitoring Type F/Eastside 


Temperature Study 
2013 


• Extensive Riparian Type F&N Monitoring/Westside Temperature 
Study 


2013 


• The Mass Wasting Effectiveness Monitoring Project: A Post Mortem 
Study Examination of the Landslide Response to the December 2007 
Storm in Southwestern Washington 


2013 


• Program Funding On-going 
• Solar Radiation Study August - Completed 
• Westside Type N Buffer Characteristics, Integrity & Function August - Completed 
Annual Reports   
• Compliance Monitoring Bi-Annual Report February - Completed 
• Forests and Fish Policy Priorities August - Completed 
• Northern Spotted Owl Conservation Advisory Group November 
• Taylor’s Checkerspot Butterfly Report February - Completed  
• TFW Cultural Resources Roundtable  August - Completed  
• Clean Water Act Assurances May - Completed 
Board Manual Development   
• Section 1, Shade 2013 
• Section 7, Riparian Management Zones 2013 
• Section 16, Unstable Slopes 2013 
• Section 24, Bull Trout Overlay 2013 
CMER Membership As needed 
Rule Making   
• Legislative changes to conversions and forest practices applications November 
• Critical Habitats February - Completed 
• WAC 222-16-080 Critical habitat February 2013 
• 2ESSB 6406 November 2013 
• Forestry Riparian Easement Program  May - Completed  
• Notice of Forest Practices to Affected Indian Tribes February - Completed 
• Pilot Rule for Soft Rock Study May - Completed 
Upland Wildlife - Northern Spotted Owl On-going 
Quarterly Reports   
• Adaptive Management Program & Strategic Plan Implementation  Each regular meeting 
• Board Manual Development Each regular meeting 
• Compliance Monitoring Each regular meeting 
• Clean Water Act Assurances February - Completed 
• Forests and Fish Policy Work Priorities Each regular meeting 
• Legislative Update February & May - 


Completed 







FOREST PRACTICES BOARD 
2012 WORK PLAN 


Italicized = change/addition        Updated August 2012 


TASK COMPLETION 
DATE/STATUS 


• NSO Implementation Team Each regular meeting 
• Rule Making Activities Each regular meeting 
• Small Forest Landowner Advisory Committee & Office Each regular meeting 
• TFW Cultural Resources Roundtable Each regular meeting 
• Upland Wildlife Working Group Each regular meeting 
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MEMORANDUM 
 
 
July 19, 2012 
 
TO:  Forest Practices Board 
 
FROM: Tami Miketa, Manager, Forest Practices Small Forest Landowner Office 
 
SUBJECT: Small Forest Landowner Office and Advisory Committee 
 
Forestry Riparian Easement Program (FREP)   
DNR is continuing to receive new applications for the FREP. There are currently 87 landowners 
that have applied for a forestry riparian easement (FRE) with a total of 96 applications on file 
(some landowners have more than one FRE application). With the funding for this biennium (FY 
2012 – 2013), it is anticipated the Small Forest Landowner Office will determine compensation 
values for approximately 50 individual riparian easements, and will provide compensation for 
approximately 8 to 16 Forestry Riparian Easements. 
 
Rivers and Habitat Open Space Program (R&HOSP)  
Like the Forestry Riparian Easement Program, the Riparian Open Space Program was a product 
of the 1999 Forests and Fish Law (Engrossed Substitute House Bill 2091). It was codified in the 
Forest Practices Act (chapter 76.09 RCW) and adopted as a rule in chapter 222-23 WAC. The 
2009 Washington State Legislature passed a new bill (HB 5401) that amended the Riparian Open 
Space Program to include habitats (state) for threatened and endangered species as eligible for 
purchase as conservation easements.. The Forest Practices Board adopted the Rivers and Habitat 
Open Space Program rules, effective June 19, 2011, which revised the rules to reflect the 
changes to the law. The Rivers and Habitat Open Space Program differs from the Forestry 
Riparian Easement Program in that it is available to all forest landowners, not just small forest 
landowners.  
 
The Rivers and Habitat Open Space Program helps ensure the long-term conservation of aquatic 
resources and upland habitats. The program acquires conservation easements on lands and timber 
within a specific type of channel migration zone known as an “unconfined channel migration 
zone.” It also acquires easements to conserve habitats (state) of threatened and endangered 
species.  
 
A channel migration zone is the area where the active channel of a stream is prone to move in the 
near term. Unconfined channel migration zones are generally larger water bodies, have less than 
2 percent gradient and are found in a valley more than four times wider than the bank-full width 
of the channel. These areas typically have very high ecological value as spawning and rearing 
habitat for salmon and other fish species. Under the Forest Practices Rules, no timber harvesting 
or road construction may occur within channel migration zones due to their ecological 
importance.  
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The Forest Practices Rules protect critical habitat of ten upland species, two of which are the 
northern spotted owl and the marbled murrelet. Critical habitat is a federal designation that 
makes a special effort to protect the important characteristics that will assist in the recovery of 
the threatened or endangered species. Landowners that own forest land that is determined to be 
critical habitats (state) for these species are eligible to grant to the State a perpetual conservation 
easement under the Rivers and Habitat Open Space Program. 
 
DNR screens applications, prioritizes qualifying applications, and acquires conservation 
easements based on available funding. There was no money allocated for the Rivers and Habitat 
Open Space Program for the FY11-13 funding period. When funding becomes available, 
applications for channel migration zones will be prioritized separately from applications for 
habitats (state) of threatened and endangered species. Applications will be prioritized based on 
conservation benefits and landowner management options.  
 
The following table shows the budget allocated by the Washington State Legislature for the 
Rivers and Habitat Open Space Program, and the acres purchased since program inception. 
 


Fiscal Year 
Budget 


Allocated Amount Spent 
Number of 


Transactions 
Acres 


Purchased 
01-03 $1,000,000 $1,000,000 3 387 
03-05 $1,000,000 $500,000 5 197 
05-07 $2,000,000 $0 0 0 
07-09 $2,200,000  $2,200,000 4 339 
09-11 $500,000 $460,000 4 119 
11-13 $0 $0 0 0 


 
The $500,000 left over from FY03-05 was reallocated for FY05-07. All of the $2 million from 
FY05-07 was reallocated for FY07-09. There were no transactions for FY05-07 because 
applicants withdrew due to values lower than anticipated, or lands that were not eligible. There 
were 11 applications for FY09-11, of which eight were eligible. DNR assembled a Technical 
Selection Committee that determined the priority of funding of the eligible applications for the 
$500,000 allocated for the FY09-11 funding period. 
 
The program is administered by the Department of Natural Resources, but it requires funding 
from the State Legislature. The last several years have seen decreasing state government 
revenues, which has resulted in agency budget shortfalls. Hopefully, as state government 
revenues increase or other funding sources become available sometime in the future, this 
program will receive funding. Until then, DNR feels it is important to determine the level of 
interest in this program by the forest landowner community of Washington State and to establish 
a list of potential interested participants. DNR is asking forest landowners to indicate their 
interest in submitting an application (once funding becomes available) by filing a Notice of 
Intent form with DNR. This Notice of Intent is not an application for this Program. DNR will 
gather the results of this survey of interest in this program and establish a list of potential 
participants. This list will be available in early November 2012 to budget makers and any other 
interested parties.  
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Long Term Applications (LTA’s) 
A long-term forest practices application is submitted and reviewed in two steps.  There are a total 
of 96 approved long term applications; this is an increase of 6 approved applications since 
04/09/2012. 
 
LTA Decision LTA Phase 1 LTA Phase 2 TOTAL 
Approved 0 96 96 
Closed 4 3 7 
Disapproved 1 1 2 
Rejected 10 0 10 
Under Review 8 6 14 
Validated 19 0 19 
TOTAL 42 106 148 
 
 
Family Forest Fish Passage Program (FFFPP)  
To date, 232 barriers have been corrected, reconnecting 485 miles of fish habitat statewide. The 
FFFPP was allotted $2 million for the FY 2011-2012 biennium.  
 
In 2012, a welcome opportunity presented itself in the Legislature with the passage of Engrossed 
Senate Bill 6074. This bill identified funding allotments for capital projects, and the FFFPP 
received $10 million dollars to be applied toward additional fish barrier corrections.  For the 
2012 construction season, the FFFPP will replace 17 fish barriers.  It is estimated that with the 
$10 million received for this program, an additional 88 fish passage barriers will be corrected at 
an average cost of $102,154.00 per project. 
 
This year, the FFFPP solicited proposals to create a video of FFFPP projects. The purpose of this 
video is to provide outreach to landowners that will promote FFFPP and educate small forest 
landowners about the program.  The anticipated outcome of this video is to increase landowner 
enrollment for participation and to potentially increase funding opportunities based on increased 
enrollment to FFFPP. The message is directed specifically to non-industrial private forest land-
owners, other conservation professionals, as well as governmental and non-governmental 
representatives throughout the state of Washington.   
  
At least three small forest landowner stories will be filmed and documented for this project. 
These stories will reflect on the personal experience landowners had working with the FFFPP 
staff, and the level of satisfaction they have regarding the FFFP program. Interviews with 
professionals involved in FFFPP and in salmon habitat restoration projects will also be filmed 
and documented. 
 
Small Forest Landowner Outreach  
The Small Forest Landowner Office distributed the April and June editions of the Small Forest 
Landowner News. The Small Forest Landowner Survey continues to remain open indefinitely to 
request information regarding the demographics of our landowners. The small forest landowner 
website is continuing to transform. Our new look should be up and running soon. 
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Forestry Riparian Easement Program Outreach 
• At the request of the Washington State Legislature, DNR had been tasked to investigate 


potential permanent funding sources for FREP. Public meetings were held to initiate a 
conversation with relevant stakeholders on the subject. A report of the recommendations 
from the public meetings was sent to the legislature on May 31, 2012. 


• The Forestry Riparian Easement Program has updated its webpage, educational materials, 
and increased interactions with stakeholders at Timber Fish and Wildlife (TFW) and 
Region District Meetings to inform the constituents about the changes and updates of the 
FREP.  


Family Forest Fish Passage Program Outreach 
• The Family Forest Fish Passage Program (FFFPP) now has the application to the 


program available online at http://www.surveymonkey.com/FFFPP. Updates have been 
made to educational materials including: brochure, fact sheet, contact list, program 
guidelines, and frequently asked questions.  


• The FFFPP has increased its presence at TFW meetings, Region District meetings, SAF 
meetings, and Washington Farm Forestry Association meetings. The program is 
continually looking for quality projects to ensure that the worst projects are fixed first. 
The program is also collaborating with fish enhancement groups to act as sponsors to the 
program.  


• The FFFPP created a survey in Survey Monkey to landowners who have participated in 
the program. The survey was used for comments on the construction process and 
landowner testimonials and quotes about the program for promotional materials. 


Alternate Plans Outreach 
To assist landowners in the process of creating an alternate plan the SFLO has developed an 
Alternate Plan Assistance Guide to be posted on the small forest landowner webpage. The 
reference material is provided as a tool to help landowners evaluate the resources needed to 
address as part of the alternate plan process. 
 
Forest Stewardship Program Outreach 


• Collaboration with WSU extension to host three Forest Owners Field Days across 
Washington State. WSU extension and DNR worked together on promotional materials 
for the event and work together to facilitate each event.  


• The Forest Stewardship Program promotes many of its events and classes through the 
SFL News.  


• An educational brochure was created to promote the Eastern Washington cost-share 
program in Eastern Washington to improve forest health and reduce wildfire and bark 
beetle risk. 


Long-term Applications Outreach 
The Small Forest Landowner Advisory Committee with assistance from the SFLO conducted a 
survey about the Long-term Application (LTA) process. The Committee wanted to know if 
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practitioners were aware of the LTA process and if they thought private landowners used this 
application on a regular basis. The survey was taken by 89 individuals. 
 
Grant Applications 
The Small Forest Landowner Office is continuing to seek out any and all grant opportunities to 
support the programs.  The following table shows the grants applied for in 2012. 


Grant Proposal Status 


2012 Western Competitive Resource 
Allocation Grant 


2 grant proposals submitted: Absentee 
Outreach  ($130,000 – received funding), and 
Columbia fish passage ($300,000 – no 
funding) 


Natural Resources Conservation Service’s 
Puget Sound Salmon Recovery Partnership 
Grant 


Grant received May 2012. The grant will 
provide fish passage projects to three 
landowners through NRCS EQIP funding 


2013 National Fish and Wildlife Foundation’s 
Conservation Partners Grant in partnership 
with Northwest Natural Resources Group 
(NNRG) 


Pre-Proposal submitted June 2012 and invited 
to submit full proposal by August 2, 2012. 
This grant will conduct road inventories on 
SFL properties, fix fish passage barriers, fix 
road surface erosion and sediment delivery 
where it exists, as well as promote ecological 
forestry options to landowners. 


 
The SFLO has goals to continue to provide the highest quality of outreach to the small forest 
landowners. The Office will continue to pursue the use of media and social media to inform the 
public on the programs and the resources offered by the SFLO. Another important goal of the 
SFLO is to solicit feedback from users and track our outreach activities to ensure its 
effectiveness. 
 
Forest Stewardship Program  


• Interagency MOU Completed and Signed 
An interagency Memorandum of Understanding between agencies who provide services 
to family forest owners has been adopted and signed by all parties.  The MOU clarifies 
roles and promotes coordination, communication, cooperation, operational efficiency, 
and effective service delivery.  Participating agencies are: DNR, WSU Extension, USFS, 
NRCS, WA Conservation Commission and the WA Association of Conservation 
Districts.  It replaces an earlier MOU dating back to 1993 and complements a similar 
agreement amongst comparable agencies and organizations at the national level. 
 


• Regional Forest Owners Field Days  
The Eastern WA Forest Owners Field Day was held Saturday June 16 near Newport, 
Washington and was a huge success with almost 300 people from throughout NE 
Washington and North Idaho attending the daylong event. The Western WA Forest 
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Owners Field Day is scheduled for August 18 near Maytown.   
 
Nearly 10,000 family forest owners have attended 29 Regional Field Day events at 27 
different venues since 1996, including 12 Interstate events with Idaho and Oregon.  The 
Field Days have proven to be an excellent means of attracting “new” forest owners who 
have not previously received forestry education or assistance. 
 


• Additional Stewardship Forester Position to be Reinstated in Western WA 
Due to the elimination of state funding in July 2009, 2 of the 3 then existing Stewardship 
Forester positions were eliminated leaving a single Olympia-based forester to provide 
service for all of Western Washington supported by funds from the US Forest Service 
and WSU Extension.  The legislature recently appropriated enough funding for the 
current biennium to enable DNR to resurrect one additional Stewardship Forester 
position to serve Western Washington.  Work is currently in progress to formally 
establish the position. 


Small Forest Landowner Advisory Committee  
The advisory committee was convened on April 27 and June 27, 2012 to discuss topics of 
interest. The next meeting has not been scheduled. 
 
Please feel free to contact me at (360) 902-1415 or tamara.miketa@dnr.wa.gov if you have 
further questions. 
 
TM/ 



mailto:tamara.miketa@dnr.wa.gov





Cultural Resource Roundtable  


July 20, 2012 


 


MEMORANDUM 


TO:   Forest Practices Board 


FROM:   Timber/Fish/Wildlife Cultural Resources Roundtable Co-Chairs 
  Jeffrey Thomas, Puyallup Tribe of Indians 
  Peter Heide, Washington Forest Protection Association 
 


SUBJECT: Quarterly Report of Timber/Fish/Wildlife Cultural Resources Roundtable Covering the 
Period April through June, 2012 


 
The TFW Cultural Resources Roundtable is pleased to submit our second quarter 2012 report to the 
Forest Practices Board.  


Again, the report is in the form of the Roundtable’s Action Item list. This list is reviewed every month by 
the Roundtable and updated here to reflect current activities. Changes from the May report are 
highlighted in red and italic print. 


Please note the completion of the streaming video mentioned in the May report and the completion of 
a survey on the effectiveness of the Cultural Resources Protection and Management Plan that forms the 
basis for much of the work of the Roundtable.  


Jeffrey is looking forward to your August meeting where he will present the Roundtable’s annual report 
providing a comprehensive view of the past year of Roundtable activities. Peter will be on vacation and 
unable to attend. However, through August 8th, please do not hesitate to contact either of us with 
questions or comments on either of these reports: 


jeffrey.thomas@puyalluptribe.com and (253) 405-7478l  


pheide@wfpa.org and (360) 791-8299 


 


Enc.  



mailto:jeffrey.thomas@puyalluptribe.com

mailto:pheide@wfpa.org





1


7/20/2012 Changes from the previous 
report are in Red or Italics


Priority Lead Status Next Action Relationship to the 
CRPMP


High 1 Allyson 
Brooks


On hold due to 
state budget 


situation


High 2 Educational Program and 
Commitments


Scope the guidance/manual project to develop a detailed 
description and outline of the proposed guidance or manual. Complete


Work products:1) Guidance for T/F/W stakeholders, 2) Guidance 
specific to forest landowners, and 3) Guidance specific to Tribes.


Co-Chairs 
and DAHP In progress


Review completed drafts, 
prepare drafts on remaining 
sections. 


Post Roundtable guidance documents and other information and 
training material on the DNR Forest Practices web site On going


High 3 Roundtable In progress


Stephan Dillon will forward the 
links he uses to identify 
historic features to Lee who is 
working on a flyer to distribute 
through DNR offices and on 
the Web


Making available tools to 
improve identification and 
recognition of cultural resources 
in the field


Include information about historic sites in the instructions for 
question 7 of the forest practices application. Sherry Scoping Develop a draft


Medium 5 Individual 
Caucuses


Currently the 
position has 1/2 
time funding [


Present the case for support at 
the proposed Forest and Fish  
legislative goals and priorities 
meeting in advance of the 
opening of the 2013 
Legislature


DNR Forest Practices Program 
support


Medium 7 On hold Waiting for the next opportunity  Board Manual Section 11 
Appendix J


T/F/W Cultural Resources Roundtable


Action Items


Seek funding for a CR Module pilot project


Individual caucuses will support funding in the biennium 13-15  budget 
for a full time position at DAHP for the maintenance of CR data in 
support of the forest practices risk assessment tool.


Prepare the cultural resource guidance documents and tools as agreed 
to in the CRPMP 


Improve knowledge and use of the GLO, historic and current USGS 
quad maps and other publicly available information to identify historic 
features recognized during 19th century land surveys.


Seek funding and staff support for the Roundtable's work
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7/20/2012 Changes from the previous 
report are in Red or Italics


Priority Lead Status Next Action Relationship to the 
CRPMP


T/F/W Cultural Resources Roundtable


Action Items


        Medium 8 Jeffrey In progress


An artist at the Puyallup Tribe 
has been engaged to adapt the 
T/F/W logo for CRR. F & F 
Policy has been invited to join 
the effort 


Publicity


Low 9 Other CRPMP amendments to consider and further discuss: Sherri On hold CRPMP Support


Regarding MOUs, consider adding a statement specifying when 
DNR has a role in implementing MOUs and if there is a role, 
specifying its nature.


Under “Education Program and Commitments,” modify #2 to 
recognize that agreements are often executed at the field level 
without the need for higher level contacts


Reference a role for the CRPMP in Forest Practices ID team 
deliberations and  preparation of SEPA documents for Class IV 
Special FPAs


Low 10 Jeff and 
Pete On hold Wait for other higher priority 


items to be addressed


Develop a Logo for the Cultural Resources Roundtable


Prepare a report to the Forest Practices Board on the impact to cultural 
resource protection and management when forest land is converted to 
another use and regulatory responsibility passes to local government 
(county or city)
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7/20/2012 Changes from the previous 
report are in Red or Italics


Priority Lead Status Next Action Relationship to the 
CRPMP


T/F/W Cultural Resources Roundtable


Action Items


        On-Going 
Tasks


1 Co-Chairs Annual and quarterly obligation


2 All Communication


Create a Roundtable presentation about the DRPMP and 
Roundtable activities with a singular message and bullet points


Jeff and 
Jesse


Develop a yearly calendar of DNR Regional TFW Meting dates. 
Encourage the regions to include the Roundtable on the meeting 
agendas


Sherri


Post the Roundtable's outreach schedule on the DNR Forest 
Practices web site Sherri


3 All Communication


4 All Advance the Roundtable's work


FPB meeting Aug 14 , Report due July 20. 


Next opportunity for TFW presentations after 
the 20-120 rule and supporting manual is 
passed by the FPB


The Roundtable will: (a) meet monthly; (b) Report  to the FP Board at 
each regular meeting; (c) Review the CRPMP in June each year; (d) 
Report to the FP Board each August on progress of the CRPMP during 
the previous FY.  


Post examples of successes and cooperative 
opportunities on the DNR Forest Practices  web 
site.


Emphasize accomplishments when communicating progress on 
implementing the CRPMP. 


Contact individual FP Board members to “champion” CR Roundtable 
issues


Collaborate with current FP Board members 
regarding cultural resources issues coming to 


the Board.


Give a CRPMP presentation at Regional TFW meetings as new CRPMP 
support material is released.
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7/20/2012 Changes from the previous 
report are in Red or Italics


Priority Lead Status Next Action Relationship to the 
CRPMP


T/F/W Cultural Resources Roundtable


Action Items


        
Completed 


Items
1 Completed 


2003


2 Completed 
2005


3 Completed 
2005


4 Completed 
2008


5 Completed 
2008


6 Completed 
Spring 2009


7


Complete 
(Board action 


was 
unnecessary)


8 Completed 
2011


9 Completed 
2011


10 Completed 
2011


Recommendation adopted by 
the Board in Feb, 2012


11 Completed 
May 2012


Prepare a streaming video of Lee Stilson's lecture on cultural resources 
that typically may be found in Washington's managed forests 


As requested by the FPB, review and comment on a suggestion to 
amend 222-20-120 Sub-Section (3)(c))(i)


Consensus recommendation on changes to WAC 222-20-120 delivered 
to the Forest Practices Board


Draft a motion for the Forest Practices Board to request that the staff 
create a CR page on the Department's forest practices website


With the support of the Commissioners Office, a Charter for the 
Timber/Fish/Wildlife Cultural Resources Roundtable (formerly known as 
TFW Cultural Resources Committee)  delivered to the  Forest Practices 
Board


Recommendation to DNR staff and the Board for changes to the historic 
site definitions in Class III and Class IV Special definition to correct long 
standing interpretation issues


A recommendation to include a cultural resource question on the Phase 
II 15-year small landowner permit application.


Forest Practices Board adopted the rules recommended in the CRPMP


Cultural Resource Protection and Management Plan (CRPMP)


Statutory  exemption for sensitive cultural resource information gathered 
during a watershed analysis CR module or stand-alone CR module


Updates to the CRPMP
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7/20/2012 Changes from the previous 
report are in Red or Italics


Priority Lead Status Next Action Relationship to the 
CRPMP


T/F/W Cultural Resources Roundtable


Action Items


        12 Completed 
June 2012


In time for the FY 2012 report to the FPB, develop a method for formally 
assessing the performance CRPMP in accomplishing its purposes as 
stated on page 1 of the plan. 









		A. AMP-Post Mortem-Hotvedt

		B. Board Manual-Engel

		C. Compliance Monitoring-Obermeyer

		D. NSOIT Update- Hayes&Burnes

		NSOIT Update Hayes Burnes 07 23 2012

		2012 07 23 NSOIT Work Plan.pdf



		E. Rule Making Activity & Work Plan-Engel

		E. Rule Making Activity & Work Plan-Engel

		Rule making Update-Engel

		Rule making 2012-2013 schedule-Attachment

		2012 Workplan-updated 8-2012



		Rule making 2012-2013 schedule



		F. SFLO Update-Miketa

		G. TFW Cultural Resources Roundtable-Thomas&Heide

		TFW Cultural Resources Roundtable-Thomas&Heide

		MEMORANDUM

		FROM:   Timber/Fish/Wildlife Cultural Resources Roundtable Co-Chairs



		TFW Cultural Resources-Acton Item List-Attachment

		Sheet1





		H. Upland Wildlife Update-Whipple



