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FOREST PRACTICES BOARD 1 
REGULAR BOARD MEETING 2 


November 12, 2013 3 
Natural Resources Building 4 


Olympia, Washington 5 
 6 
Members Present 7 
Aaron Everett, Chair, 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 
Court Stanley, General Public Member 12 
Dave Somers, Snohomish County Commissioner (arrived at 9:40 a.m.) 13 
David Herrera, General Public Member  14 
Joe Stohr, Designee for Director, Department of Fish and Wildlife  15 
Heather Ballash, Designee for Director, Department of Commerce 16 
Julie Morgan, Designee for Director, Department of Agriculture 17 
Paula Swedeen, General Public Member  18 
Phil Davis, General Public Member (participated by phone) 19 
Tom Laurie, Designee for Director, Department of Ecology 20 
 21 
Staff  22 
Chris Hanlon-Meyer, Forest Practices Division Manager 23 
Marc Engel, Forest Practices Assistant Division Manager 24 
Patricia Anderson, Rules Coordinator 25 
Phil Ferester, Assistant Attorney General 26 
 27 
WELCOME AND INTRODUCTIONS 28 
Aaron Everett called the Forest Practices Board (FPB or Board) meeting to order at 9:00 a.m.  29 
 30 
APPROVAL OF MINUTES 31 
MOTION: Bill Little moved the Forest Practices Board approve the August 13, 2013 meeting 32 


minutes. 33 
 34 
SECONDED: Heather Ballash 35 
 36 
ACTION: Motion passed unanimously. 37 
 38 
REPORT FROM CHAIR 39 
Everett acknowledged Phil Davis’ service to the Board and that this is his last meeting. 40 
  41 
PUBLIC COMMENT 42 
Vic Musselman, Washington Farm Forestry Association (WFFA) and Small Forest Landowner 43 
Advisory Committee (SFLAC), shared that the SFLAC recently received the findings on the twelve 44 
20-acre exempt forest practices applications that were sampled in 2012 and found to be non-45 
compliant. He said WFFA is willing to help the Board and DNR through the SFLAC to identify ways 46 
to solve the common problems that were found. He said in some cases problems are driven by 47 
underlying issues associated with ambiguity in the rule and/or instructions. 48 
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Rob Kavanaugh said that he strongly disagrees with Governor Inslee’s correspondence that indicates 1 
Department of Fish and Wildlife (WDFW) has the responsibility to protect the viability of the WGS. 2 
He states that it remains to be seen as to whether WDFW will develop a WGS management concept 3 
for the protection of the WGS.  It is a complex issue and involves more than just the nest tree of the 4 
WGS. The Board has the background and the authority under Title 222 WAC to protect the WGS just 5 
like the efforts made with the Northern spotted owl. He said he does not believe the voluntary 6 
approach will ever work and more needs to be done. 7 
 8 
Ken Miller, WFFA, provided a written condensed regulatory history from a small forest landowner 9 
perspective. He mentioned the Forests and Fish commitments made to small forest landowners for 10 
alternate prescriptions for smaller harvests and hopes that the Board will work with the WFFA 11 
leadership on a pathway to honor those commitments. 12 
 13 
Chris Mendoza expressed his appreciation to the tribes for taking on the roles as co-chair as he steps 14 
down after five years. He also shared some of his experiences within the adaptive management 15 
program.  16 
 17 
Peter Goldman, Washington Forest Law Center, commented on TFW Policy Committee’s (Policy) 18 
Type F process. He said that it is extremely important process in order to realize the complete 19 
protection of fish and aquatic species associated with forest land. He shared that the process has been 20 
going very well and asked the Board to encourage Policy to report either a consensus or non-21 
consensus recommendation. 22 
 23 
Karen Terwilleger, Washington Forest Protection Association, stated that she agreed with Goldman 24 
that the Type F mediation is going well and participants are working hard to bring forward a 25 
consensus recommendation. She stated that industry is committed to the mediation and Policy’s 26 
process to make sure the system works and continues to improve in the future. 27 
  28 
STAFF REPORTS  29 
TFW Policy Committee Work Priorities  30 
Adrian Miller, co-chair, reported on the recommendations for the Mass Wasting Study that will be 31 
presented to the Board at the February 2014 meeting. He said Policy received the final study and is 32 
making good progress on developing a consensus recommendation. 33 
 34 
Stephen Bernath, co-chair, reported that Policy did not reach consensus on conducting a review of the 35 
proposed changes to the Hydraulic Code rules per Appendix M of the Forests and Fish Report.  36 
 37 
Everett said he was not comfortable with Policy’s conclusion because the Board is obligated to do a 38 
substantive review. He suggested a process for Policy to collect the comments from the caucuses to 39 
be forwarded to WDFW through the Adaptive Management Program Administrator (AMPA) would 40 
better meet the Board and Policy’s obligation. 41 
 42 
Bernath also shared: 43 
• two or three CMER studies will be coming forth that will take priority.  44 
• Policy and CMER have restarted some of the accountability measures and will have a budget 45 


update every six months and quarterly progress update on the projects from the AMPA. 46 
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Everett asked for the quarterly CMER reports to be attached to Policy or AMPA’s quarterly report to 1 
the Board. Bernath responded that this would not be a problem and that he would forward the most 2 
recent copy to the Board. 3 
 4 
Small Forest Landowner Advisory Committee and Small Forest Landowner Office  5 
Tami Miketa, Department of Natural Resources (DNR or Department), provided an overview on the 6 
Forestry Riparian Easement Program which included: 7 
• 2011-2013 Biennium Accomplishments  8 
• Status of Current Applications  9 
• 2013-2015 Biennium Overview 10 


 11 
Board concerns include: 12 
• DNR not having the authority to disapprove applications based on eligibility criteria, whether 13 


landowner truly meets the definition of a small forest landowner; and  14 
• Not enough money to fulfill the obligation. 15 
 16 
Paula Swedeen asked what the average per acre value is. Miketa responded that she did not have the 17 
information but would forward it to the Board. 18 
 19 
There was no further discussion on the following staff reports: 20 
• Adaptive Management  21 
• Board Manual Development  22 
• Compliance Monitoring  23 
• Review Need of the Northern Spotted Owl Conservation Advisory Group  24 
• Rule Making Activity & 2013 Work Plan  25 
• TFW Cultural Resources Roundtable   26 
• Upland Wildlife Working Group  27 
 28 
PUBLIC COMMENT ON NORTHERN SPOTTED OWL IMPLEMENTATION TEAM’S 29 
RECOMMENDATIONS 30 
Kara Whitaker, Washington Forest Law Center, shared some preliminary results of the NSO 31 
Technical Team modeling of spotted owl population response to simulated non-federal conservation 32 
networks. 33 
 34 
NORTHERN SPOTTED OWL IMPLEMENTATION TEAM’S (NSOIT) 35 
RECOMMENDATIONS  36 
Andy Hayes, DNR, updated the Board on the purpose of the NSOIT which is to analyze and 37 
recommend non-federal lands capable of providing a strategic contribution to spotted owl populations 38 
through voluntary conservation measures. He also provided an overview on the analytical approach, 39 
baseline analysis and conservation scenarios the NSOIT reviewed. 40 
 41 
Lauren Burnes, DNR, reviewed the next steps for the NSOIT and the Board. She said significant 42 
progress has been made, however additional work is needed in order for the NSOIT to provide 43 
recommendations to the Board.  44 
 45 
Burnes indicated that at this time the NSOIT has a consensus recommendation on the following: 46 
• Habitat incentive priorities 47 
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• Funding sources 1 
• Federal assurances 2 
• Continuing work 3 
• Additional refinement of model results 4 
• Completion of the economic analysis framework 5 
• Further scope and structure development around the safe harbor agreement concept 6 
• Development of a consolidated report 7 
• Possible legislative proposal around the Rivers, Habitat & Open Space Program (RHOSP) 8 
 9 
She stated that the team anticipates completing the process by early 2014. 10 
 11 
Kevin Godbout, Weyerhaeuser, encouraged the Board to support the recommendations. He said the 12 
Team focused on existing SOSEA boundaries and the need to develop a voluntary opt-in safe harbor 13 
agreement;  14 
 15 
Shawn Cantrell, Seattle Audubon, said it’s a good package and wants to see it move forward. Adding 16 
additional spotted owl habitat can make a significant contribution to the State. He said for this to 17 
work an incentives package is needed and that landowners need to step up.  18 
 19 
Vic Musselman, Washington Farm Forestry Association, said the Team worked hard to develop an 20 
incentive package for protecting and enhancing spotted owl habitat. He said the majority of small 21 
forest landowners that were recently polled and own lands where spotted owls exist are interested in 22 
protecting wildlife and endangered species. They are also interested in monetary incentives. He 23 
encouraged the Board to consider small forest landowners when deciding on how to implement the 24 
recommendations 25 


 26 
Everett summarized the next steps for the Board and said DNR is committed and interested in spotted 27 
owl conservation. He also stated that it will take legislative action supported by everyone to make it 28 
work. 29 
 30 
Court Stanley asked if Safe Harbor agreements in Oregon were looked at and Godbout responded that 31 
a more generic template will be needed to appeal to a broader class of landowners. 32 
 33 
Paula Swedeen expressed the importance of incentives, but the Board should look at the rules to see 34 
what is protected and what is not to ensure a successful implementation of the incentives.  35 
 36 
Dave Somers agreed with Swedeen but additional work on the incentives package is needed first for a 37 
successful implementation. 38 
 39 
Musselman said he would like to see the completion of a viable incentives program rather than 40 
changing the rules. 41 
 42 
Cantrell expressed support of the incentives approach and said it would yield huge benefits that 43 
would not come through a regulatory approach. 44 
 45 
Everett said he would like the Board to approve the recommendations. 46 
 47 


Forest Practices Board Draft November 12, 2013 Meeting Minutes      4 







MOTION: Aaron Everett moved the Forest Practices Board accept the November 8, 2013 1 
NSOIT recommendations and authorize the chair to liaise on the Board’s behalf in 2 
support of these recommendations. 3 


 4 
SECONDED: Paula Swedeen 5 
 6 
Board Discussion: 7 
Everett noted that part of his role will be talking with legislators regarding funding options. 8 
 9 
Bob Guenther said he supported the motion and appreciated all the collaboration efforts of the team. 10 
 11 
ACTION: Motion passed unanimously. 12 
 13 
PUBLIC COMMENT  14 
None. 15 
 16 
WESTERN GRAY SQUIRREL PROTECTION  17 
Don Nauer, WDFW, provided an overview on the status of Western grey squirrel (WGS) 18 
populations. He said the 2007 population estimate is 937 in the areas of Klickitat, North Cascades 19 
and Puget Trough, plus an additional 93 translocated to the Puget Trough area during 2007-2012. He 20 
stated that any new population estimates would require new survey data and funding. He indicated 21 
that staff resources are very limited, but WDFW continues to investigate ways to increase staff 22 
capacity in southwest Washington.  23 
 24 
Nauer described the voluntary management process used to protect the WGS and their habitat which 25 
includes working with DNR and communicating decisions to DNR and stakeholders. He indicated 26 
that the WDFW is confident that voluntary management approach is working. He said WDFW would 27 
like to expand this to more of a landscape approach. He said negotiating with the landowners would 28 
be challenging, but overall more effective. 29 
  30 
Donelle Mahan, DNR, presented an overview of the Forest Practices Applications (FPAs) in areas 31 
containing WGS. She indicated that approximately 263 FPAs involving WGS habitat were approved 32 
from January 1, 2007 through October 16, 2013. She said that the estimate was likely an overestimate 33 
because DNR was only able to use old WGS data layers and was unable to determine what proportion 34 
were determined by WDFW that have an impact on habitat.  She said a more accurate determination 35 
can be made by field visits or examining more recent orthophotos. 36 
 37 
Mahan also reviewed the operational and administrative mechanisms that increase the effectiveness 38 
of the current voluntary protection approach. She said DNR has incorporated a checkbox for WGS 39 
presence or habitat on the office checklist which becomes part of the FPA. It also includes a note on 40 
the FPA Notice of Decision page acknowledging the presence of WGS or habitat in the harvest 41 
vicinity, and offers the assistance of WDFW staff.   42 
 43 
Tom Laurie asked for confirmation on whether WDFW knows how many approved FPAs have 44 
voluntary habitat plans. Nauer responded that at this time they do not know. 45 
 46 
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Everett asked if it was feasible in FPARS to check the application, conduct a field review, and then 1 
confirm or deny habitat in the system for future queries. Mahan responded that at this time it is done 2 
in paper form only.  3 
 4 
Everett asked Stohr and Nauer to review WDFW’s next steps in protecting WGS habitat which may 5 
include legal guidance to staff, updated field guidance, and rule changes to reduce the ambiguity in 6 
the law. 7 
 8 
Swedeen asked whether WDFW will move towards an active landscape planning approach or if it be 9 
at the landowner’s discretion. Nauer responded that he could not speak directly about this but said 10 
there are definite possibilities for a landscape planning approach. 11 


 12 
PUBLIC COMMENT ON PETITION FOR RULE MAKING 13 
Kara Whitaker, Washington Forest Law Center, stated that she is concerned the population of the 14 
WGS makes them highly susceptible to extirpation. She said that current statues prohibit the harvest 15 
of nest trees and that WDFW’s guidelines show why this is insufficient for recovery. She said she is 16 
concerned that voluntary landscape management may not be enough to reverse the decline in 17 
Washington State. 18 
 19 
Rob Kavanaugh provided background information on WGS management in Klickitat County since 20 
1959. He also expressed the need to protect the WGS on a landscape basis and the need to 21 
compensate landowners for loss of timber. He stated a proactive approach rather than a passive one is 22 
needed. He said there are three options for the Board to choose from: 1-strengthen forest practices 23 
through the permitting process, better science and laws; 2- ask the Legislature to take over the 24 
Board’s duties; or 3-go to Superior Court. 25 
 26 
PETITION FOR RULE MAKING - WESTERN GRAY SQUIRREL  27 
Marc Engel, DNR, reviewed the action before the Board and reviewed the petitioner’s request. The 28 
Board discussed the four specific elements as contained in the petition:  29 
• listing the WGS on critical habitat-state within the concept of landscape management on a 30 


watershed by watershed within the historic areas occupied by the WGS;  31 
• incorporate WGS management appendices to the FPA’s; 32 
• assist WDFW with surveys when needed; and  33 
• develop a landowner compensation measure for private landowners.  34 
 35 
Laurie and Everett stated that the Board cannot legally respond to the compensation portion of the 36 
petition which can only be achieved through legislation.  37 
 38 
Stohr said he was unsure what the petition means for implementation. 39 
 40 
Stanley asked if Gary Bell is the only expert on WGS habitat. Stohr responded that WDFW has 41 
habitat biologists across the state with knowledge of all wildlife. Bell is the point of contact for WGS. 42 
 43 
Everett asked what the basis is for conditioning authority. Mahan responded the Department tries to 44 
stay away from it. The Department does not like to attach the threatened and endangered species list 45 
to the FPA because it is sensitive information and is not available for everyone to look at. Engel 46 
added that if a landowner attaches it to their FPA it becomes conditions. 47 
 48 
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Dave Herrera said he was having trouble understanding how the Board can say WDFW is not doing 1 
enough when they say it is working. 2 
 3 
Swedeen acknowledged the heartfelt concern of losing too much WGS nests and habitat asked if 4 
there is a way to define WGS habitat. Stohr responded that WDFW is sorting out what, if any, 5 
changes to rules need to be made and where.  6 
 7 
Everett asked Board members if they thought rule making is needed at this time. All responded and 8 
agreed that rule making is not necessary at this time. They agreed additional information is needed to 9 
quantify the status and to continue with the voluntary management approach.  10 
 11 
MOTION: Court Stanley moved the Forest Practices Board deny the petition for rule making 12 


and the Board continue to monitor the outcomes of the voluntary approach, at 13 
minimum annually reporting on the status of plans and available population and 14 
habitat data. 15 


 16 
SECONDED: Bob Guenther 17 
 18 
ACTION: Motion passed unanimously. 19 
 20 
PUBLIC COMMENT ON EXTENSIVE RIPARIAN STATUS AND TREND MONITORING 21 
TYPE F/EASTSIDE TEMPERATURE STUDY  22 
None. 23 
 24 
ADAPTIVE MANAGEMENT PROGRAM - EXTENSIVE RIPARIAN STATUS AND TREND 25 
MONITORING TYPE F/EASTSIDE TEMPERATURE STUDY 26 
Jim Hotvedt, DNR, requested the Board to not take any action at this time. He said the report has 27 
been reviewed and discussed by Policy and do not recommend any rule or guidance changes. 28 
 29 
This study looked at changes in water temperature, air temperature, eastside climate, and other 30 
variables such as wet wood, bankfull width and shade. 31 
  32 
Laurie asked when Phase II will begin and how long it will take. Hotvedt responded it is unknown at 33 
this time because it is dependent on certain program funding and upcoming discussions within 34 
CMER. 35 
 36 
MOTION: Dave Somers moved the Forest Practices Board accept TFW Policy Committee’s 37 


recommendation to take no action at this time on the Extensive Riparian Status and 38 
Trend Monitoring Type F/Eastside Temperature Study. 39 


 40 
SECONDED: Bob Guenther 41 
 42 
ACTION: Motion passed unanimously. 43 
 44 
PUBLIC COMMENT ON BOARD’S 2014 WORK PLAN 45 
None. 46 
  47 
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2014 WORK PLANNING  1 
Marc Engel, DNR, presented the 2014 draft work plan for approval. He also described the rule 2 
makings listed on the work plan. 3 
 4 
As a result of earlier discussions, the Board made changes to the work plan. 5 
 6 
MOTION: Everett moved the Forest Practices Board approve the 2014 Work Plan as modified 7 


with a combined report for Taylor’s Checkerspot Butterfly, Northern Spotted Owl 8 
Conservation Advisory Group and Western Grey Squirrel due in May and a revised 9 
completion date for Board Manual Section 7 from May to November and adding 10 
compilation of TFW caucus comments on hydraulic code revision due in February 11 
under the Adaptive Management Program heading. 12 


 13 
SECONDED: Heather Ballash 14 
 15 
ACTION: Motion passed. 12 support /1 abstention (Stanley) 16 
 17 
EXECUTIVE SESSION 18 
None. 19 
 20 
Meeting adjourned at 3:15 p.m. 21 
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STATE OF WASHINGTON            PO Box 47012 
FOREST PRACTICES BOARD                    Olympia, WA 98504-7012 


Regular Board Meeting – February 11, 2014 
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 November 12, 2013, 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. Comments will not be 
accepted on board actions that have been through a public comment 
period (rule adoptions).  
 


9:30 a.m. - 10:00 a.m. Staff Reports 
A. Adaptive Management - Jim Hotvedt, DNR 
B. Board Manual Development - Marc Ratcliff, DNR 
C. Compliance Monitoring - Walt Obermeyer, DNR 
D. Northern Spotted Owl Implementation Team – Andy Hayes and 


Lauren Burnes, DNR 
E. Rule Making Activity & 2014 Work Plan - Marc Engel, DNR  
F. Small Forest Landowner Advisory Committee and Small Forest 


Landowner Office -Tami Miketa, DNR 
G. TFW Cultural Resources Roundtable – Jeffrey Thomas and Karen 


Terwilleger, Co-chairs  
H. TFW Policy Committee’s Work Priorities - Stephen Bernath and 


Adrian Miller, Co-chairs 
I. Upland Wildlife Working Group – Terry Jackson, Washington 


Department of Fish and Wildlife (WDFW) 
 


10:00 a.m. – 10:15 a.m. Legislative Update - Chris Hanlon-Meyer, DNR 
 


10:15 a.m. – 10:30 a.m. Clean Water Act Assurances - Mark Hicks, Department of Ecology  
10:30 a.m. – 10:45 a.m. Break  
10:45 a.m. – 12:00 p.m. Type F/N Break Dispute Resolution – Jim Hotvedt, DNR and TFW 


Policy panelists, TBD 
 


12:00 p.m. - 1:00 p.m. Lunch  
  


Future FPB Meetings 


Next Regular Meeting:  May 13, August 12, November 12, 
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 



http://www.wa.gov/dnr

mailto:forest.practicesboard@dnr.wa.gov





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. 


1:10 p.m. – 1:20 p.m. Public Comment on Type F/N Break 
1:20 p.m. – 1:30 p.m. Direction on Type F/N Break – Jim Hotvedt, DNR  


Action: Consider direction to Adaptive Management on Type F/N break. 
 


1:30 p.m. – 1:40 p.m. Public Comment on Road Maintenance and Abandonment Planning 
(RMAP) 


1:40 p.m. – 1:55 p.m. RMAP Clarification Rule Making - Gretchen Robinson, DNR 
Action: Consider rule making by filing a CR-101 Proposal of Inquiry to 
notify the public of possible rule making. 
 


1:55 p.m. – 2:05 p.m. Public Comment on the Mass Wasting Effectiveness Monitoring 
Project: A Post Mortem Study 


2:05 p.m. – 2:20 p.m. The Mass Wasting Effectiveness Monitoring Project: A Post 
Mortem Study Examination of the Landslide Response to the 
December 2007 Storm in Southwestern Washington – Jim Hotvedt, 
DNR 
Action: Consider TFW Policy Committee’s recommendation. 
 


2:20 p.m. – 2:25 p.m. Petition for Rule Making - Western Gray Squirrel – Marc Engel, DNR 
Action: Consider petition for rule making to protect the Western Gray 
Squirrel.  
 


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


 


Future FPB Meetings 


Next Regular Meeting:  May 13, August 12, November 12, 
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 



http://www.wa.gov/dnr
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Memorandum 


 
 
January 21, 2013 
 
 
TO:  Forest Practices Board 
FROM: Mark Hicks, Forest Water Quality Coordinator 
SUBJECT: Clean Water Act Milestone Update 
 
The Washington State Department of Ecology (Ecology) committed to provide the Forest 
Practices Board (Board) with periodic updates on the progress being made to meet milestones 
established for retaining the Clean Water Act (CWA) Assurances for the forest practices rules 
and associated programs.  Our last update to the Board occurred at your August 2013 Board 
meeting.  This current update covers the period through January 2013.  
 
In the past six months, no CWA milestones have been completed.  Enclosed are two tables 
showing the CWA milestones and summarizing their current status.  The first table shows the 
non-CMER project milestones.  These milestones are implemented outside of the CMER 
research program and are largely within the control of the Operations Section of the Department 
of Natural Resources (DNR) or the Timber Fish and Wildlife Policy Committee (Policy).  The 
second table lays out the progress being made on the CMER research study milestones.  Changes 
occurring since your last briefing are shown in red font. 
 
Efforts to increase efficiency continue to be proposed at CMER and Policy; however, there are at 
least several major issues that continue to plague these milestones and put at risk the long-term 
ability of the program to retain CWA assurances: 


1) Lack of sufficient funding for the CMER research program beyond FY 2015.  
2) Lack of dedicated (time) and qualified researchers within CMER. 
3) New and competing priorities for CMER and Policy. 
4) Conflict among stakeholders all stages of the AMP process.   


 
Please contact me if you have any questions or concerns (360) 407-6477. 
 
Enclosure  


 
 







Summary of CWA Assurances Milestones and current status: 
Non-CMER Project Milestones 


 
 Summarized Description of Milestone Status as of January 20131 


2009 July 2009: CMER budget and work plan will reflect 
CWA priorities.   


Completed 


 September 2009: Identify a strategy to secure 
stable, adequate, long-term funding for the AMP. 


Completed  
Strategy has been unsuccessful in 
securing long-term funding. Current CMER 
workplan and budget projections suggest a 
shortfall will begin in FY 2015 and magnify 
to over 3 million in FY 2016. 


 October 2009: Complete Charter for the 
Compliance Monitoring Stakeholder Guidance 
Committee  


Completed 


 December 2009: Initiate a process for flagging 
CMER projects that are having trouble with their 
design or implementation.   


Completed 


 December 2009: Compliance Monitoring Program 
to develop plans and timelines for assessing 
compliance with rule elements such as water 
typing, shade, wetlands, haul roads and channel 
migration zones.   


Completed 


 December 2009: Evaluate the existing process for 
resolving field disputes and identify improvements 
that can be made within existing statutory 
authorities and review times.   


Completed 


 December 2009: Complete training sessions on the 
AMP protocols and standards for CMER, and Policy 
and offer to provide this training to the Board.  
Identify and implement changes to improve 
performance or clarity at the soonest practical time.   


Underway 
Training completed.  Issues identified for 
improvement were added to the Policy 
and CMER task lists for future action.   
CMER is actively updating its Protocol 
and Standards Manual (6 chapters 
completed), and Policy has agreed to 
begin reviewing the L1 questions related 
to the Unstable Slopes Research 
Program.  


2010 January 2010: Ensure opportunities during regional 
RMAP annual reviews to obtain input from Ecology, 
WDFW, and tribes on road work priorities. 


Completed 
 


 February 2010: Develop a prioritization strategy for 
water type modification review. 


Completed 


 March 2010: Establish online guidance that clarifies 
existing policies and procedures pertaining to water 
typing.   


Completed 
 


 


1 
 


                                                 







Non-CMER Project Milestones 
 


 Summarized Description of Milestone Status as of January 20131 
 June 2010: Review existing procedures and 


recommended any improvements needed to 
effectively track compliance at the individual 
landowner level. 


Completed 


 June 2010: Establish a framework for certification 
and refresher courses for all participants 
responsible for regulatory or CMP assessments.   


Underway 


DNR has hired a training program 
manager, and has provided training to 
DNR staff on CMZs, Unstable Slopes, 
Wetlands, and determining Bankfull 
Width.  DNR has begun providing BFW 
training to TFW participants in each 
region. 


 July 2010: Assess primary issues associated with 
riparian noncompliance (using the CMP data) and 
formulate a program of training, guidance, and 
enforcement believed capable of substantially 
increasing the compliance rate. 


Completed 


 July 2010: Develop a plan for evaluating the risk 
posed by SFL roads for the delivery of sediment to 
waters of the state. 


Underway 


DNR is developing an approach for 
surveying a sample of SFL roads, and 
has identified a staff person to serve as 
their field lead in this effort. The goal was 
to develop a required 2013 report to the 
legislature and to address this milestone. 


 July 2010: Develop a strategy to examine the 
effectiveness of the Type N rules in protecting water 
quality at the soonest possible time that includes: a) 
Rank and fund Type N studies as highest priorities 
for research, b) Resolve issue with identifying the 
uppermost point of perennial flow by July 2012, and 
c) Complete a comprehensive literature review 
examining effect of buffering headwater streams by 
September 2012. 


Completed 


Policy and technical subgroups are 
working to implement the strategy. 


 October 2010: Conduct an initial assessment of 
trends in compliance and enforcement actions 
taken at the individual landowner level. 


Completed 


2 
 







Non-CMER Project Milestones 
 


 Summarized Description of Milestone Status as of January 20131 
 October 2010: Design a sampling plan to gather 


baseline information sufficient to reasonably assess 
the success of alternate plan process.   


Off Track  
DNR facilitated development of an 
informal process for deciding what will be 
sampled, by whom, when, and for how 
long.  These decisions would be made by 
field team when they approve an alternate 
plan (AP).  This approach is not in 
common use and does not meet this 
milestone.  DNR is now working on a 
process for AP proponents to engage with 
TFW participants.    


 December 2010: Initiate process of obtaining an 
independent review of the Adaptive Management 
Program.   


Off Track 


Policy support for this review waned after 
the state auditor’s office dropped its plans 
to begin a review in FY 2012.  Policy is 
hoping internally derived changes (e.g., 
shorter timeline for dispute resolution and 
the lean process being piloted by CMER) 
will create enough improvements to 
negate need for this milestone.  No 
improvements are evident at this time. 


2011 December 2011: Complete an evaluation of the 
relative success of the water type change review 
strategy.   


Completed 


 


 December 2011: Provide more complete summary 
information on progress of industrial landowner 
RMAPs.   


Complete 
 


2012 October 2012: Reassess if the procedures being 
used to track enforcement actions at the individual 
land owner’s level provides sufficient information to 
potentially remove assurances or otherwise take 
corrective action. 


Complete 
 


 Initiate a program to assess compliance with the 
Unstable Slopes rules.  


Ongoing 


DNR is evaluating alternative pathways to 
satisfying this milestone other than using 
the standard post-harvest compliance 
monitoring framework. DNR recently 
assessed compliance issues in part of 
SW Washington in relation to concerns 
with the 2007 storm.  Policy is now 
attempting to develop a process to 
address unstable slopes concerns which 
may include this milestone. 
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Non-CMER Project Milestones 
 


 Summarized Description of Milestone Status as of January 20131 
2013 November 2013: Prepare a summary report that 


assesses the progress of SFLs in bringing their 
roads into compliance with road best management 
practices, and any general risk to water quality 
posed by relying on the checklist RMAP process for 
SFLs.   


Underway 


DNR is developing an approach for 
surveying a sample of SFL roads, and 
has identified a staff person to serve as 
their field lead in this effort. The goal was 
to develop a required 2013 report to the 
legislature and to address this milestone. 
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CMER Research Milestones 


 
Description of Milestone Status as of January 20131 


2009 Complete: Hardwood Conversion – Temperature 
Case Study 


Completed 


Study design did not allow for data analysis. 


 Study Design: Wetland Mitigation Effectiveness Completed 


Study later dropped due to unforeseen 
problems. 


2010 Study Design: Type N Experimental in 
Incompetent Lithology 


Completed 


 Complete: Mass Wasting Prescription-Scale 
Monitoring 


Completed 


Final report accepted by Policy who now is 
determining under charter what actions to take 
in response to the report. 


 Scope: Mass Wasting Landscape-Scale 
Effectiveness 


Off Track 


No work has occurred.   


 Scope: Eastside Type N Effectiveness  Complete 


Work began in 2012 by developing a charter 
and an Initial Writing Team (IWT). In June 2013, 
Policy approved the purpose, objective, and 
critical questions. 


2011 Complete: Solar Radiation/Effective Shade Completed 


 Complete: Bull Trout Overlay Temperature Underway 


Final post ISPR draft in preparation and 
expected back to CMER in early 2014.  


 Implement: Type N Experimental in Incompetent 
Lithology 


Underway 


Data collection began in the summer of 2012. 


 Study Design: Mass Wasting Landscape-Scale 
Effectiveness 


Off Track 


No work has occurred. On FY2015 budget. 


2012 Complete: Buffer Integrity-Shade Effectiveness Completed 


 Literature Synthesis: Forested Wetlands 
Literature Synthesis 


Underway 


Final report expected by 2015. 


 Scoping: Examine the effectiveness of the RILs 
in representing slopes at risk of mass wasting. 


Not Progressing 


An initial writing team was approved by CMER, 
and a draft charter assembled, but work has not 
begun. On FY 2014 budget. 
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CMER Research Milestones 
 


Description of Milestone Status as of January 20131 


 Study Design: Eastside Type N Effectiveness  Underway 


Study design options were approved by TFW 
policy in November 2013.  The TWIG is now 
developing a draft study design. The Type N 
Hydrology study data (available in early 2014) 
may be used to establish test strata for the 
study. 


2013 Scoping: Forested Wetlands Effectiveness Study Not Progressing 


Scoping will not be initiated until the Forested 
Wetlands Literature Synthesis is complete.   


 Wetlands Program Research Strategy  Not Progressing 


A long-term research strategy is needed to re-
establish the need, interrelationship, and priority 
for the original series of wetland research 
projects proposed by WetSAG.  This strategy 
will be informed by the Forested Wetlands 
Literature Synthesis project.  Once determined, 
this strategy will be used to set milestones to 
replace those temporally removed from the 
CWA milestone list.  The projects whose goals 
must be accounted for include: the Forested 
Wetland Effectiveness study, the Wetland 
Management Zone Effectiveness Monitoring 
study, the Wetland Hydrologic Connectivity 
study, and the Wetland/Stream Water 
Temperature Interactions study.  In 2013 
WetSAG began discussing how to develop a 
strategy and intends to hire a contractor to 
assist them in this effort in 2014. 


 Scope: Road Prescription-Scale Effectiveness 
Monitoring 


Underway 


Replaced prior milestone for Effectiveness of 
RMAP Fixes.  On FY 2014 budget. A TWIG was 
formed in late 2013 to begin scoping this study. 


 Study Design: Examine the effectiveness of the 
RILs in representing slopes at risk of mass 
wasting. 


Not Progressing 


No work has occurred.  On FY 2014 budget. 


 Implement: Eastside Type N Effectiveness Underway 


In late 2013 the TWIG began working on a 
study design.  Implementation may occur in 
phases with an initial step beginning in summer 
2014.  


2014 Complete: Type N Experimental in Basalt 
Lithology 


On-Track 
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CMER Research Milestones 
 


Description of Milestone Status as of January 20131 


 Study Design: Road Prescription-Scale 
Effectiveness Monitoring 


Not Progressing 


Replaced prior milestone for Effectiveness of 
RMAP Fixes.  On FY 2014 budget.  


 Scope: Type F Experimental Buffer Treatment Not Progressing 


Initial Writing Team approved by CMER and a 
TWIG should be formed in early 2014 and begin 
developing study design alternatives. 


 Implementation: Examine the effectiveness of the 
RILs in representing slopes at risk of mass 
wasting 


Not Progressing  


An initial writing team was approved by CMER, 
and a draft charter assembled, but no work has 
begun.   


 Study Design: Forested Wetlands Effectiveness 
Study 


Not Progressing  


Scoping will not be initiated until the Forested 
Wetlands Literature Synthesis is complete by 
2015.   


2015 Complete: First Cycle of Extensive Temperature 
Monitoring 


Underway 


Of the four strata: one stratum is complete and 
two are in CMER review.  Problems using the 
DNR hydro layer to find Type Np study streams 
on the eastside thwarted efforts to find sites for 
the final strata.  Now awaiting the potential use 
of the eastside hydrology study model to screen 
potential sites to better identify where perennial 
streams may actually exist - to aid in site 
selection. 


 Scope: Watershed Scale Assess. of Cumulative 
Effects 


Not Progressing 


 Scope: Amphibians in Intermittent Streams 
(Phase III)  


Not Progressing 


Project milestone exists only if needed to fill 
research gaps left from Type N Experimental in 
Basalt Lithology. 


2017 Study design: Watershed Scale Assess. of 
Cumulative Effects  


Not Progressing 


 Study Design: Amphibians in Intermittent 
Streams (Phase III)   


Not Progressing 


2018 Complete: Roads Sub-basin Effectiveness Not Progressing 


Ecology recognizes that RMAP programs 
implemented through DNR Forest Practices 
Operations may negate the need for this follow-
up sample of progress in fixing roads. 
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CMER Research Milestones 
 


Description of Milestone Status as of January 20131 


 Implement: Watershed Scale Assess. of 
Cumulative Effects 


Not Progressing 


 Complete: Type N Experimental in Incompetent 
Lithology 


Underway 


2019 Complete: Eastside Type N Effectiveness  Underway 


Project will likely be completed later than this 
milestone due to the delay in project initiation. 


1 Status terminology: 
“Completed”         - means milestone has been satisfied (includes those both on schedule and late). 
“On Track”            - means work is occurring that appears likely to satisfy milestone on schedule. 
“Underway”          - means work towards milestone is actively proceeding, but likely off schedule.  
“Not Progressing” - means no work has begun, or work initiated has effectively stopped. 
“Off Track”            - means: 1) No work has begun and inadequate time remains, 2) key stakeholders are not 


interested in completing the milestone, or 3) attempt at solution was inadequate and no further 
effort is planned.  
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PETER GOLDMARK 
Commissioner of Public Lands 


January 29, 2014 
 
MEMORANDUM 
 
TO:  Forest Practices Board 
 
FROM: Gretchen Robinson, Environmental Planner 


Forest Practices Division 
 
SUBJECT: Rulemaking Regarding Road Maintenance 
 
On February 11th I will request the Board’s approval to file a CR-101 Pre-proposal Statement of Inquiry for 
rulemaking regarding road maintenance and planning. This is the first of three rulemaking steps required in the 
Administrative Procedure Act (chapter 34.05 RCW). The information provided on a CR-101 states the subject 
of rulemaking and provides contact information for people who would like to participate in rule development. 
 
As Road Maintenance and Abandonment Plans (RMAPs) are being completed and the work deadlines met, the 
Department of Natural Resources (DNR) is considering ways to ensure appropriate responses to road 
maintenance into the future. DNR would like the Board to consider adding language to chapter 222-24 WAC. 
The language would indicate that when DNR becomes aware that the general maintenance level of roads within 
a given road system or basin are, or will soon be, inadequate to protect public resources, DNR can require 
landowners to prepare focused road maintenance plans. These would be short-term plans for specific areas to 
bring the roads to forest practices standards. 
 
Language to this effect existed in WAC 222-24-050 prior to the Board adopting the 2001 “Forests and Fish” 
rule package. It authorized DNR to require RMAPs for the specific drainages or road systems having potential 
to damage public resources; if DNR determined further maintenance was necessary to protect resources, the 
landowner would implement needed improvements or agree to an additional road maintenance plan. DNR is 
looking at restoring that concept into the road maintenance rules. 
 
Although rules already exist that address ongoing road maintenance requirements outside of fulfilling RMAPs 
requirements (specifically WAC 222-24-010(2) – roads policy, WAC 222-24-051(12) – large forest 
landowners, and WAC 222-24-0511(4) – small forest landowners), they do not provide for the possibility of 
agreed-to plans. DNR acknowledges that most landowners maintain their roads on a continual basis to prevent 
public resource damage. However, in some situations (unusual weather events, for example, or acquisition of 
land not covered by an RMAP), success may be achieved more satisfactorily through a targeted planning 
schedule than under punitive enforcement mechanisms. 
 
If the Board approves, we will enlist the help of stakeholders, and any interested parties who respond to the CR-
101, to determine how best to achieve rule clarity on this subject. We expect the rule development process to 
take place in the spring, and to have a draft ready to send to the Board prior to the August 2014 meeting for 
further action. We look forward to answering your questions on February 11th. 
 
GR/ 


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 
















2013 CMER Accomplishments 


 


CMER Budget:  


 CMER projects stayed within projected 2013 budget 


 CMER projects did not use the contingency fund to pay for project budget expenditures  


 


Project Accomplishments: 


 


 Wetland Literature Synthesis Report (WetSAG)  


 Completed SAG-approved draft report for CMER review and approval for 


submission to ISPR 


 


 Bull Trout Overlay Temperature (Eastside Riparian Shade/Temperature) Project (RSAG) 


 Completed CMER-approved draft report for ISPR review 


 


 Effectiveness of Riparian Management Zones in Providing Habitat for Wildlife: Resampling 


at the 10-year Post-treatment Interval, reanalysis of bird data (LWAG) 


 Completed SAG-approved draft report for CMER review and approval 


 


 Stream-Associated Amphibian Response to Manipulation of Forest Canopy Shading (Buffer 


Integrity-Shade Effectiveness Project) (LWAG) 


 Completed CMER-approved draft report for ISPR review 


 Completed SAG-approved ISPR response matrix for CMER review and approval 


 Completed SAG-approved final report for CMER review and final approval 


  


 Westside Type N Experimental Buffer Treatment – Hard Rock Study (LWAG/RSAG) 


 Developed a CMER-approved Coordinated CMER/SAG Review Memorandum 


(multi-chapter review process) to orchestrate a coordinated review of the report  


 Maintained/renewed access permits for all study sites 


 Worked with DNR to ensure continued access to two reference sites that were up 


for potential harvest in the next several years.  DNR has agreed to postpone 


harvest of these study sites until FY2019 


 Worked with Hancock to post-pone as long as possible harvest of a third 


reference, now scheduled for 2016; however, market conditions could change this 


current harvest date 


 Conducted regular meetings with PIs (monthly or as needed) for development of 


final report and to promote consistency. Developed report formatting, glossary 


and definitions, acronyms, etc 


 Assigned SAG/CMER Reviewers for chapters 1-17 and developed a list of 


potential additional outside technical reviewers to support the CMER review 


process 


 Completed draft Chapters 1 through 4 (introduction and background, study 


design, management descriptions, unanticipated disturbance events) for CMER 


review. CMER comments submitted to PI for consideration 







2013 CMER Accomplishments 


Final Dec 19, 2013 Page 2 


 Completed draft Chapters 5, 6, 8, and 9 for CMER. CMER comments submitted 


to PI for consideration 


 Completed permit renewal process for in-stream sampling, including SEPA and 


HPA 


 


 Tailed Frog Literature Review (LWAG/RSAG) 


 Completed CMER-approved draft report for ISPR review 


 Completed SAG-approved ISPR response matrix for CMER review and approval 


 


 Mass Wasting Effectiveness Monitoring Project Report  –The Mass Wasting Effectiveness 


Monitoring Project: A Post- Mortem Examination of the Landslide Response to the 2007 


Storm in SW Washington (Post Mortem Final Study) (UPSAG) 


 Completed six questions/Findings Report (including minority opinions) for 


submission to TFW Policy 


 


 Eastside Type N Buffer Effectiveness Study (TWIG) 


 Technical Writing and Implementation Group (TWIG) formed 


 Policy approval (with motion) of Study objectives, problem statement, and critical 


research questions refined by TWIG and presented to Policy for approval 


 Scientific merits of best available science and alternative approaches to 


addressing the study objectives presented to and approved by CMER and Policy 


 Study design alternatives presented to and approved by CMER and Policy  


  


 Eastside Type N Characteristics Forest Hydrology Project (SAGE) 


 Completed draft report for SAG review and approval 


 


 Eastern Washington Riparian Assessment Project (EWRAP) (SAGE) 


 First draft of chapters 1, 2, and 3 submitted to SAGE for review 


 


 Hardwood Conversion Project  (RSAG) 


 Preliminary draft of CMER report submitted to RSAG for review 


 


 Eastside Type F Extensive Status and Trends Monitoring Report 


 Completed final report for CMER review and approval 


 Completed and submitted a Findings Report to Policy 


 


LEAN Process Improvement: 


 CMER initiated projects to pilot the new process for developing study designs 


 Eastside Type N Buffer Effectiveness Study (TWIG formed and active) 


 Road Prescriptions BMP Monitoring (IWT and TWIG formed) 


 Westside Type F Buffer Effectiveness (IWT and TWIG formed) 


 







2013 CMER Accomplishments 


Final Dec 19, 2013 Page 3 


Field Work:  


 Westside Type N Experimental Buffer Treatment Study - Hard Rock 


 Completed field work for extended sampling effort 


 Westside Type N Buffer Characteristics, Integrity and Function (BCIF) Project  


 Completed field work for extended sampling effort 


 Westside Type N Buffer Effectiveness Study - Soft Rock 


 Collected second year of pre-harvest data 


 Eastside Type F Riparian Prescription Monitoring (Bull Trout Add On) 


 Completed field work on two sites  


 


RFPs/RFQQs: 


 Forest Practices and Wetlands Systematic Literature Review amendment completed 


 


CMER Monthly Science Sessions  


 Kathy Dube’, Road Sediment Models 


 AJ Kroll, Hypothesis Testing 


 Bob Danehy, Roads BMPs 


 Ken Pierce, National Agriculture Imagery Program (NAIP) Presentation 


 George McFadden and others, Remote Sensing Workshop 


Work Plan Review and Revisions: 


 2014 Work Plan and budget: Completed and approved by CMER, Policy, and Forest 


Practices Board 


 


Protocols and Standards Manual 


 Developed and approved “Use of Non-CMER Science in the Forest Practices Adaptive 


Management Program” document 


 Revised and approved changes to Chapters 4,5, and 6 of CMER’s Protocols and Standards 


Manual (chapters 1-6 now revised and approved) 


 


CMER Data Information Management:  


 New and historical scoping documents, study designs, reports, maps, and data collected and 


forwarded to NWIFC by SAGs, PMs, and others for new projects to be included in the 


CMER Data Information Management.  Approximately 200 new documents found. 


 


CMER Administration 


 CMER monthly agendas consistently developed and sent out on time 


 Continued leadership/facilitation by SAG and CMER co-chair volunteers 


 Voluntary coordination within SAGs when co-chairs or PM is absent from meetings 


 CMER agendas and minutes and reports loaded on the AMP web site 
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General Status Comments


TYPE N RULE GROUP


WWA Type N Buffer Characteristics 
Integrity and Function (BCIF) - Re-
sample


N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A Oct-13 Nov-13 Feb-14
 Extended sampling field work completed September 2013. 
Data input, QA/QC, and analysis underway.


Type N Experimental Buffer 
Treatment - Hard Rock 


May-14 May-13 Feb-14 May-13 Jul-14 CWA 
2014


Coordinated review schedule set by chapter. Complete full 
draft of report likely in Spring 2014. 


Type N Experimental Buffer 
Treatment - Hard Rock - Amphibian 
Genetics Component


FY2016 CWA 
2014


Part of original hard rock study design; need a second 
generation of the population for genetics component


Type N Experimental Buffer 
Treatment - Hard Rock - Amphibian 
Demographics & Channel Metrics


N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A FY2013 FY2019
Extended field sampling proposed for Amphibian 
Demographics FY18, FY19.  Extended Field sampling for 
Channel Metrics FY13, 14, 17, 18 and 19.


Type N Experimental Buffer 
Treatment - Hard Rock - Extended 
Sampling - Temp/ Sediment/ Veg./ 
Litter Fall


N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A Apr-13 FY 2019 Extended field sampling: FY13, 14, 18 and 19.


Type N Experimental Buffer 
Treatment - Soft Rock


CWA 2010
CWA 
2011


FY 2017
CWA 
2018


Pre-harvest sampling FY 2013-2014, 2-year post-harvest 
sampling FY 2015-2017, Data analysis 10/2016 - 12/2017, 
and CMER approval Winter 2018.


EWA Type N Characterization - 
Forest Hydrology


Apr-10 Mar-14
Full draft report for review and approval in SAGE. Deadline 
for SAGE comment Jan 31,2014 


EWA Type N Riparian Effectiveness CWA 2010 Nov-13 CWA 2012
CWA 
2013


CWA 
2019


Best Available Science review and recommended 
alternatives approved by Policy November 2013 


WWA Type N Buffer Integrity - 
Shade Effectiveness (Amphibians)


N/A N/A Dec-13 CWA 
2012


ISPR response matrix and revised report submitted for 
CMER review November 2013. Discussions under way about 
approaching an ISPR reviewer for clarification of review 
comments. 


WWA Amphibians in Intermittent 
Streams


Project On 
Hold


CWA 2015 CWA 2017


Settlement Agreement scheduled start date FY 2016 with 
an anticipated end date of 2025 (final report). This project is 
on hold until the Hard Rock Rpt. completed to determine if 
needed. 


Extensive Riparian Status & Trends 
Monitoring - Temp., Type N 
Eastside (Baseline)


Project On 
Hold


2014 On Hold. In discussion at Policy


Extensive Riparian Status & Trends 
Monitoring - Veg., Type N West & 
Eastside (Baseline)


Project On 
Hold


2019 On Hold. In discussion at Policy


TYPE F RULE GROUP


EWA Riparian Assessment Project 
(EWRAP)


N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A Apr-14
Completed SAGE review of Sections 1, 2 & 3 of draft report. 
Section 4 is being drafted for review by SAGE in April 2014.


WWA Type F Riparian Prescription 
Monitoring 


CWA 2014 Jan-14 Mar-14


TWIG members approved by CMER. CMER members of 
TWIG have begun work on review of critical questions and 
testable problem statement to guide development of study 
design.


EWA Bull Trout Overlay 
Temperature (Riparian 
Shade/Temperature)


Mar-14 CWA 
2011


Completion of ISPR response matrix and drafting final 
report has started.  Anticipated completion March 2014. 
Completion of final report delayed to address supplemental 
comments on statistical analysis. 


EWA Type F Riparian Effectiveness 
Monitoring (BTO Add-on) 


May-06 Aug-14


Two sites surveyed in 2013 and QA of data in process. One 
site remains to be surveyed in 2014. Once done the 5-year 
Post Harvest Survey work will be complete, and NWIFC 
CMER staff will begin data analysis in 2014.  


Riparian Hardwood Conversion Jul-13 Mar-14 CWA 
2009


Draft report reviewed by RSAG. Authors are currently 
addressing reviewer comments.


Extensive Riparian Status and 
Trends Monitoring - Temperature - 
Type F Westside, Type N Westside


CWA 2015 Mar-14


CMER review of draft report has been completed. Revisions 
based on CMER comments expected in winter-spring 2014. 
A determination if this project will go though ISPR needs to 
be made by Policy.


Extensive Riparian Status and 
Trends Monitoring - Temperature - 
Type F Westside & Eastside (Re-
sample)


Project On 
Hold


2019 On Hold. In discussion at Policy


Extensive Riparian Status and 
Trends Monitoring - Vegetation - 
Type F Westside & Eastside 
(Baseline)


Project On 
Hold On Hold. In discussion at Policy
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UNSTABLE SLOPE RULE GROUP


Unstable Slopes Criteria Evaluation 
and Development


Project On 
Hold


CWA 2012 CWA 2013
CWA 
2014 Selection of the initial writing team to occur Winter 2014


Mass Wasting Landscape Scale 
Effectiveness


Project On 
Hold


CWA 2010 CWA 2011
Settlement Agreement scheduled start date is 2015 for 
scoping. 


ROADS RULE GROUP


Roads Subbasin Effectiveness 
(Resample)


Project On 
Hold


2021 CWA 
2018


Road Prescription-Scale 
Effectiveness (BMP) Monitoring CWA 2013


Jan-13
CWA 
2018


The TWIG members were approved at CMER Oct. 2013. 
Anticipated start date of TWIG Feb. 2014


WETLANDS RULE GROUP


Wetlands Systematic Literature 
Synthesis


N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A Mar-13
CWA 
2012


Complete Draft Report delivered to CMER for review and 
comment Oct. 2013. Comments forwarded to Contractor 
for consideration Jan. 2014


Wetland/Stream Water 
Temperature Interactions


Project On 
Hold CWA 2012


On hold until the Wetland Strategy is completed. 


Forested Wetlands Effectiveness 
Study


Project On 
Hold


CWA 2013 CWA 2014 On hold until the Wetland Strategy is completed. 


Wetlands Management Zone 
Effectiveness Monitoring


Project On 
Hold CWA 2011


On hold until the Wetland Strategy is completed. 


Wetlands Program 
Research/Monitoring Strategy


CWA 2013 Apr-14 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
WetSAG will be working on the first draft of the strategy 
report with consultant Winter/Spring 2014


WILDLIFE RULE GROUP


RMZ-Resample (Birds) Jan-14
A draft report has been reviewed by CMER. A request to 
CMER has been made to forward report to ISRP  


NEW PROJECTS/NOT SCOPED


Wetland Hydrologic Connectivity
Project On 


Hold
CWA project not on CMER Master Project Schedule or 
Forest Practice Board budget sheet (FY14-22)


Watershed Scale Assessment of 
Cumulative Effects


Project On 
Hold


CWA 2015 CWA 2017
CWA 
2018


Table Legend (Colors): 


Committee Assigned Note: This color is provided to emphasis the column that communicates which science committee is currently responsible for overseeing the completion of the project.


Project Milestone Note: The milestones are located in the spreadsheet before the respective tasks for that milestone. The estimated timeframe of the milestones is the total months to complete the tasks for the respective milestone. Or, the total of all of the months it takes to complete the subtasks that follow the milestone.   


Task completed Note: The spreadsheet represents the projects in the program in a linear fashion.   The reality is that some of the tasks occur simultaneously.  The timeframe provided in months is for reference purposes and as a gauge to determine how long it could be if the project moves through its lifecycle in an a typical fashion. 


Project Milestone/Task not 
applicable to the project


Note: The N/A represents the tasks within the lifecycles of the project that were not applicable to that project. The reason for the task not being completed is different for each project and therefor not provided in the table.    


Current Lifecycle Phase of the 
Project


Note: This color respresents the current phase of the project. 


Clean Water Act Milestone Note: This color represents a CWA milestone and in most cases there is a note provided on that milestone or tasks that provides the current status as provided in the lastest quarterly update by DOE (7/22/13). 


Anticipated Start Date Note:  The year  in the cells with no color represents the fiscal year that milestone or task is intended to start work. This is based on the FY 2014-2022 Adaptive Management Program Budget (May 2013-Board Approved). 







 
 
    
 
 
 


PETER GOLDMARK 
Commissioner of Public Lands 


 
MEMORANDUM 
 
 
January 22, 2014  
 
TO: Forest Practices Board 
 
FROM: Marc Ratcliff 


Forest Practices Policy and Services Section  
 
SUBJECT: Board Manual Development update 
 
Board Manual development for 2014 includes the following: 
 
In August 2011, staff initiated a meeting to discuss potential improvements required to update all 
sections of the Board Manual. DNR recognizes the importance in these discussions and staff 
plans to convene a stakeholder meeting in March to re-visit the list of potential amendments and 
the technical aspects for all sections. The invitation will be extended to Policy Committee 
(Policy) representatives at the February Timber, Fish and Wildlife (TFW) Policy meeting.  
 
Board Manual Section 22, Guidelines for Adaptive Management Program - At their August 2013 
Board meeting, the Board approved amendments to this section resulting from the 2012 
settlement agreement. Policy had identified a number of additional amendments for program 
clarification that, due to time constraints, were not finalized prior to the August Board meeting. 
Staff plans to convene a stakeholder group beginning in March with the goal to present an 
amended section to the Board for review and approval at their November 2014 meeting. 
 
Board Manual Section 23, Guidelines for Field Protocol to Locate Mapped Division between 
Stream Types and Perennial Stream Identification, Part 2 - DNR is waiting for the Policy 
Committee to bring forward a wet season method for locating the upper most point of perennial 
flow (UMPPF) in Type N waters. Staff is delaying review of Part 2 until Policy decides on the 
guidance needed for locating the type break between Ns and Np waters. 
 
Board Manual Section 7, Guidelines for Riparian Management Zones – Staff will convene a 
stakeholder group to assist DNR in the review of this section to coincide with the development of 
clarifying language in the RMZ rules. 
 
Please feel free to contact me with any questions at 360.902.1414 or marc.ratcliff@dnr.wa.gov. 
 
MR 
 
 


FOREST PRACTICES DIVISION 1111 WASHINGTON ST SE  MS 47012  OLYMPIA, WA 98504-70 
TEL: (360) 902-1400  FAX: (360) 902-1428  TTY: (360) 902-1125  WWW.DNR.WA.GOV 


EQUAL OPPORTUNITY EMPLOYER 
 



















 
 


    
 
 
 


PETER GOLDMARK 
Washington State Commissioner of Public Lands 


 
 
MEMORANDUM 
 
January 28, 2014 
 
TO:   Forest Practices Board 
 
FROM: Marc Engel, Assistant Division Manager, Policy and Services 
  Forest Practices 
 
SUBJECT:  Rule Making Activity and 2014 Work Plan 
 
 
RMAP Clarification 
Staff will at the February meeting request Board approval to file a CR-101 Pre-proposal Statement of 
Inquiry for rule making regarding road maintenance and planning. This first step of rule making 
provides the public with the subject of the rule making and allows DNR to assemble a stakeholder 
group for the development of rule language. 
 
To provide adequate time for the preparation of rule language, cost benefit analysis, and Small 
Business Economic Impact Statement, staff I will request your approval to change the date for rule 
adoption to the November 2014 meeting. 
 
SEPA Clarification and RMZ Clarification 
Staff plans to request Board approval at the May meeting to file a CR-101 Pre-proposal Statement of 
Inquiry to initiate the rule making process for the SEPA and RMZ clarification rules. I will request 
your approval to change the completion date for rule adoption of the SEPA clarification to the 
November 2014 meeting. 
 
The timeline for each rule making is attached along with a copy of your 2014 Work Plan. 
 
The Work Plan reflects the Board’s approved changes at the November 2013 meeting. The Work Plan 
now shows annual reports for the Northern Spotted Owl Conservation Advisory Group, Taylor’s 
Checkerspot Butterfly, and the Western Gray Squirrel to be presented at the May meeting; a revised 
completion date for Board Manual Section 7 from May to November and the addition of the hydraulic 
code comments from TFW caucuses. 
 
On February 11th I will request the Board’s approval to modify your Work Plan to reflect a completion 
date of November for the adoption of the RMAP and SEPA clarification rules, and a revised 
completion date for the Compliance Monitoring Biennial Report to August. All proposed changes are 
shown in italics on the attached Work Plan. 
 
If you have any questions feel free to contact me at 360.902.1390 or marc.engel@dnr.wa.gov. 
 
MDE 
Attachment 


1111 WASHINGTON ST SE  PO BOX 47041  OLYMPIA, WA 98504-7041 
TEL: (360) 902-1250  FAX: (360) 902-1780 TTY: (360) 902-1125 
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ID Task Name Start Finish


0 2014 Rule Making Schedule Wed 1/1/14 Wed 12/31/14
1 WAC 222-16-080 Wed 1/1/14 Wed 12/31/14
2 CR101 Tue 3/4/14 Tue 5/13/14
3 CR102 (CBA, SBEIS, SEPA) Wed 5/14/14 Tue 8/12/14
4 CR103 Wed 8/13/14 Wed 11/12/14
5 Estimated effective date Thu 11/13/14 Wed 12/31/14
6 RMAP Clarification Wed 1/1/14 Wed 10/1/14
7 CR101 Wed 1/1/14 Tue 2/11/14
8 CR102 (CBA, SBEIS, SEPA) Wed 2/12/14 Tue 8/12/14
9 CR103 Wed 8/13/14 Wed 11/12/14


10 Estimated effective date Thu 11/13/14 Wed 12/31/14
11 RMZ Clarification Tue 3/4/14 Wed 12/31/14
12 CR101 Tue 3/4/14 Tue 5/13/14
13 CR102 (CBA, SBEIS, SEPA) Wed 5/14/14 Tue 8/12/14
14 CR103 Wed 8/13/14 Wed 11/12/14
15 Estimated effective date Thu 11/13/14 Wed 12/31/14


3/4 5/13
5/14 8/12


8/13 11/12
11/13 12/31


1/1 2/11
2/12 8/12


8/13 11/12
11/13 12/31


3/4 5/13
5/14 8/12


8/13 11/12
11/13 12/31


Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov
Qtr 1, 2014 Qtr 3, 2014 Qtr 1, 2015 Qtr 3, 2015 Qtr 1, 2016 Qtr 3, 2016 Qtr 1, 2017 Qtr 3, 2017 Qt


FOREST PRACTICES BOARD 
2014 Rule Making Schedule


Wed 1/29/14 - Subject to change 1







FOREST PRACTICES BOARD 
2014 WORK PLAN 


Updated 2014 


TASK COMPLETION 
DATE/STATUS 


Adaptive Management Program   
• CMER FY 2015 Work Plan and Budget* May  
• CMER Master Project Schedule prioritization* May 
• The Mass Wasting Effectiveness Monitoring Project: A Post Mortem 


Study Examination of the Landslide Response to the December 2007 
Storm in Southwestern Washington* 


February 


• Program Funding On-going 
• Compilation of TFW Caucus Comments on Hydraulic Code Revision* February 
Annual Reports   
• Clean Water Act Assurances August 
• Compliance Monitoring Biennial Report August  
• Northern Spotted Owl Conservation Advisory Group May 
• Taylor’s Checkerspot Butterfly Report May 
• TFW Cultural Resources Roundtable including WAC 222-20-120 August   
• TFW Policy Committee Priorities* August  
• Western Gray Squirrel May 
Board Manual Development   
• Section 7, Guidelines for Riparian Management Zones* November 
• Section 22, Adaptive Management Program* November 
• Section 23 (Part 2), Guidelines for Field Protocol to Locate Mapped 


Divisions Between Stream Types and Perennial Stream Identification 
May 


CMER Membership As needed 
Rule Making   
• RMAP Clarification November 
• RMZ Clarification  November 
• SEPA Clarification  November 
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  
• Legislative Update February & May  
• 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 
• TFW Policy Committee Work Plan Accomplishments & Priorities* Each regular meeting 
• Upland Wildlife Working Group Each regular meeting 
Work Planning for 2015 November  
 


Italics = proposed changes   
*= TFW Policy Committee 







 
 


    
 
 
 


PETER GOLDMARK 
Commissioner of Public Lands 


MEMORANDUM 
 
 
January 23, 2014 
 
TO:  Forest Practices Board 
 
FROM: Tami Miketa, Manager, Forest Practices Small Forest Landowner Office 
 
SUBJECT: Small Forest Landowner Office and Advisory Committee 
 
 
Small Forest Landowner Advisory Committee (SFLAC) 
The Small Forest Landowner Advisory Committee met on October 31 and December 19, 2013. 
Issues discussed included: 


• Potential measures to improve small forest landowner’s results from compliance monitoring. 
• Landowner eligibility for the Forestry Riparian Easement Program 


 
Forestry Riparian Easement Program (FREP)  
DNR continues to receive new applications for the purchase of forestry riparian easements. There 
are currently a total of 107 FREP applications on file. For Fiscal Year 13-15 biennium the FRE 
program received $2 million and is planning on purchasing a total of 13 easements.  
 
Rivers and Habitat Open Space Program (R&HOSP) 
No activity in this program since last reporting period. However, the Legislature appropriated 
$500,000 to this program for the Fiscal Year 13-15 biennium.  
 
Family Forest Fish Passage Program (FFFPP) 
The FFFPP was allotted from the Legislature $2 million for the Fiscal Year 13-15 biennium. 
For the 2014 construction season, the FFFPP plans to use remaining funds (approximately $6 
million) from the Jobs Now Act and a portion of the $2 million allotted for this biennium to 
eliminate 51 additional barriers.  
 
Long Term Applications (LTA’s) 
The approval process for long-term forest practices applications is a two-step process.  The first 
step, Phase 1, is the review and validation of the proposed harvest of the total area identified on the 
LTA; and the second step, Phase 2, is the resource protection strategies review and final approval of 
the application. In the past, this report has not identified LTA’s that are in the Validation Phase. 
Considering this is an important step from Phase 1 to Phase 2, it is prudent to document these 
additional applications moving through the process. There are a total of 151 approved long term 
applications; which is an increase of 15 approved application since the end of the last reporting 
period (10/22/2013). 
 
 
 


1111 WASHINGTON ST SE  MS 47001  OLYMPIA, WA 98504-7001 
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Forest Practices Board 
January 23, 2014 
Page 2 
 


LTA Applications LTA Phase 1 LTA Phase 2 TOTAL 
Under Review 4 4 8 
Validated 25 0 25 
Approved 2 149 151 
TOTAL 31 153 184 


 
Forest Stewardship Program 
DNR’s Forest Stewardship Program provides professional natural resource advice and assistance to 
help family forest landowners manage their lands.  
 
Education – DNR supports Washington State University Extension education programs for family 
forest owners which are attended by over 3,000 landowners annually. These educational program 
include: 


Forest Stewardship Coached Planning Classes: This comprehensive university-based forestry class 
will help landowners get the most out of the land they love and achieve their objectives. This class 
offers course topics such as:   


• How do you know if your trees are healthy? What should you do if they aren't? 
• Are characteristics of your property attracting or repelling the wildlife you enjoy? What can 


you do if wildlife causes damage? How can you create and maintain wildlife habitat on your 
land?  


• Are there certain trees you should always keep or remove? How do you remove trees 
without damaging your land? 


• When selling logs, are you getting a fair deal? 
• How do you find or grow edible berries or mushrooms? How do you cut holiday greens 


without hurting the tree? 
• Are invasive and noxious weeds taking over your underbrush? What are the risks and what 


can you do about it? 
• What kind of soil do you have and how does that affect what grows? 


As part of this class the instructors will "coach" landowners in the writing of forest management 
plans that may qualify for property tax reductions or conservation cost-share grants. When: Class 
Sessions 6:00-9:00 p.m. Thursday Evenings, March 13 - May 1, 2014, Where: Thursday evening 
sessions will be held at the Rome Grange, 2821 Mt Baker Hwy, Bellingham, WA 98226.  On-Line 
Coached Planning Classes: When: 6:00-9:00 p.m. Wednesday evenings, First half: April 23 - May 
14, 2014, Second half: June 4 - June 18, 2014. 


New On-Line Classes: Animal Damage Control: This module provides an overview of the wildlife 
species that most commonly damage trees. This includes those that damage seedlings as well as 
those that damage larger trees. This module also describes control strategies to reduce or eliminate 
some types of damage. Instructor: Jim Bottorff, wildlife biologist, WA DNR (retired) 
 
Small Forest Landowner Outreach/Grant Applications 
The Small Forest Landowner Office distributed the November and January issues of Small Forest 
Landowner News. The Small Forest Landowner Survey remains open with many small forest 
landowners continuing to complete the survey and subscribe to the Small Forest Landowner News. 


1111 WASHINGTON ST SE   PO BOX 47000    OLYMPIA, WA 98504-7000 
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Forest Practices Board 
January 23, 2014 
Page 3 
 
As part of a quality improvement process, the SFLO recently analyzed the open and “click-through” 
rate for the last four Small Forest Landowner (SFLO) newsletters.  What follows is a snapshot of 
our “open rate” (how many landowners opened the e-mail with the newsletter)  and what our 
subscribers are reading (“click-throughs”). 
 
The newsletter’s open rate has consistently ranged between 38% and 40%.  Constant Contact 
reports an average of about 25% for government publications in general.  
 
Content Popularity 
Feature articles consistently have the highest “click-throughs”, closely followed by regular features 
such as “Do You Own Forest Land” and listings for upcoming workshops.   
 


Category 


Click-throughs (average) 
Four Month 
Average 


July 
2013 


September 
2013 


November 
2013 


January 
2014 


Events/Classes 5.70% 3.05% 2.63% 1.55% 3.23% 
Feature Articles 7.55% 6.16% 5.30% 8.44% 6.86% 
Regular Features 4.98% 5.08% 5.52% 6.83% 5.60% 
DNR Web Page 0.90% 2.10%  0.7% 1.23% 
Misc. Web Link 0.10%  2.10%  1.10% 
SFLO Survey on Survey 
Monkey 6.30% 8.40% 


 


 
0.9% 5.20% 


SFLO Web Page 
 


1.20% 
 


0.4% 0.80% 
WSU Extension Web Page 0.70% 2.60% 0.50%  1.27% 


 
While the popularity of the articles in each edition of the newsletters varies considerably, generally 
articles related to forest pests/bugs and money ranked the highest in popularity.   
  
SFLO staff continues to interact with stakeholders at DNR Regional Timber Fish and Wildlife 
Meetings and attend Washington Farm Forestry Association Meetings to promote the program and 
answer landowner’s questions. Staff recently attended the South Sound WFFA meeting to discuss 
enhancing aesthetics and recreation on small forest lands. The SWWA Landowner Assistance 
Forester also met with a class from Grays Harbor Community College to discuss how stewardship 
plans are created. 
 
The SFLO recently developed a Southeast Region Landowner Assistance Outreach Plan directed at 
helping landowners address forest health issues and reduce wildfire danger on their lands.  The 
outreach consisted of brochures for distribution, material support for community meetings 
community group support, press releases, and public service announcements.   
 
Please feel free to contact me at (360) 902-1415 or tamara.miketa@dnr.wa.gov if you have further 
questions.  
 
TM/ 


1111 WASHINGTON ST SE   PO BOX 47000    OLYMPIA, WA 98504-7000 
FAX: (360) 902-1775   TTY: (360) 902-1125   TEL: (360) 902-1000 


Equal Opportunity Employer / Affirmative Action Employer 



mailto:tamara.miketa@dnr.wa.gov





Cultural Resource Roundtable  


January 21, 2014 


 


MEMORANDUM 


TO:   Forest Practices Board 


FROM:   Timber/Fish/Wildlife Cultural Resources Roundtable Co-Chairs 
  Jeffrey Thomas, Puyallup Tribe of Indians 
  Karen Terwilleger, Washington Forest Protection Association 
 


SUBJECT: Staff Report of Timber/Fish/Wildlife Cultural Resources Roundtable to the February 
2014 Quarterly Forest Practices Board meeting  


 
The TFW Cultural Resources Roundtable is pleased to submit this latest report to the Forest Practices 
Board.  


Again, the report is in the form of the Roundtable’s Action Item list.  This list is reviewed quarterly by the 
Roundtable and updated here to reflect current activities.  Changes from our previous report (dated 
November, 2013) are highlighted in red and italic print. 


During the first six months of 2014, the Roundtable will focus on completing additional guidance for 
identifying cultural resources and complying with state law, reviewing training materials and discussing 
potential amendments to the Cultural Resources Protection & Management Plan and producing a new 
logo.   


Please note: 


• Beginning January 2014, The Roundtable will hold formal meetings every other month (January, 
March, May, July, September, and November) and informal work groups during the remaining 
months.  We are maintaining momentum with email work sessions and in-person workgroups 
on specific issues between formal meetings.    


• In 2014, Tribes will also continue to host our meetings at tribal offices around the state. 







 


We look forward to your February meeting to answer questions or respond to Board requests.  Please 
do not hesitate to contact one of us before the meeting. 


jeffrey.thomas@puyalluptribe.com and (253) 405-7478 


kterwilleger@wfpa.org  and (360) 480-0927 


 


Enclosure  
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1


 2/11/2014 Changes from the previous 
report are in Red or Italics


Project 
Priority Lead Status Next Action Relationship to the 


CRPMP


High 1 Allyson 
Brooks


On hold due to 
state budget 


situation


Identify needs and potential 
resources


High 2


Target 
completion 
date: Early 


2014 


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.


Jesse and 
Gretchen In progress


Schedule work group in 
February to 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 Gretchen On going


Ecology is recommending that 
Cultural Resource be 
considered as one of three top 
priorities for Phase 2 
rulemaking. The Roundtable 
will continue to monitor


High 4 Jeffrey 
Karen Planning Schedule work group in 2014 An education component of the 


CRPMP


Medium 5 Jeffrey and 
dAVe In progress Draft  logo under review Publicity


T/F/W Cultural Resources Roundtable


Action Items


Investigate opportunities to develop training workshop curricula and 
presentation  for private industrial foresters. 


Prepare the cultural resource guidance documents and tools as agreed 
to in the CRPMP 


Seek funding and staff support for the Roundtable's work


Develop a Logo for the Cultural Resources Roundtable


Follow the State Environmental Policy Act rule making by the 
Department of Ecology to draft rules to increase categorical exemptions.  
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 2/11/2014 Changes from the previous 
report are in Red or Italics


Project 
Priority Lead Status Next Action Relationship to the 


CRPMP


T/F/W Cultural Resources Roundtable


Action Items


        Medium 6 CRPMP amendments to consider and further discuss: All Scoping 


Members of the Roundtable 
will provide suggestions for 
amendments after the 
guidance document task is 
completed.


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


Jeffrey


Low 7 Jeffrey and 
Karen On hold Wait for other higher priority 


items to be addressed


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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 2/11/2014 Changes from the previous 
report are in Red or Italics


Project 
Priority Lead Status Next Action Relationship to the 


CRPMP


T/F/W Cultural Resources Roundtable


Action Items


        On-Going 
Tasks


1 Co-Chairs Annual & quarterly obligation


2 All Communication


Jeffrey and 
Jesse


3 Jeffrey Planning Select calendaring software CRPMP Support; 
Communication


4 All Advance the Roundtable's work


5 Individual 
Caucuses


Currently the 
position has 1/2 
time funding 


Next opportunity is the 2014  
Legislature


DNR Forest Practices Program 
support


6 On hold Waiting for the next opportunity  Board Manual Section 11 
Appendix J


Create a Roundtable presentation about the CRPMP and Roundtable 
activities with a singular message and bullet points


Individual caucuses will continue to support funding for a full time 
position at DAHP for the maintenance of CR data in support of the 
forest practices risk assessment tool.


Seek funding for a CR Module pilot project


Maintain an annual calendar of recurring Roundtable tasks and 
functions and post on DNR's website. Include FP Board report due 
dates, DNR regional TFW meetings and upcoming training 
opportunities.  Emphasize accomplishments when communicating 
progress on implementing the CRPMP. Post examples of successes 
and cooperative opportunities on the DNR Forest Practices web site.  


FPB meeting  Feb 11 , Report due Jan 21 


Next opportunity for TFW presentations after 
the 20-120 rule and supporting manual is 
passed by the FPB


The Roundtable will: (a) meet quarterly; (b) Report  to the FP Board at 
each regular meeting; (c) Review the CRPMP each year; (d) Report to 
the FP Board each August on progress of the CRPMP during the 
previous FY (e) suggest recommendations for modification to CRPMP .  


Collaborate with current FP Board members 
regarding cultural resources issues coming to 


the Board.


Contact individual FP Board members to “champion” CR Roundtable 
issues


Give a CRPMP presentation at Regional TFW meetings as new 
CRPMP support material is released.
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 2/11/2014 Changes from the previous 
report are in Red or Italics


Project 
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


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


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


As requested by the FPB, review and comment on a suggestion to 
amend 222-20-120 Sub-Section (3)(c))(i)


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
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 2/11/2014 Changes from the previous 
report are in Red or Italics


Project 
Priority Lead Status Next Action Relationship to the 


CRPMP


T/F/W Cultural Resources Roundtable


Action Items


        11 Completed May 
2012


12 Completed 
June 2012


13
Completed 
September 


2012


14 Completed 
October 2012


Making available tools to 
improve identification and 
recognition of cultural 
resources in the field


15 Sherri Completed 
October 2013


Draft submitted to DNR for 
inclusion in the next update of 
FPA Instructions. 


This would be an edit to 
Appendix B of the Cultural 
Resources Protection and 
Management Plan


Improve knowledge, understanding 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.


Update the instructions for question 7 of the forest practices application.  


Two new cultural resource links have been added to the DNR Forest 
Practices webpage. Roundtable agendas, notes and action item list are 
on the Forest Practices Board's webpage


Prepare a streaming video of Lee Stilson's lecture on cultural resources 
that typically may be found in Washington's managed forests 


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. 







 
 


TFW Policy Committee 
Forest Practices Board 


 
P.O. Box 47012, Olympia, WA 98504-7012 


 
Policy Co-Chairs: Stephen Bernath, Department of Ecology 


Adrian Miller, Olympic Resource Management 
 
 
 


 
January 24, 2014 
 
TO:   Forest Practices Board 
 
FROM:  Stephen Bernath, Co-Chair 
  Adrian Miller, Co-Chair 
 
SUBJECT:  Policy Committee Quarterly Update Q4 2013 retrospective, Q1 2014 forward look. 
 
The Forest and Fish Policy Committee (Policy) continues to manage an increasing workload driven by both 
internal process deadlines as well as priorities directed by the Forest Practice Board (board). To accomplish 
this, Policy frequently schedules additional meetings beyond regularly scheduled monthly meetings to better 
address the issues and to meet completion deadlines. Policy continues to review and revise its Policy Work 
List to more effectively determine what might be accomplished during this and next calendar year. 
 
Existing Priorities  


• Water Typing 
o Type N  


 Policy continues to work on options for a wet season method to identify the 
uppermost point of perennial flow in Type N Waters. When completed, Policy will 
present this method to DNR for inclusion in Part 2, Board Manual Section 23.  


o Type F  
 Policy has concluded the second stage of the dispute resolution process without 


coming to consensus.  Per WAC 222-12-045, the adaptive management 
administrator will report the majority and minority recommendations to the board at 
the February 2014 meeting. 


 
• Mass Wasting Effectiveness Monitoring Project  


o Policy has nearly finalized recommendations in response to the Mass Wasting Effectiveness 
Monitoring Package at their January 2014 meeting.  The recommendations are undergoing 
final review by all caucuses and we anticipate a decision at the February Policy meeting. 
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o Assuming Policy approval, Jim Hotvedt, the Adaptive Management Program Administrator, 
will report on the specifics of Policy’s recommendations at the February Board meeting. 


 
New Issues 


• Hydraulic Code rules revision 
o The Washington Department of Fish and Wildlife (WDFW) has, per RCW 77.55.361 and 


Appendix M of the Forests and Fish Report, presented their new proposed Hydraulic Code 
rules in chapter 220-110 WAC to the TFW Policy Committee for review. This review 
provides an adaptive management program review and comment to the WDFW Director 
prior to WDFW presenting draft final rules to the Fish and Wildlife Commission for rule 
adoption. 


o Policy at their November 2013 meeting decided to not send the revised rules through a 
formal adaptive management review process.  Instead, caucuses may submit their comments 
to the adaptive management program administrator who will forward them to WDFW. 


o WDFW plans to initiate the CR-102 public review process in mid-May 2014.  The final draft 
Hydraulic Code rules will then be presented to the Fish and Wildlife Commission in mid-
2014, along with a cost-benefit analysis and a Small Business Economic Impact Statement 
(SBEIS) as part of the official rule adoption process.  


 
Upcoming Work in 1st Half of calendar year 2014 


• CMER workplan and budget for FY 14, Policy will:  
o Review the CMER Master Project Schedule and the associated CMER Work Plan in a 2 day-


day meeting in March 2014 
o Review FY 2015 CMER budget in full-day meeting in April 2014 
o Make decisions and prepare board recommendations on all three elements at their April 2014 


meeting 
• CMER studies coming to Policy (timeline unknown at this point) 


 
The Policy Committee workload is heavy, yet must also remain sensitive to the changes in various timelines 
and to new issues as they come up. The capacity for Policy to accept any new work as assigned by the Forest 
Practices Board, or taken on for other reasons, will require delaying existing priorities. Even considering the 
existing priorities will require scheduling additional meetings and may require (only by mutual agreement or 
further Forest Practice Board direction) changes to dispute resolution or timelines as outlined by the Board 
Manual.  
 
cc: Forest Practice Board Liaisons 
FFR Policy 


2 













		A-Adaptive Management-Hotvedt

		Adaptive Management-Hotvedt

		AMPA staff report to FBP 1-28-2014

		2013 CMER accomplishments



		AMP CMER project status-Attachment-Hotvedt

		CMER Milestones and Tasks





		B-Board Manual-Ratcliff

		C-Compliance Monitoring-Obermeyer

		Compliance Monitoring-Obermeyer

		CMP Memo 010614 - Committee Memebers



		E-Rule Making Activity & Work Plan-Engel

		Rule making Activity-Engel

		Rule making 2014 schedule

		2014 Board Workplan-2-2014



		F-SFLO Update-Miketa

		G-TFW CR Roundtable-Thomas&Terwilleger

		TFW CRR Cover-Thomas&Terwilleger

		MEMORANDUM

		FROM:   Timber/Fish/Wildlife Cultural Resources Roundtable Co-Chairs



		TFW CRR Action Item List -Attachment

		Sheet1





		H-TFW Policy Priorities-Bernath&Miller

		I-Upland Wildlife Update-Jackson

		page 1

		page 2








 
 
    
 
 
 


PETER GOLDMARK 
Commissioner of Public Lands 


January 29, 2014 


 


TO:   Forest Practice Board Members 


FROM:  Aaron Everett, Chair 


RE:   Type F briefing information 


The purpose of this memo is to provide you with some additional briefing information to aid in 
your preparation for the “Type F Dispute Resolution” item on the Board’s agenda at our 
upcoming meeting. As you know, the system of water typing embodied in our forest practices 
rules is foundational to how much stream length is buffered, and at what buffer width. This, in 
turn, determines how the resource objectives for riparian function in the Forests & Fish Report 
and the FP HCP are achieved. The Board last considered the issue of establishing a permanent 
water typing rule in 2005 and failed at that time to enact a permanent rule, owing to disagreement 
among the Board members and caucuses. 


These are complex issues, and I do not expect that Board members achieve instantaneous 
velocity in subject matter expertise. The Board will need to spend its due time to develop a 
complete understanding of the options and implications associated with transitioning from the 
interim rule to a permanent one. For the purposes of our meeting, I instructed Board staff to 
prepare the attached table which seeks to highlight the major issues of dispute around water 
typing, the corresponding Forests & Fish/HCP commitment to which they apply, and the “real-
world” practical effect of a rule change. By no means does this document provide comprehensive 
detail of all the issues surrounding water typing, and neither does it seek to portray the positions 
or contentions of individual caucuses. You should also review the individual caucus memos that 
were submitted to the Board on the Type F dispute. 


For further background on water typing, I also suggest a brief read-through of Jim Hotvedt’s 
memo transmitting the caucus recommendations. 


AE/ 


 


 
 
 
 


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 
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FOREST PRACTICES BOARD 
February 11, 2014 
 


Issue Forests & Fish/HCP commitment Practical Effects on Type F/N Break 


Water Type Rule Change  
 
The forests and fish rules intend there 
to be one permanent rule establishing 
the break between Type F and N 
Waters 
 
Policy had to address two opposing 
opinions: 
- accept the current interim rule as 
permanent; or 
-create a new permanent rule 


The Board adopted the water typing interim 
rule (WAC 222-16-031) to be implemented 
until the Board directs the permanent water 
typing rule (WAC 222-16-030) is implemented.  
 
The Board directed Policy to develop and 
make recommendations for a permanent 
water typing rule.  Policy must follow the 
process as outlined in the  Adaptive 
Management Program (AMP),  WAC 222-12-
045 – “. . . to provide science-based 
recommendations and technical information 
to assist the board 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 water typing system is included in the forest practices rules to determine what kind of riparian 
buffer is needed – how much stream length is buffered, and at what buffer width. 


• The interim rule in WAC 222-16-031 (the system currently in use) establishes a stream as a Type F 
Water based on physical conditions found on the ground such as stream width and gradient. Water 
type can be modified from the physical criteria’s designation using a “protocol survey” 
(electrofishing) method for the determination of fish use (Board Manual 13).  


• The 2001 “permanent” rule in WAC 222-16-030 (not currently used) instructs DNR to prepare water 
type maps showing the Type F/N Water break. The maps are to be based on a multiparameter, field 
verified GIS logistic regression model.  


• Opinions vary among the Policy caucuses regarding how to address the main components of this 
issue – continued use of the interim rule, modified use of the interim rule, adoption of the 
“permanent” -030 rule, and so on. 


 
 


Use of a Statistical Model to Produce 
Water Type Maps 
 
 
 
 


Schedule L-1 Functional Objective for Stream 
Typing and Passage Resource Objective is  “ 
Type ‘fish habitat’ … by using a … regression 
model …” 
 
Permanent rule (WAC 222-16-030) outlines 
the use of maps based on modeling to achieve 
an accuracy of 95%. 


• The accuracy of using a Water Type map based on a predictive multiparameter, GIS logistic 
regression model to serve as the water typing rule is in dispute within Policy. Whether the requisite 
degree of precision and accuracy can be achieved is largely the issue in question. 


• The predictive model may be improved to better predict the Type F/N Water break by re-running it 
using high-resolution Light Detection and Ranging (LiDAR) data.  


o Schedule L-1 resource objective may need to be revised if a model is not used for water 
typing. 


• Use of a model also represents a choice between basic administrative frameworks for field 
implementation – having the map serve as rule with no opportunity to make site-by-site 
adjustments, versus map as a starting point and continued use of site-specific evaluations. 


Definition of Fish Habitat 
 


From 1999 FFR -  “If statewide water type 
maps are not available by the time of rule 
adoption, water typing will proceed under an 
interim rule modeled after the current 
emergency rule …  the line demarcating fish 
and non-fish habitat waters will be drawn so 


• Basic dispute arises from the lack of quantitative review of current application of interim rules to 
determine if habitat for all fish species are being protected 


o The forest practices rules focused on protection of anadromous fish prior to the 2001 
permanent forest practices rules. The inclusion of “used by fish at any life stage at any 
time…” was established in the Forests and Fish Report and changed in the forest practices 
rules in 2001. Current procedures, such as physical criteria used, reflect some of these 
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FOREST PRACTICES BOARD 
February 11, 2014 
 


as to be equally likely to be over and under 
inclusive.” 
 
Schedule L-1 Functional Objective for “Stream 
Typing and Fish Passage Resource Objective is 
“Type ‘fish habitat’ streams to include habitat 
which is used by fish at any life stage, at any 
time of the year, including potential habitat 
likely to be used by fish which could be 
recovered by restoration in management, and 
including off-channel habitat …” 


legacy issues. 
• The process for locating the Type F/N Water break may be changed if either the use of the current 


interim water typing strategy based on physical conditions and protocol surveys (electrofishing) or 
the use of the predictive regression model is not found to protect all species of fish. 


o The interim rule in WAC 222-16-031 establishes a stream as a Type F Water either based on 
onsite physical criteria and/or by using a protocol survey method for the determination of 
fish use (Board Manual 13).  


 


Shared Risk Schedule L-1 Performance Target for stream 
typing functional objective is “statistical 
accuracy of +/- 5%, with line between fish and 
non-fish habitat waters equally likely to be 
over and under inclusive.” 


• No rule set can perfectly anticipate all possible on-the-ground conditions. The concept of shared 
risk originates with the Forests & Fish agreement and is to insure that the rules result in equal 
shares of over-protecting in some cases and under-protecting in others. Shared risk relates to the 
degree to which the currently applied rules or permanent water typing rules contain equally 
distributed error across the landscape.  


o The concept can be applied to any of the individual sub-issues of dispute, but most broadly 
applies to the degree of over- or under-protection that applies to the water typing system 
in aggregate. 


Protection of Off-Channel Habitat 
 
 


Schedule L-1 Functional Objective for “Stream 
Typing and Fish Passage Resource Objective is 
“Type ‘fish habitat’ streams to include …  off-
channel habitat …” 
 
 


• Any permanent rule must contain off-channel habitat considerations for Type F water. 
• The riparian buffer starts at the outer edge of off-channel habitat, which has the effect of enlarging 


the buffer from one that would have been based on the bankfull width of the main channel. 
• Several caucuses at Policy believe an inconsistency exists in the definitions of off-channel habitat in 


the interim (-031) and permanent (-030) water typing system rules. The degree to which DNR field 
implementation of the rules actually include off-channel under the interim rule is also disputed. The 
off channel definitions in rule are: 


 
 
WAC 222-16-030 Water Typing System 
*(2) "Type F Water" means segments of natural waters . . . which are within the bankfull widths of defined 
channels and periodically inundated areas of their associated wetlands, . . . which . . . contain fish habitat or 
are described by: 


(d) Riverine ponds, wall-based channels, and other channel features that are used by fish for off-
channel habitat. These areas are critical to the maintenance of optimum survival of fish. This habitat shall 
be identified based on the following criteria: 
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(i) The site must be connected to a fish habitat stream and accessible during some period of the year; 
and 


(ii) The off-channel water must be accessible to fish. 
 
WAC 222-16-031 Interim Water Typing System 
*(2) "Type 2 Water" (Type F Water) means segments of natural waters which . . . have a high fish, wildlife, 
or human use. These are segments of natural waters and periodically inundated areas of their associated 
wetlands, which: 


(d) Are used by fish for spawning, rearing or migration. Waters having the following characteristics are 
presumed to have highly significant fish populations; or 


(e) Are used by fish for off-channel habitat. These areas are critical to the maintenance of optimum 
survival of fish. This habitat shall be identified based on the following criteria: 


(i) The site must be connected to a fish bearing stream and be accessible during some period of the 
year; and 


(ii) The off-channel water must be accessible to fish through a drainage with less than a 5% gradient. 
*(3) "Type 3 Water" (Type F Water) means segments of natural waters which . . . have a moderate to slight 
fish, wildlife, or human use. These are segments of natural waters and periodically inundated areas of their 
associated wetlands which: 
(b) Are used by fish for spawning, rearing or migration. The requirements for determining fish use are 
described in the board manual section 13. 
 
For the purposes of this interim water typing system, Type 2 and 3 waters are encompassed within the 
definition of Type F.  


Use of Default Physicals (for Stream 
Typing) 
 
 


From 1999 FFR: “If statewide water type maps 
are not available by the time of rule adoption, 
water typing will proceed under an interim 
rule (WAC 222-16-031) modeled after the 
current emergency rule but modified in the 
following respects … the risks between 
resource protection and timber harvest will be 
revised so that the line demarcating fish and 
non-fish habitat waters will be drawn so as to 
be equally likely to be over and under 
inclusive; and … electro-fishing to prove the 
presence or absence of fish will no longer 


• The interim rule in WAC 222-16-031 establishes a stream as a Type F Water based on physical 
conditions found on the ground and/or by using a protocol survey method (electrofishing) for the 
determination of fish use (Board Manual 13).  


o The physical conditions are: 
WAC 222-16-031 Interim Water Typing System 
(3)(i) Waters having any of the following characteristics are presumed to have fish use: 
(A) Stream segments having a defined channel of 2 feet or greater within the bankfull width in 


Western Washington; or 3 feet or greater in width in Eastern Washington; and having a 
gradient of 16 percent or less; 


(B) Stream segments having a defined channel of 2 feet or greater within the bankfull width in 
Western Washington; or 3 feet or greater within the bankfull width in Eastern Washington, 
and having a gradient greater than 16 percent and less than or equal to 20 percent, and 
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affect stream type determination from an  
operational standpoint.  Stream reaches 
previously field-verified, as fish-bearing will 
not be re-categorized as non-fish bearing”. 
 
Physical parameters for stream typing is 
provided under the interim rule (WAC 222-16-
031)  


having greater than 50 acres in contributing basin size in Western Washington or greater 
than 175 acres contributing basin size in Eastern Washington. 


• The degree to which the rule identified physical conditions over/under predicts fish habitat are a 
disputed issue within Policy. 


Electrofishing/Protocol Surveys From 1999 FFR: “If statewide water type maps 
are not available by the time of rule adoption, 
water typing will proceed under an interim 
rule modeled after the current emergency rule 
but modified in the following respects … the 
risks between resource protection and timber 
harvest will be revised so that the line 
demarcating fish and non-fish habitat waters 
will be drawn so as to be equally likely to be 
over and under inclusive; and … electro-fishing 
to prove the presence or absence of fish will 
no longer affect stream type determination 
from an  operational standpoint.  Stream 
reaches previously field-verified, as fish-
bearing will not be re-categorized as non-fish 
bearing”. 
 
Board Manual Section 13 provides guidance 
for conducting electrofishing surveys 


• Electrofishing is a component of the current water typing system used to establish where the “last 
fish” is present in a stream. 


• The FP HCP provides limited incidental take coverage for the use of electrofishing during research 
and monitoring projects, not for broad use in water type verification. Some fish mortality may occur 
during electrofishing. 


• The Board has limited authority to directly regulate the proper operation of an electrofisher or the 
in-stream protocols for electrofishing. 


o The timing, licensing, survey processes and other technical standards are established and 
administered by the Federal Services (National Marine Fisheries Service, Guidelines for 
Electrofishing Waters Containing Salmonids Listed Under the ESA, 2000) and not DNR.  


o The Board could request Policy to seek authorization from the federal services to expand 
the timing of electrofishing to survey streams outside of the current authorized sample 
window to more accurately determine fish usage of stream segments. 


o The Board could choose to specify that the only information acceptable for use under the 
current water typing system must comply with ‘best practices,’ which are yet to be 
developed in a forest practices context. 
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Stream Downgrades From 1999 FFR: “If statewide water type maps 


are not available by the time of rule adoption, 
water typing will proceed under an interim 
rule modeled after the current emergency rule 
… Stream reaches previously field-verified, as 
fish-bearing will not be re categorized as non-
fish bearing.” 
 
Board Manual Section 13 provides alternatives 
for stream typing decisions apart from 
protocol surveys 


• The interim rule calls for waters to be classed according to physical characteristics presumed to 
have fish, or the stream can be surveyed to determine fish use according to the protocol in board 
manual section 13. 


• Streams are Type F when fish presence is confirmed through protocol surveys using electrofishing 
and/or concurrence through an ID team.  


• The current system for the upgrade/downgrade of a stream, in WAC 222-16-030, allows for a 
stream downgrade based on an on-site interdisciplinary team determination. The finding is then 
documented by a landowner on a DNR water type modification form, DNR will then update the fish 
habitat water type map as soon as practicable. If a dispute arises concerning a water type, DNR calls 
an on-site interdisciplinary team, which shall include the departments of fish and wildlife, ecology, 
and affected Indian tribes and those contesting the adopted water types, and prepares an informal 
conference note. 


Definition of Defined Channel From 1999 FFR: “[Type F waters] include all 
segments of natural waters (other than Type S 
waters) within the bankfull widths of defined 
channels …  which …  contain fish habitat” 


• Adding a rule definition for “defined channel” would establish standards to identify the channel for 
all Type S, F and N Waters 
o Uncertainty exists within Policy as to what constitutes a defined channel and if fish habitat 


includes overland flow or infrequently flooded depressions on the forest floor. Since the 
riparian buffer starts at the outer edge of the streams bankfull width, inconsistency may exist 
when applying the starting point of the riparian buffer when no clear field markers are 
identified.  


o ‘Channel’ is defined in Board Manual Section 2. 
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Permanent Natural Barriers FPHCP: Under Section  3-1.3.1 FRESHWATER 
HABITAT REQUIREMENTS, a citation states, “ 
Natural features of the landscape such as 
waterfalls, reaches of steep channel gradient, 
logjams, excessive water velocities and 
insufficient flows may permanently or 
temporarily block fish in their attempt to 
access spawning and rearing locations (Bjornn 
and Reiser 1991). The degree to which a 
natural feature blocks access often varies by 
species, and may change seasonally with 
changes in discharge. 
 
RCW 76.09.020 ‘Fish passage barrier’ means 
any artificial in-stream structure that impedes 
the free passage of fish 
 
Board Manual Section 13 outlines what 
constitutes a natural barrier 


• Adding a rule definition for “permanent natural barrier” would establish standards to assist in the 
determination of the Type F/N Water break, the point where fish are blocked from access for 
spawning and rearing. 
o Uncertainty exists within Policy regarding: 


 What constitutes a permanent natural barrier including the potential variability by fish 
species and the degree to which the barrier exists based on seasonal variability in water 
flow. 


 The ability to re-establish fish habitat when the physical characteristics presumed to 
have fish are found above a natural barrier.  Further uncertainty exists over the 
potential to apply the survey protocol (electrofishing) above a natural barrier to 
determine fish usage. 


• Additional scientific information may be needed to address disagreements regarding: 
o 16%-20% channel gradient threshold presenting a barrier to fish movement, especially if the 


channel morphology is step-pool habitat 
 
 
 
 


 
Type F Charter Board Manual Section 22 outlines the process 


for developing and implementing a Policy sub-
committee Charter 


• The Board has the authority to clearly define and assign work to Policy. 
o The Forest practices Board has the authority through the Adaptive Management Program 


rule, WAC 222-12-045 to: 
 (2)(b) give direction (assign work) to Policy and CMER; and 
 (2)(d)(i) Initiate proposals or research questions for Policy and/or CMER to 


complete to provide the Board necessary information to fulfill their duties. 
Water Typing Process 
 
 
 


The water typing modification process as 
administered by DNR under the Forest 
Practices Division’s Operations section is 
outlined in WAC 222-16-030. 


• The Water Typing rule has established the procedures for landowners to apply for, and for DNR to 
process water type modification requests and update the Water Type maps. 


• The Board can change the implementation by DNR of the water typing processes through the 
adoption of a permanent water typing rule. 


6 
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TO:  Washington State Forest Practices Board  


 


FROM:  Ecology/Department of Fish & Wildlife Caucus 


Department of Natural Resources Caucus 


Industrial Landowners Caucus 


Small Forest Landowners Caucus 


Counties Caucus 


 


SUBJECT:   Joint Recommendation of Resolution of the Type F Charter 


 


DATE:  December 23, 2013 


 


 


Background:   


The Board asked Policy to prepare recommendations for implementation of the water typing system with 


an emphasis on completion of Type N water recommendations followed by recommendations for Type F 


waters.  Policy formed subcommittees for both of these issue areas.  The Type F subcommittee worked 


through calendar year 2012 focusing on implementation issues and largely avoiding substantive Policy 


concerns.  In January 2013, the Conservation Caucus invoked stage 1 of dispute.  In an attempt to 


expedite the Charter development timeline, Policy agreed to resolve the dispute by broadening the type F 


discussion and putting specific action items into a Charter.  The process of developing a Charter flushed 


out some specific areas of concern to many different caucuses that are broadly captured as: off-channel 


habitat; current practice of identifying the F/N break (electrofishing, protocol surveys, and physical 


default criteria), use of a model to produce fish habitat water type maps, and rule and guidance 


implementation.   


 


Despite progress in outlining the details of these issues in a Charter, there remained some overarching 


concerns with respect to two fundamental concepts related to shared risk and fish habitat. Some caucuses 


strongly believed that until there was a common understanding of these fundamental concepts, further 


progress on the tasks identified in the charter would be difficult. In July 2013, the Conservation Caucus 


exercised their right to invoke stage two of dispute resolution, and Policy agreed to focus on resolving 


these fundamental concepts in a mediated process.  Mediation, while helpful in creating some specific 


examples about how these concepts could be addressed within the context of some of the issue areas 


identified in the charter, did not fully satisfy all caucuses.  At the end of mediation, Policy could not agree 


on how to move forward in the dispute resolution process.  As a result, the issue of Type F water typing, 


as a whole, is before the Forest Practice Board. 


 


Policy has made slow, but steady progress on developing a common understanding of shared risk and the 


definition of habitat and on creating a draft Charter with objectives and tasks related to the identified 


Type F topics.  These are highly complex issues; many of which will require substantive policy 


discussion including requests for technical input, and potentially additional data and/or science.  


Resolution of the issues will affect ecological and economic resources.  For the adaptive management 


process to work effectively, Policy must be given the time to perform a thorough analysis of options and 


to prepare and present thoughtful science based recommended solutions to the Board. 







 


 


Recommendation:  


The five caucus majority believes the Policy Committee must present recommendations to the Board 


containing clear options with associated implications to consider before changing rules or guidance.  We 


believe the board should direct Policy to design a water typing system that meets Forests and Fish goals 


while minimizing and balancing error (shared risk).  Policy should be tasked with completing the Charter 


to collaboratively resolve these long-standing issues.  The Charter should outline specific objectives, 


tasks, timelines and identification of appropriate Policy or Technical sub-groups.  The Policy Committee 


must address the following topic areas, accompanying questions are not exclusive but are provided to 


indicate the kinds of issues being considered under each topical area.  


 Off-Channel Habitat 


o How do landowners and DNR currently identify and protect off-channel habitat based on 


current rules? 


o Are there gaps in the current identification and protection of off-channel habitat used by 


fish for essential life functions? 


o If so, how can off-channel habitat used by fish for essential life functions be clearly 


defined so that rules can be repeatable, implementable, and enforceable?  


 Electrofishing, protocol surveys, and physical default criteria 


o In the absence of a model, how does the current system balance the errors and associated 


risks in establishing the Type F/N water typing break? 


o How accurate is the current system in delineating the F/N break?  


o If there is a need to more accurately delineate the F/N break, how can the current system 


be modified to more appropriately address fish habitat and shared risk?  


 Use of a Model to produce fish habitat water type maps 


o Would an updated model (e.g. using LiDAR or other recent information) provide 


improved model performance acceptable for use (minimal and balanced error) in 


establishing a regulatory water type map that could be used in forest practices?  


o Could the current run of the model be used in areas where it works well? 


 Rule & Guidance Implementation 


o Are rule changes necessary?  If so, what are the ecological and economic impacts of the 


options? 


o Can additional rule and/or guidance make the system more effective?    


 


The completed Charter should be presented to the Board at the May 2014 meeting.  


 


In closing, the five caucus majority respectfully request the Board direct the Policy Committee to 


continue their work on development of the Charter.  Policy should also be accountable for reporting 


progress on Charter implementation on a quarterly basis, after the May 2014 Board meeting. 
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Recommendations to the Washington Forest Practices Board at its February 12, 
2014 Meeting for Further Direction to the Policy Committee on  


Next steps in Adoption of a Permanent Water Typing Rule 
 


Proposed by the Conservation Caucus 
 


December 23, 2013, revised 1/15/14 
 
PROBLEM STATEMENT:   
 
In 2005, the Forest Practices Board did not adopt as rule the FFR-proposed fish-habitat 
model (from which existing DNR hydro-layer maps are derived) to determine whether a 
water body is Type F (fish-bearing) or Type N (non fish-bearing).  Instead, the Board 
decided to maintain reliance on the interim water-typing rule (WAC 222-16-031) that 
prescribes physical channel characteristics to presume fish use and a Type F designation 
and allows the routine use of “electrofishing” to establish presently unoccupied stream 
reaches as Type N.  Additionally, since the Board did not adopt the Model as “rule”, the 
Board directed Policy to define the break between Type F and Type N waters.  Policy has 
not yet agreed to meet this goal. 
 
The status quo interim water-typing rule, however, is not biologically adequate and the 
Board has a duty to adopt a permanent rule for various reasons, including: (1) on its face, 
the interim rule does not protect off-channel habitat; (2) the interim rule permits levels of 
“electrofishing” to exclude presently unoccupied fish habitat at levels that exceed the 
terms of the incidental take permit issued by USFWS and NOAA Fisheries; (3) the 
interim rule does not consider as present-day fish habitat that habitat which is likely to be 
occupied by fish outside the spring/summer electrofishing window; and (4) the interim 
rule does not consider as habitat stream reaches that are likely to be restored as habitat 
resulting from improved riparian conditions provided by the FP HCP Type F buffers. 
 
Policy was unable to agree on a goal for a permanent stream typing rule and associated 
guidance within the timelines provided by the dispute resolution process.  The 
Conservation Caucus believes that while Caucus stakeholders achieved a greater 
understanding of each other’s respective positions on water typing, the slow rate of 
progress in finding “workarounds” for fundamental differences in perspectives between 
parties does not merit further investment of time and resources in dispute resolution 
without clarifying guidance from the Board.  Notably, Policy failed to reach a “common 
understanding of the role of shared risk in the water typing system and of the fish habitat 
definition for delineating Type F waters” which it deemed necessary to successful 
development of a Type F Charter.  The Policy Committee has now exhausted all options 
outlined in their dispute resolution process.  Accordingly, the Conservation Caucus 
respectfully requests the Board’s affirmative vote on the following five 
recommendations: 
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RECOMMENDATION 1:   
 


The Board should direct Policy to develop a permanent water typing rule 
that identifies fish habitat which is used by fish at any life stage at any 
time of the year to meet the Stream Typing Resource Objective established 
by TFW and the HCP and promised by the originally-intended permanent 
water typing rule regardless of whether a model is adopted as rule, i.e., a 
permanent rule that meets the intent of WAC 222-16-030 to protect all in-
channel and off-channel habitat likely to be used by fish.   


 
An affirmative vote in support of this Recommendation is required because, on its face, 
the interim rule does not protect physically connected “off-channel habitat” for smaller 
streams and rivers (Type 3 Waters) and does not provide the equivalent protection for 
habitat likely to be used by fish as does WAC 222-16-030, the permanent rule that was 
never adopted.1  This recommendation is consistent with the Board’s prior direction to 
Policy (2006) to define the break between Type F and Type N waters.  Doing nothing is 
not an option.  This is a policy decision grounded in the plain meaning of the FP HCP; no 
further empirical inquiry is required. 
 
RECOMMENDATION 2:   


 
The Board should direct Policy to develop a permanent water typing rule 
whose objective is to identify fish habitat accurately for the purpose of 
providing “Type F buffers” to fish habitat as defined in WAC 222-16-010 
consistent with the concept of “shared risk.”2 


 
The existing forest practice rules (WAC 222-16-010) define “fish habitat” as “habitat 
which is used by fish at any life stage at any time of the year including potential habitat 
likely to be used by fish, which could be recovered by restoration or management and 
includes off-channel habitat.”  The FP HCP also defines “fish habitat” in this manner.  
(See e.g., Schedule L-2).  We are asking the Board to clarify that any water typing forest 
practice regulation, whether model-based or not, must achieve the level of protection set 
forth in WAC 222-16-010.  Again, this is a policy decision grounded in the plain 
meaning of the FP HCP; no further empirical inquiry is required. 
 
 
 
 


                                                
1 The interim rule (WAC 222-16-031) provides less protection than the permanent rule, WAC 222-16-030, 
in part because (a) habitat likely to be used by fish in winter may be systematically eliminated through 
“electrofishing;” (b) no provision is made for potentially-recoverable habitat; (c) habitat above man-made 
barriers is not protected. 
2 The concept of “shared risk,” embraced by the FP HCP, is that no water typing system can be 100% 
accurate.  In identifying whether fish are “likely” to use habitat, the identification of fish habitat may be 
over-inclusive in some places and under-inclusive in others. See “equal error probabilities” language in –
NMFS-FWS Biological Opinion and Section 10 Statement of Findings on the Forest Practices HCP at p. 
180  (June 5, 2006). 
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RECOMMENDATION 3: 
 


The Board should direct Policy that it need not further define the meaning 
of “shared risk” beyond that contemplated by the FPHCP3.  Policy should 
develop a permanent stream typing rule that strives to identify as fish-
bearing all habitat which is likely to be used by fish with minimal risk of 
either over- or under- identifying fish habitat, and with approximately 
equal allocation of this minimal risk.  The risk of over- or under- 
identifying fish habitat and its allocation need not be determined 
quantitatively for field-based stream typing methods that do not rely on a 
statistical model. 


 
The large and small landowners have resisted attempts to refine the identification of “fish 
habitat” for purposes of a permanent water typing rule in part because they believe that a 
site-by-site habitat identification process will over-estimate fish habitat.  They evidently 
prefer a system, such as the Fish Habitat Model, which both over- and under-estimates 
habitat (although, not at 95% accuracy required under WAC 222-16-030) on the grounds 
that such a system better comports with the principle of “shared risk.” 
 
The Conservation Caucus subscribes to the concept of “shared risk” to the extent that any 
method that identifies physical fish habitat must consider the likelihood of fish occupancy 
and strive for criteria that are as accurate a proxy for actual fish use as possible.  But we 
do not believe that the principle of “shared risk” prevents Policy from collaboratively 
working together to recommend a permanent stream typing system whose objective is to 
identify “fish habitat” as it is already defined in rule.  
 
We believe Policy’s ability to agree on permanent fish habitat identification criteria will 
be enhanced by Board direction that Policy must accept the current definition of “fish 
habitat” (Recommendation 2 above) as well as the concept of “shared risk” as it is 
contemplated by the FPHCP.   


 
RECOMMENDATION 4: 


 
Direct DNR and Policy to implement further limits or improvements on the use of 
electrofishing under the current and permanent water typing systems consistent 
with the recommendations of the U.S. Fish and Wildlife Service and NOAA 
Fisheries so that WAC 222-16-010 and 222-16-030 are fully implemented. 
 


The Federal Caucus, which issued the Incidental Take Permit, has announced its concerns 
that the current interim water-typing rule permits too much electrofishing.  Electrofishing 
is known to have injurious effects on a large proportion of exposed fish and its 
application in the spring and summertime is systematically used to designated waters as 
non-fish bearing Type N waters that meet the physical characteristics of fish habitat in 
WAC 222-16-031, but which are likely overwintering habitats or habitats recovering 
from historical degradation.  Other caucuses have similarly presented their concerns 
                                                
3BO on FPHCP at 180. 
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about the scope of electrofishing.  Key reasons for the change toward increased reliance 
on physical criteria (either current or modified) and use of non-lethal survey methods 
include:  


 
1) The “take” of either listed or unlisted fish and other aquatic species caused by 


long-term, widespread use of electrofishing is not covered by the FP HCP; 
2) Electrofishing surveys are not appropriate under certain site conditions 


(degraded habitat and above man-made blockages) and seasons; 
3) Electrofishing reflects only spring/summertime fish presence; 
4) Current in-channel physical criteria are a more defensible approximation of 


the extent of fish habitat than electrofishing and can be refined through 
research. 


 
RECOMMENDATION 5:    
 


Direct DNR staff, in consultation with WDFW, to revise the model-
generated stream typing map using a highly detailed hydrography layer 
constructed from high-resolution LiDAR-derived digital elevation models 
within a limited geographical area (e.g. WAU – Watershed Administrative 
Unit) as a pilot study to examine feasibility and outcome of mapping 
improvements. 


 
There is reason to believe that even if the model-maps are never adopted as a regulatory 
representation of stream types, that a LIDAR-based model run would provide a 
substantially better starting point for stream typing efforts as well as other benefits 
associated with a more accurate depiction of streams as they exist on the ground.  This 
action also addresses FP HCP expectations that the model maps would be regularly 
updated/revised.  
 
RECOMMENDATION 6: 
 


Direct DNR, using its usual stakeholder involvement process, to promptly revise 
the Board Manual to provide clearer guidance for stream typing around barriers 
and disturbances.   


 
Issues implicating the need for additional written field guidance have been clearly 
identified by several caucuses in a draft technical memorandum, but Policy has not come 
to agreement about how to address them.  Board direction to address implementation 
issues identified by a majority of Policy caucuses through the development of Board 
Manual recommendations would break this gridlock.  Although further guidance 
improvements may be necessary upon promulgation of a permanent rule, guidance 
improvements to enhance resource protection in the near term should proceed now.  
 







 
FINAL DRAFT -- December 19, 2013 
      
Jim Hotvedt, Adaptive Management Program Administrator  
 
Department of Natural Resources 
1111 Washington St., SE 
P.O. Box 47012 
Olympia, WA 98504-7000 
 
Subject:  TYPE F – Questions and Recommendations  
 
I. Questions 
 
 
A. Should the Policy Committee develop a permanent water typing rule that applies F buffers to fish habitat as defined in 
WAC 222-16-010 and WAC 222-16-030? 
 
B. Why continue to use WAC 222-16-030 “Type F” rule language for on the ground determinations yet not follow the 
definitions of “Type F” from WAC 222-16-030, and why implement WAC 222-16-031, but not use the type 1-5 water 
typing system? 
   
C. Due to the confusion on the interpretation of WAC 222-16-031 and the resulting disagreements we continue to have 
at the Policy Committee and in the field, should the Policy Committee develop field guidance for implementing WAC 
222-16-031 that is consistent with the permanent rule WAC 222-16-030?  
 
D. Should the Policy committee recommend guidance to consistently locate the end of fish habitat on the ground, and 
should Policy make a final determination on what is a “permanent” fish barrier and what constitutes a defined channel? 
   
F. Should continuation of single pass electrofishing surveys as a benchmark for delineating the extent of fish habitat 
occur given the following information? 


1. Electrofishing likely results in federally prohibited take by two methods: (a.) direct effects of electric 
shock on fish, and (b.) false negatives achieved through surveying overwintering habitat in the spring 
and summertime that essential habitat is not buffered per rules.  
2. Spring and summertime fish distribution fluctuation with seasonal stream flow. 
3. Fish presence surveys do not identify recoverable habitats. Is it possible to explain why the current 
process for delineating Type F in the field does not use the default physical criteria to determine the F/N 
break, which accounts for seasonal variability and restorable habitat?  


  
II. Recommendations 
 
 
A. Issue 1:  Different Water Type Standards from Permanent/030 and Interim/031 Rules Get Implemented. 
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 This disagreement is a result of the difference in rule language between WAC 222-16-031 and WAC 222-16-030. 
Merging 030 and 031 would ensure proper determination of fish habitat by finalizing the definition of Type F Waters to 
include off-channel habitat. It would also confirm that stream associated wetlands are protected as defined in 030 and 
031. In addition, this provides an opportunity to address how to best move forward in the absence of having a final 
model. The issues get too easily confused since the AMP implements 031 while working to finalize 030. And 
operationally, water typing also occurs under a mixture of 030 and 031 language. 
 


• Solution: Merge 030 and 031 for the purposes of water typing and to provide a definition of fish 
habitat. And create a water typing strategy that uses physical defaults and ID Teams to make Type F 
determinations. 


 
 
B. Issue 2:  Fish Distribution and Fish Habitat Cannot be Determined by a Single Pass Electrofishing Survey. 
 
 There are years of debate among experts regarding single pass electrofishing surveys. These surveys do not 
account for seasonal variability of fish distribution and recoverable habitat. As a result, permanent downgrades to 
modeled fish habitat can occur. This method was intended to be a short term solution while the model was finalized. 
Today we still do not have a reliable model and the protocol surveys are done without considering if spring and summer 
fish presence actually accounted for fish habitat. In addition, this approach does not consider habitat that has the 
potential to be restored and maintained, which is one of the foundational principles of our HCP and essential for the 
protection of endangered species.  
 


Solution: Discontinue the use of electrofishing for permanent downgrades of streams because of the 
limited survey window and the ineffectiveness of determination of fish habitat. 


 
 
C. Issue 3:  Default Physical Habitat Criteria Are a More Appropriate Measure of Fish Habitat. 
 
 To comply with the Incidental Take Permits issued under the ESA for our HCP, it is our position that the use of 
physicals nearly eliminates the use of electrofishing surveys and the likely unacceptable level of take that occurs on 
listed species. Default physicals could be used in conjunction with a final definition of defined channel, permanent 
natural barriers, and Board Manual guidance on how to determine fish habitat in the field. In addition, clarification of 
when and where electrofishing surveys can occur likely provides final resolution on the determination of fish habitat.  
 The counter argument from some caucuses is that the current physicals over predict fish habitat. But, this is 
solely based on the one pass survey method that uses presence to determine the extent of fish habitat. Physicals can 
also under predict fish habitat and this has been confirmed through the use of one pass surveys as well. Therefore, 
physicals should be utilized except in those instances where the presence of fish has been determined through a site 
visit and confirmed visually or through other approved methods.  
 This approach resolves longstanding disagreements at the Policy table. It also reduces the disputes that occur 
with field crews and ID Teams. Finally, this approach provides a method that can be consistently applied across all of 
DNR’s Regions, and it would fulfill WA State’s best intentions for the Forest Practices Rules to be implementable, 
repeatable, and enforceable. 
 


• Solution1: Finalize the definition of a defined channel and permanent natural barriers. Create Board 
Manual Guidance for fish habitat field determinations, including when and where electrofishing can 
occur. 


 
•  Solution2: Use current physical defaults as the tool to make the F/N break determination until a method 


is developed that fulfills WAC 222-16-030. 
 
 
 







We look forward to continuing to work with the other Caucuses to help ensure that progress and eventual resolution is 
brought back to this body when Type F is ready for action. Please contact UCUT central staff, Marc Gauthier/Forests 
Practices Coordinator or Chase Davis/Forest, Fish, and Wildlife Liaison, should you have questions or require additional 
information about our Type F recommendations. Thank you for your time and consideration. We appreciate the 
opportunity to share our thoughts on this critically important matter. 
 
 
Sincerely, 
 
 
 
D.R. Michel, Executive Director 
 







2014jan15 W side tribal proposal Type F                                                                                              page  1 


 


MEMO  
TO: Washignton State Forest Practices Board 
FROM: West Side Tribal Caucus of the Forests & Fish Policy Committee 
DATE: January 15, 2014 
RE: Recommendations for Board actions on Type F issues 
 
Background: 
Because the Forests & Fish Policy efforts to develop a charter work plan for Type F water typing issues, the West 
Side tribes make the following recommendations for Board action that can move resolution of the Type F issues 
forward. 
 


Type F West Side Tribal Recommendations 
January 15, 2014 


Rule-related Recommendations: 
West side Tribal Caucus thoughts:  The current interim rule suffers from implementation issues, but the rule itself 
is adequate for the most part. 
West side Tribal Caucus recommendations:  


1. Make minimal changes to the current rule to change it to permanent, clean up any discrepancies in order 
to eliminate use of the map as rule, and any other related language changes needed.   


2. No changes to fish habitat definitions are recommended.   
3. Rule change is recommended to eliminate downgrading streams that have been field surveyed and 


determined to have fish.  Once a stream is verified to have fish, there should be no further effort to 
determine fish presence or absence.  This is stated in the FFR, and in DNR Q/A document, but not in rule 
yet.  It is needed in the rule so that it is clearly required. 


4. DNR - Revisit the water type improvement project of 2010.  Some changes were made, but 
implementation has been spotty and has wavered in various DNR regions.  Revisit with the stakeholders 
and coordinate the implementation so all DNR regions are carrying out WTM properly. 


 
Guidance-related Recommendations: 
West side Tribal Caucus thoughts:  Tribes have participated in many field reviews of water type situations that 
occur at multiple sites.  The “Tech\Ops” memo captured many of these repetitive issues and proposed guidance 
for those issues.  We are currently working these issues out on the ground, FPA by FPA, and have been able to 
come to agreement.  This requires a lot of time and arguing that could be lessened if recommendations are 
captured in written guidance.  
West side Tribal Caucus recommendations:  


1.  DNR lead a stakeholder group on revising Board Manual 13, “Guidelines for Determining Fish Use for 
Purposes of Water Typing”.  This can be done now according to current rules.  Later rule changes can be 
incorporated into the manual at the time of rule adoption.   
a.  Provide guidance on the items in the “Tech/ops” memo.   
b. Clarify off-channel habitat within the current rules.   
c. This work would eliminate the need for the “Lenny memo”. 


2. Take the completed proposed Board Manual to the Forest Practices Board for adoption. 
 
 
Water tye map & model-related Recommendations: 
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West side Tribal Caucus thoughts:  The tribes have no confidence in re-running the geomorphic model, whether 
with DEM’s or LiDAR-based elevation models, because the cost is high, and the product is not likely to be of the 
quality desired.  At most a LiDAR-based model would produce a better screening tool, due to better modeling of 
the hydrography.  Also, DNR does not have the resources to support the map with field review on the non-forest 
areas or updating those water types on the map, but these non-forest areas are critical to endangered species.  
The water typing maps need to reside with an agency that covers all land uses, and has personnel to support the 
GIS layer and provide field implementation assistance to all types of land uses. 
West side Tribal Caucus recommendations:  
1.   Report to the Board on inaccuracies of water typing maps – assign a technical team or find volunteers 
2.  Ask DNR to investigate what it would take to acquire state-wide coverage of LiDAR which can be used to better 
model the hydrography than the 10-meter DEM’s (LiDAR is also a very important tool needed for use in screening 
for unstable slopes)  Collaborate with other agencies, counties/cities, Puget Sound Partnership, University of 
Washington, etc.  The LiDAR would be used as a screening tool. 
3.  Consider moving the water typing administration to the Department of Ecology because the same maps are 
used by all land uses – forestry, cities, counties, etc.  Provide for either Ecology or DNR or a blend of agency 
responsibilities that will adequately support water typing maps and field implementation on all land uses. 
 
Electrofishing-related Recommendations: 
West side Tribal Caucus thoughts:  The tribes believe that they understand the effects on fish populations of 
proper use of electro-fishing for water typing purposes, and believe it is a useful tool whose gains outweigh the 
impacts of using it, when used properly.  
West side Tribal Caucus recommendations: 


1.  In order to get everyone to the same level of understanding, and to agree on proper use of electro-fishing 
in protocol surveys, the tribes ask the Board to appoint a technical group to investigate the recent 
research in the field, and bring a recommendation on proper use of electro-fishing and the effects of such 
use to FFR Policy and the Board. 


2. Ask DNR/DFW to determine the extent of electro-fishing statewide to date and report to FFR Policy and 
the Board.  


3. We recommend that all fish detected (not just last fish detected) be included in the Water Type 
Modification (WTMs), and that this data be entered into a database.  This way, the impacts on fish from 
electro-fishing will be more than an ephemeral process, but will provide valuable, long-term information, 
better justifying the use of electro-fishing. 


4. FFR Policy will develop a recommendation to the Board on use of electro-fishing. 
 
For questions or clarifications, contact Jim Peters, NWIFC, 360-528-4375, jpeters@nwifc.org 
 
 
 
 
 
 
 



mailto:jpeters@nwifc.org
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FORESTS AND FISH CONSERVATION CAUCUS 
 


c/o Washington Forest Law Center       Tel: (206) 223-4088 
(Coordinating Organization)        Fax: (206) 223-4280 
615 Second Avenue, Ste 360 
Seattle, WA 98104 
 
 
January 16, 2014 
 
Aaron Everett and Mark Engel, Washington Dept. of Natural Resources 
Stephen Bernath and Tom Laurie, Washington Dept. of Ecology 
Mark Doumit and Karen Terwilleger, Washington Forest Protection Association 
Terry Jackson, Washington Dept. of Fish and Wildlife 
Dick Miller, Washington Farm Forestry Association 
Kendra Smith, Skagit County 
  
Re:   The Five Caucus’ Recommendation to the Forest Practices Board Relative to the 


“Type F” Issue 
  
Dear Five Caucus Colleagues: 
  
In a Memorandum dated December 23, 2013 (Attachment 1), your Caucuses request the Forest 
Practices Board (Board) to remand the “Type F” issue back to Policy at the Board’s February 11, 
2014 meeting for further Policy deliberation on the development of a permanent water typing 
rule.  As you know, after proceeding through two stages of Dispute Resolution (including 
mediation), the Policy Committee could not reach consensus on either a permanent water typing 
rule or the steps necessary to make this decision.  
 
In our view, the proposed path you seek—an immediate Board remand to Policy—is inconsistent 
with the new Adaptive Management protocols set forth in the Settlement Agreement dated May 
24, 2012 (SA, Attachment 2).  While the Board can request Policy to deliberate further before 
the Board takes action at a subsequent Board meeting, the Type F issue cannot simply be 
remanded to Policy for further development of a proposal over the ensuing five months.  There 
is nothing in your request of the Board that would provide additional substantive guidance to 
Policy and therefore, asking the Board to default to a remand fails to recognize the fact that there 
is substantive disagreement among Policy members over how to resolve the Type F dispute.  
How is the state/landowner proposal, a delay of 5 months, going to remedy the unresolved 
disputes without Board guidance? 
  
Since approximately summer of 2011, the Policy Committee and a technical sub-committee of 
Policy has been grappling with whether Policy should recommend to the Board that it adopt a 
permanent water typing rule and, if so, what the permanent rule and/or associated Board Manual 
guidance should entail.  In January 2013, after Policy could not agree, the Conservation Caucus 
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Conservation Northwest  ▪  Olympic Forest Coalition  ▪  Pacific Rivers Council  ▪  Washington Environmental Council 
Washington State Chapter of the Sierra Club  ▪  Washington Forest Law Center  ▪  Wild Fish Conservancy 
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invoked Stage 1 of Dispute Resolution (DR) and, because consensus again could not be reached, 
the CC invoked Stage 2 DR in July 2013.  Stage 2 DR ended on December 5, 2013 and, despite 
mediation by an attorney-mediator, Policy still could not reach consensus on the parameters of a 
permanent water-typing rule. 
  
Subsequently, consistent with the new Adaptive Management rules (WAC 222-12-045, Section 
22) resulting from the SA, the TFW Policy Caucuses prepared split “recommendations” to the 
Board.  Four recommendations emerged from this process:  one by the Conservation Caucus, one 
by a five-Caucus group consisting of DNR, WDFW, Ecology, Industrial and Small forest 
landowners, and the Counties, and one each from the Westside and Eastside Tribes, respectively. 
  
The five caucus recommendation asks the Board to take several next steps.  First, they 
recommend that the Board give Policy “the time to perform a thorough analysis of options and to 
prepare and present thoughtful science based recommendations to the Board.”  Second, they state 
that, “The Policy Committee must present recommendations to the Board containing clear 
options with associated implications to consider before changing the rules or guidance.”  Third, 
they recommend that the Board “direct Policy to design a water typing system that meets Forests 
and Fish goals while minimizing and balancing error (shared risk).  Accordingly, the five 
Caucuses “respectfully request the Board direct the Policy Committee to continue their work on 
development of the Charter” with a May 2014 deadline.  In short, the five caucuses recommend 
that the Board take no substantive action on the Type F issue and clearly imply that the Board 
cannot take such action without a consensus recommendation from Policy.   
  
We strongly object to this frame of the Board’s role because this five caucus recommendation is 
inconsistent with the SA’s dispute resolution framework and constitutes a significant “process 
foul.”  Page 12 of the attached SA specifies that, absent a consensus agreement to extend, the 
maximum limit of time during which an issue can be at Policy is five (5) months, which time has 
lapsed.  Moreover, Page 12 of the SA provides, “In the event the Policy committee cannot reach 
consensus following stage 2 dispute resolution on an issue and the issue advances to the Forest 
Practices Board, the AMPA shall deliver the respective majority and minority recommendations 
to the Forest Practices Board without a separate formal recommendation. The Forest Practices 
Board shall reserve its right to ask questions of the AMPA relating to these matters.”  Because 
Policy has devoted five (5) months of time to this issue in Stage 1 and 2 dispute resolution, the 
Type F matter is now formally before the Board and the majority and minority 
recommendations are also before the Board.   Thus, any request by the five Caucuses to 
remand the matter to Policy for work on a future “recommendations” or charter document 
contravenes the intent of the SA to compel Board action on unresolved Policy matters. 
  
Our perspective is also consistent with the letter of the recently revised administrative rules 
which clearly describe the Board’s role at this juncture: “If stage two dispute resolution within 
the policy committee does not result in consensus, the program administrator will report the 
majority and minority recommendations to the board. The board will make the final 
determination regarding dispute resolution.”  WAC 222-12-045(2)(h)(ii)(D) (emphasis 
added) (Attachment 3, p. 5). 







January 16, 2014 
Page 3 
 
 
We want to be clear that we are not saying that the Board cannot request Policy to consider the 
Type F issue further.  Indeed, in our recommendations, the Conservation Caucus requests the 
Board to provide specific guidance to Policy critical to resolving the Type F issues so that Policy 
will have the benefit of the Board’s guidance before dedicating additional time /work on 
unresolved issues that have already been fully vetted through the DR process.  But the five 
Caucus letter does not simply request the Board to provide guidance to Policy and for Policy to 
reconsider its stalemate in light of this guidance until the next Board meeting; on the contrary, 
the five Caucus letter asks the Board to take no action until Policy produces a consensus 
recommendation on the Type F issue and state or implies that the Board may not and should not 
take any action on the matter until Policy vets the issue or charter further.  This option is not 
permissible under the SA and new adaptive management protocols. 
  
We respectfully request that you modify or clarify your five Caucus request to ensure the Board 
is not confused about its role as the final arbiter of unresolved Policy disputes.  Your clarification 
must make clear that the Type F issue is now before the Forest Practices Board and that remand 
to Policy for additional consideration is not an option unless and until the Board renders a 
decision on the Type F policy recommendations properly before it.  
 
Very truly yours, 
  


 
 
Mary Scurlock 
Conservation Caucus Policy Representative 


 
Chris Mendoza 
Conservation Caucus Science Representative 
 


 
 
Peter Goldman,  
Conservation Caucus Legal Counsel 
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cc: Adrian Miller 
 Aaron Everett 
 Jim Hotvedt 
 Chris Hanlon-Meyer 
 Marc Ratcliff 
 Mark Hicks 
 Claire Turpel 
 Marty Acker 
 David Powers 
 Jim Peters 
 Marc Gauthier  
 Joseph Pavel 
 Nancy Sturhan 
 Kevin Godbout 
 
 







 


 


TO:  Washington State Forest Practices Board  


 


FROM:  Ecology/Department of Fish & Wildlife Caucus 


Department of Natural Resources Caucus 


Industrial Landowners Caucus 


Small Forest Landowners Caucus 


Counties Caucus 


 


SUBJECT:   Joint Recommendation of Resolution of the Type F Charter 


 


DATE:  December 23, 2013 


 


 


Background:   


The Board asked Policy to prepare recommendations for implementation of the water typing system with 


an emphasis on completion of Type N water recommendations followed by recommendations for Type F 


waters.  Policy formed subcommittees for both of these issue areas.  The Type F subcommittee worked 


through calendar year 2012 focusing on implementation issues and largely avoiding substantive Policy 


concerns.  In January 2013, the Conservation Caucus invoked stage 1 of dispute.  In an attempt to 


expedite the Charter development timeline, Policy agreed to resolve the dispute by broadening the type F 


discussion and putting specific action items into a Charter.  The process of developing a Charter flushed 


out some specific areas of concern to many different caucuses that are broadly captured as: off-channel 


habitat; current practice of identifying the F/N break (electrofishing, protocol surveys, and physical 


default criteria), use of a model to produce fish habitat water type maps, and rule and guidance 


implementation.   


 


Despite progress in outlining the details of these issues in a Charter, there remained some overarching 


concerns with respect to two fundamental concepts related to shared risk and fish habitat. Some caucuses 


strongly believed that until there was a common understanding of these fundamental concepts, further 


progress on the tasks identified in the charter would be difficult. In July 2013, the Conservation Caucus 


exercised their right to invoke stage two of dispute resolution, and Policy agreed to focus on resolving 


these fundamental concepts in a mediated process.  Mediation, while helpful in creating some specific 


examples about how these concepts could be addressed within the context of some of the issue areas 


identified in the charter, did not fully satisfy all caucuses.  At the end of mediation, Policy could not agree 


on how to move forward in the dispute resolution process.  As a result, the issue of Type F water typing, 


as a whole, is before the Forest Practice Board. 


 


Policy has made slow, but steady progress on developing a common understanding of shared risk and the 


definition of habitat and on creating a draft Charter with objectives and tasks related to the identified 


Type F topics.  These are highly complex issues; many of which will require substantive policy 


discussion including requests for technical input, and potentially additional data and/or science.  


Resolution of the issues will affect ecological and economic resources.  For the adaptive management 


process to work effectively, Policy must be given the time to perform a thorough analysis of options and 


to prepare and present thoughtful science based recommended solutions to the Board. 







 


 


Recommendation:  


The five caucus majority believes the Policy Committee must present recommendations to the Board 


containing clear options with associated implications to consider before changing rules or guidance.  We 


believe the board should direct Policy to design a water typing system that meets Forests and Fish goals 


while minimizing and balancing error (shared risk).  Policy should be tasked with completing the Charter 


to collaboratively resolve these long-standing issues.  The Charter should outline specific objectives, 


tasks, timelines and identification of appropriate Policy or Technical sub-groups.  The Policy Committee 


must address the following topic areas, accompanying questions are not exclusive but are provided to 


indicate the kinds of issues being considered under each topical area.  


 Off-Channel Habitat 


o How do landowners and DNR currently identify and protect off-channel habitat based on 


current rules? 


o Are there gaps in the current identification and protection of off-channel habitat used by 


fish for essential life functions? 


o If so, how can off-channel habitat used by fish for essential life functions be clearly 


defined so that rules can be repeatable, implementable, and enforceable?  


 Electrofishing, protocol surveys, and physical default criteria 


o In the absence of a model, how does the current system balance the errors and associated 


risks in establishing the Type F/N water typing break? 


o How accurate is the current system in delineating the F/N break?  


o If there is a need to more accurately delineate the F/N break, how can the current system 


be modified to more appropriately address fish habitat and shared risk?  


 Use of a Model to produce fish habitat water type maps 


o Would an updated model (e.g. using LiDAR or other recent information) provide 


improved model performance acceptable for use (minimal and balanced error) in 


establishing a regulatory water type map that could be used in forest practices?  


o Could the current run of the model be used in areas where it works well? 


 Rule & Guidance Implementation 


o Are rule changes necessary?  If so, what are the ecological and economic impacts of the 


options? 


o Can additional rule and/or guidance make the system more effective?    


 


The completed Charter should be presented to the Board at the May 2014 meeting.  


 


In closing, the five caucus majority respectfully request the Board direct the Policy Committee to 


continue their work on development of the Charter.  Policy should also be accountable for reporting 


progress on Charter implementation on a quarterly basis, after the May 2014 Board meeting. 
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Settlement Agreement
Conservation Caucus, State of Washington, and


Washington Forest Protection Association


I. Recitals


1.1 By letter dated December 21, 2011, the Conservation Caucus (CC)1 notified the State of 
Washington (the Governor, the Commissioner of Public Lands, and the Director of the 
Department of Ecology) (collectively the State), the Regional Administrator for NOAA 
Fisheries, the Manager of the local U.S. Fish and Wildlife Service (USFWS) (collectively the 
Services), and the Region 10 Administrator of the U.S. Environmental Protection Agency (EPA) 
that the CC maintains several legal concerns with the Forest Practices Habitat Conservation Plan 
(FPHCP), and the associated Incidental Take Permits (ITPs), Implementing Agreement, and 
Biological Opinions (collectively the FPHCP).  The CC also identified concerns with the Clean 
Water Act assurances provided to the state forest practices program.  The CC’s December 21, 
2011, letter notified the State and Services that the CC would take legal action challenging these 
federal approvals before the expiration of the statute of limitations if improvements were not 
made.  The statute of limitations will lapse on May 26, 2012, for the USFWS ITP and June 5, 
2012, for the NOAA Fisheries ITP.


1.2 The State denies the CC’s allegations, but views the CC’s December 21, 2011, letter as 
an opportunity to improve the FPHCP’s adaptive management processes and provide clarity to 
the funding provisions of the Implementing Agreement.


1.3 The Washington Forest Protection Association (WFPA) is an association of Washington 
forest landowners whose members have a strong interest in and commitment to the success of the 
FPHCP.  WFPA denies the allegations in the CC’s December 21, 2012 letter.  WFPA also 
believes an opportunity exits to improve the FPHCP’s adaptive management processes and 
provide clarity to the funding provisions of the FPHCP Implementing Agreement to obtain long-
term regulatory certainty for the timber industry.


1.4 The CC, WFPA, and the State recognize that the CC’s threatened legal challenge raises a 
risk that a failure of assurances under RCW 77.85.190 may occur.  The CC, WFPA, and the State 
all agree that they want to avoid such a failure, and that preservation of the FPHCP is important 
to them.


1.5 The CC, WFPA, and the State recognize a successful resolution is more likely with the 
active participation and support of Washington’s federally recognized Indian Tribes (Tribes) as 
well as the forest stakeholders. The State has a strong commitment to and interest in a respectful 
government-to-government relationship with the Tribes and will collaborate with interested 
Tribes in a manner consistent with this commitment.


  
1 The CC consists of the Washington Environmental Council, Conservation Northwest, Wild Fish Conservancy, 
Sierra Club, Olympic Forest Coalition, and the Pacific Rivers Council, and is represented by the Washington Forest 
Law Center.
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1.6 The CC, WFPA, and the State (collectively the Parties) have agreed upon a set of 
recommended improvements to the existing Implementing Agreement and adaptive management 
process.  These improvements are set forth in this Agreement.


1.7 The State agrees to propose to the Services the clarification of the Implementing 
Agreement that was developed by the Parties as set forth in Section III of this Agreement 
immediately upon the execution of this Agreement.  


NOW THEREFORE, in consideration of the mutual promises and commitments contained 
herein, the Parties enter into this Agreement as follows.


II. Conservation Caucus Commitments.


2.1 In consideration of the State and WFPA’s commitments contained in this agreement, the 
CC covenants it will not file any action in any manner, or support any party participating in such 
challenge, challenging the Services’ 2006 decisions granting the State’s Incidental Take Permits 
for the FPHCP.  This waiver includes claims that the Services Biological Opinions were not 
sufficient to support the ITP issuance decisions.


2.2 The CC will not for 3.5 years from the date of execution of this Agreement file any action 
under the Clean Water Act against the Department of Ecology or EPA or support any party 
participating in such challenge alleging that the Washington State forest practices rules do not 
meet federal Clean Water Act requirements or state water quality standards.  For an additional 
six (6) months after this 3.5 year period lapses, the CC will not file any CWA action under this 
section if the CC believes that progress has been made by the adaptive management program 
relating to the Clean Water Act studies and their implementation.


2.3 The CC will not for 3.5 years from the date of execution of this Agreement file any action 
against the Services seeking re-initiation of consultation under Section 7 of the implementation 
of Endangered Species Act (ESA) regarding the FPHCP or any other citizen suit under the ESA 
regarding the FPHCP or support any party participating in such challenge.  If the clarifications to
the FPHCP Implementing Agreement in section III are adopted, this commitment does not apply 
to any action related to those clarifications initiated after the process identified in Implementing 
Agreement Section 7.1 is completed.  For an additional six (6) months after this 3.5 year period 
lapses, the CC will not file any ESA action under this section if the CC believes that progress has 
been made by the adaptive management program relating to studies and their implementation.


2.4 If the adaptive management proposals identified in Attachments 2 and 3 do not result in a 
change consistent with the commitments in Section IV approved by Forest and Fish Policy and 
the Forest Practices Board by December 31, 2013, then the CC commitments in paragraphs 2.2 
and 2.3 above are withdrawn.


2.5 In the event the CC files an action as described in sections 2.2 or 2. 3 of this Agreement, 
then WFPA may decline to jointly advocate under sections 4.10 and 4.11 of this Agreement, or 
discuss its legislative goals and objectives under section 4.13 of this Agreement.
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III. Clarifications to FPHCP Implementing Agreement


3.1 The State agrees to request from the Services the clarifications to the FPHCP 
Implementing Agreement set out in Attachment 1 using the process for a minor modification 
outlined in the Implementing Agreement paragraph 11.1 once this Agreement is signed.


3.2 The State agrees to request that if the Services approve these clarifications to the 
Implementing Agreement, the changes become effective May 25, 2012.


3.3 If the CC does not receive a confirmation from the Services that the Services will 
approve the proposed Implementing Agreement minor modification by May 30, 2012, this
Agreement shall become null and void.


IV. Joint Adaptive Management Proposals.


4.1 The Parties have collaboratively agreed to numerous process related improvements to the 
FPHCP’s adaptive management program.  It will, however, take time for Forest and Fish Policy 
to consider and recommend improvements to the Forest Practices Board for review and approval.


4.2 Attachment 2 identifies the Adaptive Management Proposal for Improvements to the 
Program’s Process for Making Decisions. This Attachment 2 is incorporated into this Agreement 
by reference.


4.3 Attachment 3 identifies the Adaptive Management Proposal for a Master Schedule of 
Cooperative Monitoring, Evaluation & Research Committee (CMER) work.  This Schedule is 
based, in large part, on CMER’s current work plan, as approved by Policy and the Forest 
Practices Board.  This schedule will change over time as projects are completed and/or re-
prioritized. This Attachment 3 is incorporated into this Agreement by reference.


4.4 The State, CC, and WFPA agree to initiate the joint adaptive management proposals in 
Attachment 2 and 3 with the Forest and Fish Policy Committee as soon as possible, but no later 
than the August, 2012 Forest and Fish Policy Meeting.


4.5 If another Caucus opposes these proposals, the CC, State, and WFPA will work 
collaboratively within the adaptive management program to present the case for these proposals 
to the dissenting Caucus.  This includes using the dispute resolution process.


4.6 The State, CC, and WFPA agree to advocate for proposals contained in this Agreement
(including the Master Schedule) in the adaptive management process and before the Forest 
Practices Board.  The Parties understand the adaptive management process must be used for the 
proposals to be recommended to the Forest Practices Board, and that these proposals could be 
modified by that process.  


4.7 The Parties will work to ensure that Policy will expeditiously implement the prioritized 
work plan as recommended annually by Policy and adopted by the Forest Practices Board.
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4.8 The State, CC, and WFPA agree that if the proposal in Attachment 3 results in a Forest 
Practice Board’s requirement to review and approve the CMER Master Schedule, or a Board 
determination about compliance with the Schedule, then the Forest Practices Board failure to act 
as required, as well as the Board’s approval of the schedule or determination about compliance 
with the Schedule, would be reviewable under RCW 34.05.570(4).


4.9 The State, CC, and WFPA agree, to the extent permitted by applicable law, to seek 
legislative funding levels to ensure the Washington State Department of Natural Resources 
(DNR) is allocated no less than a minimum forest practices regulatory program biennial budget 
of $22.7 million, which is necessary to support the FPHCP, including working together to 
develop a legislative proposal for a dedicated source of funds.  


4.10 The Parties will advocate before the Legislature for continued funding at historic levels
for the Forest and Fish Support Account participation grants (including non-profit organizations).


4.11 WFPA and CC will make advocacy to achieve enhanced funding for the DNR forest 
practices regulatory program a high priority in its annual government advocacy program.  


4.12 The Parties acknowledge additional resources are necessary for DNR to more effectively
administer the forest practice regulatory program.  To the extent permitted by applicable law, the 
Parties shall work collaboratively to develop a legislative advocacy strategy that obtains
additional funds that will strengthen implementation of the forest practices regulatory program.


4.13 The Parties will meet within ninety (90) days from the commence of each regular 
legislative session to discuss their respective legislative goals and priorities relating to matters 
covered by this Agreement, and will attempt to reach consensus on these goals and priorities.
During this meeting, the Parties will discuss, among other things, a joint strategy for achieving 
the funding goals and objectives contemplated in this Agreement.


V. Additional Terms and Conditions


5.1 Final Agreement. This Agreement embodies the final and entire understanding of the 
Parties pertaining to this subject matter and supersedes all prior agreements and understandings, 
except that all confidentiality agreements related to this dispute are unchanged by this 
Agreement.


5.2 Severability.  If any term or provision in this Agreement is determined to be illegal or 
unenforceable, all other terms and provisions in this Agreement shall remain effective and shall 
be enforced to the full extent permitted by law.


5.3 Jointly Drafted.  The Parties agree that this Agreement was jointly drafted, that the 
Agreement shall not be deemed prepared or drafted by any one Party, and no inference or rule of 
construction shall be applied based on the assumption that any individual Party or subset of the 
Parties drafted any provision in this Agreement.


5.4 Modification.  This Agreement may not be modified, altered, or amended, except 
pursuant to an instrument in writing signed by all Parties. 
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5.5 Good Faith.  All Parties shall exercise their good faith and diligence in cooperating to 
carry out the provisions of this Agreement. 


5.6 Jurisdiction for Disputes.  This Agreement shall be construed and interpreted in 
accordance with the laws of the State of Washington, and the venue of any action brought under 
this Agreement shall be in Superior Court for Thurston County.


5.7 Settlement Represents Agreement of the Parties – No Admissions Re Merit of Claims.  
This Agreement is the product of compromise of disputed claims, and it is not to be construed as 
an admission regarding the correctness of any claims asserted by the CC, WFPA, or the State.


5.8 Media Statements. The Parties agree to cooperate in the preparation of any press releases 
or statements to the media regarding this Agreement.


5.9 Public Disclosure. The Parties acknowledge that this Agreement, once finalized, is 
subject to public disclosure under the Public Records Act.


5.10 Informal Dispute Resolution.  Prior to seeking judicial review of any dispute under this 
Agreement, the Parties will first attempt to resolve any dispute under this Agreement through 
informal dispute resolution procedures.  The Party claiming a dispute shall provide notice to the 
other parties of any claimed dispute.  Thereafter, the Parties will meet within thirty (30) days 
from receipt of the notice to discuss a process and procedures for resolving the dispute.  
Thereafter, the Parties will meet within fifteen (15) days after the initial meeting to engage in 
dispute resolution.  At the conclusion of this dispute resolution meeting, any Party may elect to 
pursue any judicial remedy available to that Party.


5.11 Notice.  Any notice required under this Agreement shall be in writing, and it shall be 
provided to the representatives of the Parties via email and certified mail. The notice shall be 
deemed effective upon receipt by both of the other Parties.


5.12 Representatives.  The representatives of the Parties under this Agreement are as follows.  
These representatives may be changed at any time by providing written notice to each of the 
other Parties:


To the State: Commissioner of Public Lands Deputy Supervisor for Aquatics
Washington State Department of Washington State Department of
Natural Resources Natural Resources
1111 Washington Street SE 1111 Washington Street SE
MS 47001 MS 47001
Olympia, WA  98504 Olympia, WA 98504


Director Division Chief
Washington State Department AGO Natural Resources Division
of Ecology P.O. Box 40100
P.O. Box 47600 Olympia, WA  98504-0100
Olympia, WA 98504-7600
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Attachment 1
Potential Clarifications to the FPHCP Implementing Agreement


The State will request the following clarification to IA §. 7.1:


7.1 State Funding.


7.1.1 The State will use its best efforts to obtain such funds as may be needed for 
the State to fully implement the HCP.  The appropriations of State funding shall be within the 
sole discretion of the State Legislature.  The amount of State funding expended in the 2003-
2005 Biennium for administration of the Department of Natural Resources’ forest practices 
regulatory program was $16.9 million, and the amount of federal funding expended by the 
State in the 2003-2005 Biennium for administration of the Department of Natural Resources’ 
forest practices regulatory program was $5.8 million, both measured in 2005 dollars.


The State will promptly notify the Services of any appreciable reduction in available 
funding below $22.7 million measured in 2005 dollars calculated using Personal 
Consumption Expenditures Price Deflators (“PCE”), or any material change in its financial 
ability to fulfill its obligations under the HCP (Minimum Funding).  For the purposes of 
section 7.1, the forest practices regulatory program includes region operations, region 
support, GIS support, FPARS administration, compliance monitoring, training, the Forest 
Practices Board, the Small Forest Landowner Office, and the adaptive management program.


7.1.2 The State and Services will use the following process if Minimum Funding is 
not achieved in a specific legislative session:


(a) Within thirty (30) days after the effective date of the legislation causing a 
funding reduction below Minimum Funding, the State will notify the Services 
in writing that a funding reduction or material change in financial ability has 
occurred.  If deemed necessary by the Services, the Services will, within ten 
(10) days after receipt of the State’s notice, specify any short-term mitigation 
measures the State must take to avoid suspension or revocation of the permit 
until the end of the next legislative session.


(b) The State will convene a process to develop a plan to address the reduced 
funding (“Plan”).  Within thirty (30) days after giving the notice in (a) above, 
the State will convene a meeting of the Forest and Fish caucus leaders, 
including the Services, to collaborate on development of the Plan.  The Plan 
will presume that the restoration of the Minimum Funding is required, but 
may include an explanation of why restoring the Minimum Funding is not
necessary to enforce the forest practices regulatory program, including  the 
adaptive management program, or achieve the conservation goals of the HCP 
for reasons including, but not limited to, improvements or efficiencies in 
DNR’s forest practices regulatory and enforcement program, reductions in
timber harvest, or completion of adaptive management CMER projects.  The 
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Plan will also identify a strategy to restore funding to the forest practices 
regulatory program, including, to the extent permitted by applicable law, a 
joint advocacy strategy. The State shall complete its Plan by approximately 
August 15 and forward it to the Services.  If the Plan does not restore funding 
to Minimum Funding, the State must include an explanation of why the 
funding reduction is not materially necessary to enforce the forest practice 
regulations, including the adaptive management program, and must also 
identify alternatives to funding that minimize any adverse effects of the 
funding reduction on the achievement of the conservation goals of the HCP.  
As part of the collaboration, if the Services conclude that the funding 
reduction could provide less on-the-ground protection for covered species or 
would have a material adverse impact on the achievement of the conservation 
goals of the HCP, the Services will advise the State so that the State can 
modify the Plan before it is finalized.  The Services may also provide 
guidance to the State on funding priorities until the end of the next legislative 
session.


(c) By September 15 in the year prior to the next regular legislative session, the 
State will submit the Plan to the Services, the Governor, the Legislature, and 
the Forest Practices Board.  


(d) Concurrently, the Services will send the Governor, the Legislature, and the 
Forest Practices Board a letter that explains the consequences, including 
suspension or revocation of the incidental take permits, that may result from a 
failure to provide the necessary funds to implement the Plan.


(e) The State will notify the Services within thirty (30) days after the end of the 
next regular legislative session whether the Plan has been successfully funded 
and implemented.


(f) If the Plan is not fully funded or implemented, within thirty (30) days of 
receipt of the notice in (e), the Services will provide the State with an initial
assessment of whether the Plan, as funded or implemented, would enable the 
State to implement the forest practices regulatory program, including the 
adaptive management program, at comparable levels and rates to those 
analyzed by the Services in the Forest Practices Habitat Conservation Plan 
and their Biological Opinions for Permit issuance. 


(g) If the State objects to the Services’ initial assessment conducted in (f), within 
thirty (30) days after the State receives this initial assessment, the Services 
and State shall use dispute resolution under Par. 12.3.2 of this Agreement for a 
period not to exceed sixty (60) days.


(h) If the dispute is not resolved by the expiration of this period, the Services shall 
notify the State in writing whether or not one or both of the Incidental Take 
Permits will be suspended or revoked.  The Services will consider the 
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following non-exclusive factors when considering whether to suspend or 
revoke the Incidental Take Permit:  (1)  the reason(s) for the State’s non-
achievement of the Plan; (2) DNR’s most recent compliance report and the 
trend of previous years’ compliance reports; (3) the number of adaptive 
management projects conducted, completed, and (if necessary) enacted into 
rule; (4) the backlog of uncompleted adaptive management projects and the 
reasons for this backlog; (5) DNR staffing levels; and (6) the extent of the 
State’s monetary shortfall and the prospects for curing this shortfall in the 
Legislature.  The State’s successful funding and implementation of the 
adaptive management program is a mandatory element of the HCP.   The 
Services shall reinitiate consultation pursuant to 50 C.F.R. §401.16 (or its 
successor provision), on issuance of the ITP, unless the Services determine, 
based on the best available scientific information, that any deficiencies in the 
State’s funding or implementation of adaptive management would not have a 
material effect on listed species or their critical habitat.
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Attachment 2
Adaptive Management Proposal


Improvements to the Program’s Process for Making Decisions


I. Policy:


a. All participants make a renewed commitment to participation, collaboration and striving 
for consensus.


b. Change Policy committee to FPB appointment of official members as nominated by the 
respective caucus (voting) that are caucus principals or their designee (alternates should 
also be designated).  The Policy committee will be composed of caucus principles or their 
designee. The Policy committee will act as a consensus-based body.


c. For purposes of this representation, the following will each have one position on the 
committee:  One designee representing both WDFW and Ecology, Commissioner of 
Public Lands or designee, Eastside Tribes, Westside Tribes, Conservation Caucus, 
Industrial Forest Landowners, Small Forest Landowners, Federal Agencies, Local 
Government.  


d. Though Policy committee members may have support staff that can be consulted, Policy 
members or alternates are the primary participants at Policy meetings.


e. DNR will, by September, 2012, retain an independent neutral facilitator at Policy.  As 
consistent with State contracting laws and requirements, before hiring this Facilitator, 
DNR will give the Policy committee, or a subcommittee thereof, the opportunity to 
interview and consider all of the candidates.  In making a hiring decision, DNR will give 
strong consideration to Policy’s consensus opinion or, if consensus cannot be reached, to 
the opinion of the majority of the Policy committee.  The Facilitator will be brought in 
under the following circumstances:


i. During Stage 1 of Dispute Resolution, 
ii. At the discretion of the co-chairs in anticipation of a substantial issue 


being discussed,
iii. Two times per year for a meeting of the caucus principles, and
iv. For up to nine months following implementation of this agreement in 


order to enhance the participants’ ability to work together as new members 
are appointed.


II. Work Priorities:


a. Require Policy to develop and implement a prioritized work plan to be adopted by the 
FPB. 
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III. Decision Timelines/Dispute Resolution:


a. Revise dispute resolution (DR) timeline to a maximum of two (2) months in Stage 1 for 
both CMER and Policy and three (3) months for Stage 2.


b. Allow CMER to utilize stage 2 of DR.


c. If a consensus decision is not reached by CMER in stage 2, the issue will be forwarded to 
Policy by the Adaptive Management Program Administrator for a decision.


d. These changes result in a maximum 5 month DR process, though timelines may be 
extended by consensus of the committee if substantive progress is being made.


In the event the Policy committee cannot reach consensus following stage 2 dispute resolution 
on an issue and the issue advances to the Forest Practices Board, the AMPA shall deliver the 
respective majority and minority recommendations to the Forest Practices Board without a 
separate formal recommendation.  The Forest Practices Board shall reserve its right to ask 
questions of the AMPA relating to these matters.


Attachment 2-1 is a flow chart that illustrates this proposal.
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Attachment 3
Adaptive Management Proposal Master CMER Schedule


Attached is a proposed Master Schedule of Cooperative Monitoring, Evaluation & Research 
Committee (CMER) work (Attachment 3-1).  This schedule is based, in large part, on CMER’s 
current work plan (2013) as approved by the Forest and Fish Policy and the Forest Practices 
Board.  The following are components of this proposal: 


1) The Master Schedule will be adopted using the adaptive management program (AMP).  
The proposal would be approved by the Forest Practices Board, reviewed periodically, 
and likely changed over time as projects are completed and/or re-prioritized.


2) Once the Master Schedule is approved by Forest and Fish Policy and the Forest Practices 
Board, it must be reviewed and updated at least every four years.  The Master Schedule 
will prioritize projects for the next 20 years at each 4-year review.


3) The AMP will complete work according to the Master Schedule once approved by the 
Forest Practices Board, or as it is amended by the Board after using the adaptive 
management program.


4) By the May 2014 Forest Practices Board meeting and every two years thereafter, the 
AMP administrator will report to the Forest Practices Board on the progress of the 
adaptive management program.  The report will include a description of the progress 
made in implementing the Master Schedule, including work completed, projects that are 
ongoing and on schedule, those projects that are behind schedule, and the Policy response 
to final CMER reports.


5) At the next regular Forest Practices Board meeting after presentation of the progress 
report, the Forest Practices Board will make a final determination whether the AMP is in 
substantial compliance with the Master Schedule.


6) The Forest Practices Board determination and findings will be included in the DNR 
annual report to the Services in the year the determination is made.


7) If the Board determines that the AMP is not in substantial compliance with the Master 
Schedule, the Board shall so notify the Services by letter within 30 days of that 
determination


8) When this proposal is finalized, it should include any recommended changes to the 
adaptive management process that detail the development of the Master Schedule, review 
and approval, and how it will be used to guide AMP work.


9) By 2031, all of the prioritized projects on the Master Schedule, as amended by the Board, 
will be completed in accordance with this proposal.  By 2040, all of the projects on the 
Master Schedule, as amended by the Board, will be completed in accordance with this 
proposal.
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Attachment 4
FORESTS AND FISH CONSERVATION CAUCUS


MEMBERS: 


Washington Environmental Council
Joan Crooks, Executive Director
1402 Third Avenue, Suite 1400
Seattle, WA 98101
joan@wecprotects.org


Conservation Northwest
Mitch Friedman, Executive Director
1208 Bay Street, #201
Bellingham, WA 98225
mitch@conservationnw.org


Olympic Forest Coalition
John Woolley, President
PO Box 461
Quilcene, WA 98376
woolley@tfon.com


Sierra Club
Ellen Medlin, Associate Attorney
85 Second Street, Second Floor
San Francisco, CA  94105
ellen.medlin@sierraclub.org


Pacific Rivers Council
John Kober, Executive Director
317 SW Alder Street, Suite 900
Portland, OR 97204
john@pacificrivers.org


Wild Fish Conservancy
Kurt Beardslee, Executive Director
15629 Main Street NE
P.O. Box 402
Duvall, WA 98019
kurt@wildfishconservancy.org


OF COUNSEL: 


Washington Forest Law Center
Peter Goldman, Director and Staff Attorney
Wyatt Golding, Staff Attorney
615 Second Avenue, Suite 360
Seattle, WA  98104
pgoldman@wflc.org
wgolding@wflc.org







Attachment 2-1  
Policy Decision-Making Process for Non-CMER Proposal  


Substantive Issues 
(study implications, 
research & budget 


priorities, etc.) 


Non-Substantive 
Administrative Issues 


(need list of examples) 


Inform FPB 


If Policy 
non-consensus 


Informal meeting to 
describe issues & determine 


whether dispute exists 


Consensus 
reached? 


Yes 


No 


Stage 1 
Dispute Resolution 


Decision 
reported to 


Policy 


Policy Co-chairs & AMPA 
make decision & 


inform Policy on decision 


Issue 
resolved? 


Stage 2 
Dispute Resolution 


w/mediation 


Majority/Minority Reports 
presented to FPB by AMPA 


2 Months 


3 Months (5 Months Total) 


Issue 
resolved? 


Yes 


Inform FPB 


No 


Yes No 


Strive for Consensus 


Dispute resolution starts 







Recommended FP-HCP Adaptive Management Program Priority Projects Confidential - Under Confidential Agreement


Project
Project
Priority Targeted Completion


Date* 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052
CMER Staff - work on projects 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000 405000
Project Support 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000 325000
Project Administration 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000 350000


1 Type N Experimental Buffer Treatment Project in Hard Rock Lithologies 1 237,000 114,000 351,000
2 Type N Experimental Buffer Treatment Project - Hard Rock- amphib genetics - resample 1 175,000 385,000 350,000 25,000 935,000
3 Type N Experimental Buffer Treatment Project - Soft Rock Lithologies 1 360,000 382,000 75,000 360,000 360,000 150,000 75,000 1,762,000
4 Eastside Type N Forest Hydrology 1 350,000 75,000 425,000
5 Eastside Type N Riparian Effectiveness 1 75,000 75,000 150,000 350,000 350,000 350,000 350,000 350,000 350,000 150,000 75,000 2,625,000
6 Buffer Integrity - Shade effectiveness (amphibian response) 1 25,000 25,000
7 Type N Extensive Westside - Temperature     (Baseline status) 1 7,500 50,000 57,500
8 Eastern Washington Riparian Assessment (EWRAP) 1 50,000 50,000
9 Bull Trout Overlay Solar Radiation 1 0


10 Bull Trout Overlay Temperature/Shade 1 150,000 150,000
11 Eastside Type F Riparian Effectiveness (BTO add-on) 1 45,000 20,000 65,000
12 Hardwood Conversion 1 2,000 2,000 2,000 73,000 79,000
13 Type F Extensive East & Westside - Temperature    (Baseline status) 1 7,500 50,000 57,500
14 Mass Wasting Effectiveness Monitoring (Post mortem buffer effectiveness) 1 0
15 Unstable Slopes Criteria Evaluation and Development (new UPSAG) 1 50,000 75,000 Pending final scoping and mining Post Mortem data, a full-blown project may not be needed. 125,000
16 Road Sub-Basin-Scale Effectiveness Monitoring - Resample 1 75,000 700,000 150,000 75,000 1,000,000
17 Forest Practices and Wetlands Systematic Literature Review 1 50,000 50,000
18 Forested Wetlands Effectiveness Study 2 75,000 100,000 150,000 350,000 350,000 150,000 150,000 350,000 350,000 150,000 100,000 2,200,000
19 Wetlands Program Research Strategy 2 50,000 75,000
20 Wetland/Stream Water Temp Interactions 2 100,000 150,000 350,000 350,000 150,000 150,000 350,000 350,000 150,000 100,000 2,200,000
21 Wetland Hydrologic Connectivity 2 100,000 150,000 350,000 350,000 150,000 100,000 1,200,000
22 Wetlands Management Zone Effectiveness Monitoring 2 100,000 150,000 350,000 350,000 150,000 150,000 350,000 350,000 150,000 100,000 2,200,000
23 Amphibians in Intermittent Streams 2 100,000 150,000 350,000 350,000 150,000 150,000 350,000 350,000 150,000 150,000 100,000
24 Type N Extensive Eastside - Temperature   (Baseline status) 2 50,000 150,000 150,000 150,000 150,000 100,000 750,000
25 Westside Type F Riparian Prescription Monitoring 2 100,000 150,000 350,000 350,000 350,000 350,000 350,000 350,000 150,000 150,000 100,000
26 Landscape-Scale Effectiveness Monitoring 2 100,000 150,000 350,000 350,000 350,000 350,000 150,000 150,000 100,000
27 Watershed Scale Assessment of Cumulative Effects (sed & temp) 2 100,000 150,000 350,000 350,000 150,000 150,000 350,000 350,000 150,000 100,000 2,200,000
28 Road Prescription-Scale Effectiveness Monitoring 3 100,000 150,000 350,000 350,000 150,000 150,000 350,000 350,000 150,000 100,000 0
29 Windthrow Frequency, Distribution and Effects 3 100,000 150,000 350,000 350,000 350,000 150,000 100,000 1,550,000
30 Eastside Type N BCIF 3 100,000 150,000 350,000 350,000 350,000 350,000 350,000 350,000 350,000 150,000 100,000 2,950,000
31 Type F Experimental Buffer Treatment 3 100,000 150,000 350,000 350,000 150,000 150,000 350,000 350,000 150,000 100,000 2,200,000
32 Type F Extensive East & Westside - Vegetation (Baseline status) 3 100,000 150,000 150,000 150,000 150,000 100,000 800,000
33 Type F Extensive East & Westside - Temperature (Resample) 3 150,000 350,000 350,000 150,000 75,000 75,000 350000 350,000 150,000 75,000 75,000 2,150,000
34 Type F Extensive East & Westside - Vegetation (Resample) 3 150,000 150000 150,000 150,000 75,000 75,000 150,000 350000 350,000 150,000 75,000 75,000 1,900,000
35 Type N Extensive East & Westside - Vegetation (Baseline status) 4 100,000 150,000 150,000 150,000 150,000 100,000 800,000
36 Type N Extensive East & Westside - Temperature (Resample) 4 150,000 350,000 350,000 150,000 75,000 75,000 150,000 350000 350,000 150,000 75,000 75,000 2,300,000
37 Type N Extensive East & Westside - Vegetation (Resample) 4 150,000 150,000 150,000 150,000 75,000 75,000 150,000 350,000 350000 150,000 75,000 75,000 1,900,000
38 Pathways of Riparian Stand Development to Maturity 4 100,000 150,000 150,000 150,000 150,000 75,000 100,000 875,000
39 Effectiveness of RMAP Fixes 4 100,000 150,000 350,000 350,000 150,000 150,000 350,000 350,000 150,000 100,000 2,200,000
40 Westside Type N BCIF 5 76,000 81,000 157,000
41 Type N Experimental Buffer Treatment Project - Hard Rock 6 347,000 156,000 216,000 719,000
42 Type F Performance Target Validation 6 100,000 150000 350,000 350,000 150,000 100,000 1,200,000
43 Mass Wasting Buffer Integrity - Windthrow 6 See Windthrow frequency, distribution and effects above - is this the same project?  Could RILs be used as a strata or covariat in a larger study? 0
44 Road Surface Erosion Model Validation/ Refinement 6 100,000 150,000 350,000 150,000 150,000 75,000 100,000 1,075,000


1 Wetlands Overlay Project 6
3 Wetlands Intensive Monitoring 6 100,000 150,000 350,000 350,000 350,000 150,000 100,000 150,000 150,000 75,000 75,000
2 Wetlands Mitigation Effectiveness (deprioitized by CMER/ Policy) 6


2,564,000 2,323,000 2,182,000 3,413,000 3,815,000 3,815,000 3,705,000 3,555,000 4,155,000 4,380,000 3,730,000 3,180,000 3,630,000 3,406,000 3,155,000 3,230,000 3,355,000 2,180,000 1,780,000 1,380,000 1,505,000 1,505,000 1,380,000 1,330,000 1,230,000 1,380,000 1,305,000 1,305,000 1,230,000 1,305,000 1,305,000 1,155,000 1,155,000 1,080,000 1,380,000 1,780,000 1,780,000 1,380,000 1,230,000 1,230,000
Project Priority Legend
1 - Current projects
2 - CWA projects (not already implemented in 1 above)
3 - Three caucuses agree
4 - Conservation caucus and landowners agree
5 - Conservation caucus and state agree
6 - Conservation caucus only


* To be completed consistent with dates in schedule prior to adoption


CMER Work Plan projects listed below will be prioritized and budgeted at a later date by CMER/Policy.
Note: Order is not representative of review prioity. Some project may be dropped pending review of recent literature and some
projects may be added pending final results of CMER projects, further review and evaluation of "critical questions" 
in CMER's 2013 work plan, and unforeseen needs of Policy and the Board. Projects already on Policy's "Task List" do not apply.


DFC Validation Program (Rule Tool)
DFC Plot Width Standardization
DFC Site Class Map Validation
DFC Trajectory Model Validation
DFC Aquatic Habitat


Eastside Type F Riparian Rule Tool Program
Eastside Temperature Nomograph
Eastside Type F Channel Wood Characterization
Yakima River Radiotelemetry


Eastside Type F Riparian Effectiveness Program
Groundwater Conceptual Model


CMZ Delineation Program
CMZ Screen and Aerial Photo Catalog and CMZ Boundary Identification Criteria
Consistency and Accuracy of CMZ Boundary Delineations


CMZ Validation Program
Projects yet to be Identified


Unstable Landform Identification Program (Rule Tool)
Shallow Rapid Landslide Screen for GIS (Eastside)
Landslide Hazard Zonation (priority 3 watersheds)


Glacial Deep-Seated Landslides Program (Rule Tool)
Evapo-Transpiration Model Refinement
Landslide Classification
Groundwater Recharge Modeling and Model Refinement
Board Manual Revision


Mass Wasting Validation Program (Intensive)
Method to Assess Harmful Cumulative Sediment Inputs


Roads Validation Program and Cumulative Sediment Effects
Intensive Watershed-Scale Monitoring to Assess Cumulative Effects


Forest Chemicals Program (Effectiveness)
Projects yet to be Identified


Non CMER projects 
Policy will discuss the following projects and incorporate any that involve CMER into the above schedule, or discuss other approaches for 
completion, prior to sending this CMER Master schedule to the FPB for approval (which will be done in time to meet the December 31, 2013 
FPB adoption deadline in 2.4 of this Agreement).


Non CMER Projects Who is responsible? NOTES
ST


Fish Passage Rule Group
Fish Passage targeting Small Forest Landowners Program (New  Non-CMER)


Non CMER Project DNR/WDFW
Non CMER Project WDF/DNR
Non CMER Project DNR
Non CMER Project WDFW/CMER?
Non CMER Project WDFW/DNR


This projects could be 
the result of inventory 


Unstable Landform Identification Program (Rule Tool)
Non CMER Project DNR


Mass Wasting Effectiveness Monitoring Program
Non CMER Project DNR


Riparian rule tool
non CMER Project DNR


Wetlands rule tool
non CMER Project DNR
? CMER/DNR/ECY?
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WAC 222-12-045  


*Adaptive management program. 
 
In order to further the purposes of chapter 76.09 RCW, the board has adopted and will 


manage a formal science-based adaptive management program (program), as set forth in WAC 
222-08-160(2). Refer to board manual section 22 for program guidance and further information. 


 
(1) Purpose: The purpose of the program is to provide science-based recommendations and 


technical information to assist the board 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. The goal of the program is to 
effect change when it is necessary or advisable to adjust rules and guidance to achieve the goals 
of the forests and fish report or other goals identified by the board. There are three desired 
outcomes: Certainty of change as needed to protect targeted resources; predictability and stability 
of the process of change so that landowners, regulators and interested members of the public can 
anticipate and prepare for change; and application of quality controls to study design and 
execution and to the interpreted results. 


 
(2) Program elements: By this rule, the board establishes an active, ongoing program 


composed of the following initial elements, but not to exclude other program elements as 
needed: 


(a) Key questions and resource objectives: Upon receiving recommendations from the 
Timber/Fish/Wildlife (TFW) policy committee, or similar collaborative forum, the board will 
establish key questions and resource objectives and prioritize them. 


(i) Projects designed to address the key questions shall be established in the order and subject 
to the priorities identified by the board. 


(ii) Resource objectives are intended to ensure that forest practices, either singularly or 
cumulatively, will not significantly impair the capacity of aquatic habitat to: 


(A) Support harvestable levels of salmonids; 
(B) Support the long-term viability of other covered species; or 
(C) Meet or exceed water quality standards (protection of beneficial uses, narrative and 


numeric criteria, and antidegradation). 
(iii) Resource objectives consist of functional objectives and performance targets. Functional 


objectives are broad statements regarding the major watershed functions potentially affected by 
forest practices. Performance targets are the measurable criteria defining specific, attainable 
target forest conditions and processes. 


(iv) Resource objectives are intended for use in adaptive management, rather than in the 
regulatory process. Best management practices, as defined in the rules and manual, apply to all 
forest practices regardless of whether or not resource objectives are met at a given site. 


(b) Participants: The board manages the program and empowers the following entities to 
participate in the program: 


• The cooperative monitoring evaluation and research committee (CMER); 
• The TFW policy committee (and/or similar collaborative forum); 
• The adaptive management program administrator; and 


1 
 



http://apps.leg.wa.gov/RCW/default.aspx?cite=76.09

http://apps.leg.wa.gov/wac/default.aspx?cite=222-08-160





• Other participants as directed to conduct the independent scientific peer review process. 
The program will strive to use a consensus-based approach to make decisions at all stages of the 
process. Specific consensus-decision stages will be established by CMER and approved by the 
board. Ground rules will follow those established by the TFW process as defined in the board 
manual. 


(i) CMER. By this rule, the board establishes a cooperative monitoring evaluation and 
research (CMER) committee to impose accountability and formality of process, and to conduct 
research and validation and effectiveness monitoring to facilitate achieving the resource 
objectives. The purpose of CMER is to advance the science needed to support adaptive 
management. CMER also has ongoing responsibility to continue research and education in 
terrestrial resource issues. CMER will be made up of members that have expertise in a scientific 
discipline that will enable them to be most effective in addressing forestry, fish, wildlife, and 
landscape process issues. Members will represent timber landowners, environmental interests, 
state agencies, county governments, federal agencies and tribal governments from a scientific 
standpoint, not a policy view. CMER members will be approved by the board. This will not 
preclude others from participating in and contributing to the CMER process or its 
subcommittees. CMER shall also develop and manage as appropriate: 


(A) Scientific advisory groups and subgroups; 
(B) Research and monitoring programs; 
(C) A set of protocols and standards to define and guide execution of the process including, 


but not limited to, research and monitoring data, watershed analysis reports, interdisciplinary 
team evaluations and reports, literature reviews, and quality control/quality assurance processes; 


(D) A baseline data set used to monitor change; 
(E) A process for policy approval of research, monitoring, and assessment projects and use of 


external information, including the questions to be answered and the timelines; and 
(F) A biennial research, monitoring, and assessment work plan to be presented to the TFW 


policy committee at their regular April meeting beginning in 2015 and at least every two years 
thereafter. 


(ii) TFW policy committee (policy committee). The policy committee is established to 
consider the findings of CMER research and monitoring and to make recommendations to the 
board related to forest practices rules, board manual sections, and/or other guidance. Policy 
committee membership consists of caucus principals or their representatives from the following 
nine caucuses: 


• Industrial private timber landowners; 
• Nonindustrial private timber landowners; 
• Environmental community; 
• Western Washington tribal governments; 
• Eastern Washington tribal governments; 
• County governments; 
• Department of natural resources; 
• State departments of fish and wildlife and ecology; and 
• Federal agencies (including National Marine Fisheries Service, U.S. Fish and Wildlife 


Service, and U.S. Environmental Protection Agency. 
Policy committee members or their representatives are the primary participants for discussion 


and decisions at policy committee meetings. Technical or scientific staff may attend policy 
committee meetings for consultation and staff member or visitors may attend policy committee 
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meetings, but refrain from decision making. The policy committee will base consensus on one 
vote from each of the nine caucuses. The policy committee will act as a consensus-based body. 


Beginning in April 2014, the policy committee shall, among other responsibilities, and in 
cooperation with CMER, prepare for presentation to the board at their regular May meeting: 


(A) A CMER master project schedule prioritizing all CMER research and monitoring 
projects through 2031; 


(B) Assurances that the CMER work plan projects are scheduled according to the CMER 
master project schedule; 


(C) A review and update of the CMER master project schedule at least every four years; and 
(D) Assurances that all of the projects on the master project schedule, as amended by the 


board, will be completed by 2040. 
(iii) Adaptive management program administrator (program administrator). The 


department will employ a full-time independent program administrator to oversee the program 
and support CMER. The program administrator will have credentials as a program manager, 
scientist, and researcher. The program administrator will: 


(A) Make reports to the board and have other responsibilities as defined in the board manual. 
(B) Work with the policy committee and CMER to develop the CMER master project 


schedule and present it to the board at their regular May 2014 meeting; 
(C) Report to the board every two years, beginning at their regular May 2015 meeting on: 
(I) Progress made to implement the CMER master project schedule and recommended 


revisions; 
(II) The status of ongoing projects including adherence to scheduled timelines; and 
(III) Policy committee's responses to all final CMER reports. 
(iv) Forest practices board (board). The board, among other responsibilities, shall: 
(A) Require the program to complete work according to the CMER master project schedule 


as amended by the board; 
(B) Determine whether the program is in substantial compliance with the CMER master 


project schedule every two years, beginning at the regular August 2014 meeting; and 
(C) Notify the National Marine Fisheries Service and the U.S. Fish and Wildlife Service by 


letter within thirty days after the regular August meeting if the board determines the program is 
not in substantial compliance with the CMER master project schedule. 


(c) Independent scientific peer review process. By this rule, the board establishes an 
independent scientific peer review process to determine if the scientific studies that address 
program issues are scientifically sound and technically reliable; and provide advice on the 
scientific basis or reliability of CMER's reports. Products that must be reviewed include final 
reports of CMER funded studies, certain CMER recommendations, and pertinent studies not 
published in a CMER-approved, peer-reviewed journal. Other products that may require review 
include, but are not limited to, external information, work plans, requests for proposal, 
subsequent study proposals, the final study plan, and progress reports. 


(d) Process: The following stages will be used to effect change for managing adaptive 
management proposals and approved projects. If consensus cannot be reached by participants at 
any stage, the issue will be addressed within the dispute resolution process as defined in (h) of 
this subsection. 


(i) Proposal initiation: Adaptive management proposals can be initiated at this stage by any 
of the participants listed in (b) of this subsection to the program administrator, or initiation may 
be proposed by the general public at board meetings. Proposals must provide the minimum 
information as outlined in the board manual and demonstrate how results of the proposal will 
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address key questions and resource objectives or other program rule and/or guidance issues. The 
board may initiate proposals or research questions in the course of fulfilling their duties 
according to statute. 


(ii) Proposal approval and prioritization: The program administrator will manage the 
proposal approval and prioritization process at this stage and consult with CMER on the program 
workplan. CMER proposals will be forwarded by the program administrator to policy and then to 
the board. The board will make the final determination regarding proposal approvals and 
prioritization. The board will act on proposal approval and prioritization in a timely manner. 


(iii) CMER implementation of proposal: Board approved proposals are systematically 
implemented through CMER at this stage by the program administrator. 


(iv) Independent scientific peer review: An independent scientific peer review process will 
be used at identified points within this stage of implementation depending upon the study and 
will be used on specified final studies or at the direction of the board. 


(v) CMER committee technical recommendations: Upon completion, final CMER reports 
and information will be forwarded at this stage by the program administrator to policy in the 
form of a report that includes technical recommendations and a discussion of rule and/or 
guidance implications. 


(vi) Policy committee petitions and recommendations to the board: Upon receipt of a 
CMER report or a board requested action, the policy committee will prepare a report for the 
board outlining recommended actions including additional research, rule petitions, and/or 
guidance recommendations. When completed, the recommendations including rule petitions and 
the original CMER report and/or other information as applicable will be forwarded by the 
program administrator to the board for review and action. Policy committee recommendations 
for rule amendments to the board will be accompanied by formal petitions for rule making (as 
described in WAC 222-08-100 and RCW 34.05.330). The policy committee will use the CMER 
results to make specific recommendations to the board on: 


(A) The regulatory scheme of forest practices management (Title 222 WAC rules and board 
manual); 


(B) Voluntary, incentive-based, and training programs affecting forestry; 
(C) The resource objectives; and 
(D) CMER itself, adaptive management procedures, or other mechanisms implementing the 


recommendations contained in the most current forests and fish report. 
(vii) Board action to accept petitions for rule making and/or recommendations from the 


policy committee: Upon receiving recommendations from the policy committee for rule 
petitions and/or recommendations for guidance, the board will take appropriate and timely 
action. There will be a public review of all petitions as applicable. The board will make the final 
determination. 


(e) Biennial fiscal and performance audits. The board shall require biennial fiscal and 
performance audits of the program by the department or other appropriate and accepting 
independent state agency. 


(f) CMER five-year peer review process. Every five years the board will establish a peer 
review process to review all work of CMER and other available, relevant data, including 
recommendations from the CMER staff. There will be a specified, but limited, period for public 
review and comment. 


(g) Funding. Funding is essential to implement the adaptive management program, which is 
dependent on quality and relevant data. The department shall request biennial budgets to support 
the program priority projects and basic infrastructure needs including funding to staff the 
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adaptive management program administrator position. A stable, long-term funding source is 
needed for these activities. 


(h) Formal dispute resolution process for CMER and policy committee. If consensus 
cannot be reached through the adaptive management program process, participants will have 
their issues addressed by this dispute resolution process. Potential failures include, but are not 
limited to: 


• The inability of policy to agree on research priorities, program direction, or 
recommendations to the board for uses of monitoring and/or research after receiving a report 
from CMER; 


• The inability of CMER to produce a report and recommendation on schedule; and 
• The failure of participants to act on policy recommendations on a specified schedule. 
Key attributes of the dispute resolution process are: 
(i) Specific substantive and benchmark (schedule) triggers will be established by the board 


for each monitoring and research project for invoking dispute resolution; 
(ii) The dispute resolution process is available to and can be initiated by both CMER and the 


policy committee to resolve disputes that result in the course of their respective processes. 
Formal dispute resolution involves two stages and may be applied at any level of the adaptive 
management process. Any participating policy committee caucus, board approved CMER 
member, or the board, may invoke stage two, if agreement is not reached in stage one, within the 
specified time (or if agreements are not substantially implemented) as follows: 


(A) Stage one dispute resolution will be an attempt by CMER or the policy committee, as 
applicable, to reach consensus. CMER and the policy committee have up to two months to reach 
consensus under stage one; unless otherwise agreed upon by CMER or the policy committee if 
substantive progress is being made. Any party may move the process to stage two after an issue 
has been in dispute resolution before CMER or the policy committee for two months. The time 
periods commence from the date the dispute resolution process is invoked. 


(B) Stage two dispute resolution in CMER or the policy committee will be either mediation 
or arbitration. Within one month, one or the other will be picked, with the default being 
mediation unless otherwise agreed. Stage two will be completed within three months (including 
the one month to select the process) unless otherwise agreed based on substantive progress. 


(C) If stage two dispute resolution within CMER does not result in consensus, the program 
administrator will forward the dispute to the policy committee for a decision, which could 
include initiation of the dispute resolution process within the policy committee. 


(D) If stage two dispute resolution within the policy committee does not result in consensus, 
the program administrator will report the majority and minority recommendations to the board. 
The board will make the final determination regarding dispute resolution. 


 
 


[Statutory Authority: RCW 76.090.040 [76.09.040], 76.09.370, and WAC 222-08-032. WSR 13-
20-006, § 222-12-045, filed 9/19/13, effective 10/20/13. Statutory Authority: RCW 76.09.040. 
WSR 05-12-119, § 222-12-045, filed 5/31/05, effective 7/1/05. Statutory Authority: Chapter 
34.05 RCW, RCW 76.09.040, [76.09.]050, [76.09.]370, 76.13.120(9). WSR 01-12-042, § 222-
12-045, filed 5/30/01, effective 7/1/01. Statutory Authority: RCW 76.09.040. WSR 87-23-036 
(Order 535), § 222-12-045, filed 11/16/87, effective 1/1/88.] 
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http://apps.leg.wa.gov/RCW/default.aspx?cite=76.090.040

http://apps.leg.wa.gov/RCW/default.aspx?cite=76.09.040

http://apps.leg.wa.gov/RCW/default.aspx?cite=34.05

http://apps.leg.wa.gov/RCW/default.aspx?cite=76.09.040
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Washington State Forest Practices Adaptive Management Program
The Washington State Forest Practices Board (FPB) has established an Adaptive Management Pro-
gram (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 Coopera-
tive 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 For-
est 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 Mass Wasting Effectiveness Monitoring Program, and was conducted under the oversight 
of the Upland Processes Scientific Advisory Group (UPSAG).  


This document was reviewed by CMER and was assessed through the Adaptive Management Pro-
gram’s independent scientific peer review process.  This is a non-consensus CMER report not sup-
ported by all CMER members.  The minority reports are appended to the report.  


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 enti-
ties 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 Manage-
ment Program and the authors. As a public resource document, this work should be given proper 
attribution and be properly cited.


Full reference
Stewart, G., Dieu, J., Phillips, J., O’Connor, M., Veldhuisen C., 2013, The Mass Wasting Effective-
ness Monitoring Project: An examination of the landslide response to the December 2007 storm in 
Southwestern Washington; Cooperative Monitoring, Evaluation and Research Report CMER 08-
802; Washington Department of Natural Resources, Olympia, WA.







Acknowledgements


This study is dedicated in memory of Laura Vaugeois (1964 - 2008), UPSAG and CMER member, WDNR 
Geologist and friend. 


This study could not have been conducted without landowner cooperation. We would like to thank 
Rayonier, Hancock, Weyerhaeuser, Green Diamond, Sierra Pacific, Port Blakely, Longview Timber, 
and the many other smaller landowners who provided data and access to their property. We would 
also like to acknowledge some of the individuals who contributed to the study design and implemen-
tation:


Study Design: Jenelle Black, Abby Hook, Lynn Rodgers-Miller, Dan Miller, Laura Vaugeois.


Study design review: Finn Krogstad (UW), Loveday Conquest (UW), Liz Dent (ODF), George Ice 
(NCASI), Keith Mills (ODF), David Tarboton (USU), Paul Bakke (USFWS), Venice Goetz 
(WDNR), Paul Kennard (Tatoosh Geomorphology), Doug Martin (CMER), Dick Miller 
(CMER), Nancy Sturhan (WDNR).


Implementation: Garth Anderson, Phoebe Bass, Laurie Benson, Jenelle Black, Tom Boyd, Kai Breth-
erton, Celeste Buechel, Terry Curtis, Casey Hanell, Dawn Hitchens, Teresa Miskovic,  Jim Mur-
phy, Gabriel Legorreta-Paulin, Rob Pennington, Dick Petermann, Jack Powell, Isabelle Sarikhan, 
Carol Serdar, Mike Sherwood, Stephen Slaughter, Bruce Stoker, Kristi Tausch, Ted Turner, James 
Walker.


Support: Cooperative Monitoring Evaluation and Research (CMER), Vicki Christensen, Darin Cra-
mer, Dave Schuett-Hames, Jim Hotvedt, Chuck Turley, Lenny Young. 


We would like to offer special thanks to the field crews who slogged over hills and through slash to 
find and collect information on landslides. 


Field data collection: Bruce Stoker, Phoebe Bass, Welles Bretherton, Spencer Johnson, Ryan Mans-
field, Jim Murphy, Rob Pennington, Sue Perkins, Jim Peterson, Jesse Rathfon, Ryan del Rosario, 
Mike Sherwood, Ryan Shetler, Tim Smith, Dan Thomas, Robert Vargas.


Finally, we would also like to thank the many reviewers who helped us improve this report.


Reviewers: Steve Duke (Weyerhaeuser), Mark Hicks (WDOE), Terry Jackson (WDFW), Paul Ken-
nard (Tatoosh Geomorpology), AJ Kroll (Weyerhaeuser), Doug Martin (CMER), Dick Miller 
(CMER), Stephen Slaughter (WDNR), Ted Turner (Weyerhaeuser), Isabelle Sarikhan (WDNR), 
Alice Shelly (TerraStat), Nancy Sturhan (NWIFC).







This page intentionally left blank







	 	 I


Research has shown that forestry-related activities have the potential to increase rates of mass wast-
ing, and that sediment delivered from landslides can negatively affect aquatic resources. The 1999 
Forests & Fish Report (FFR), written by federal, state, tribal, environmental and forest-industry 
representatives, acknowledges the historic relationship between forest practices and mass wasting 
(U.S.F.W.S. et al., 1999). The Forests & Fish Report included recommendations for reducing land-
slide sediment delivery (which were adopted into the Washington Forest Practices Rules in 2001) 
to improve protections for fish habitat and water quality on non-federal forest lands in Washington 
State.


The current rule strategy for reducing management-triggered landslide impacts is to require a State 
Environmental Policy Act (SEPA) review of proposed road or harvest activities on certain regulated 
unstable slopes, termed Rule-Identified Landforms (RIL) that can deliver sediment to public resourc-
es (defined as streams and infrastructure). If the SEPA review determines that a proposed activity is 
likely to have an adverse impact to a public resource, the Forest Practices Rules require that mitiga-
tion measures for forest harvest operations be designed to avoid accelerating rates and magnitudes 
of mass wasting. Because SEPA review is costly and time-consuming, the most common approach 
is to avoid any logging or road construction within landslide-prone terrain. The strategy for existing 
substandard roads is to upgrade them to current Forest Practices standards.


The primary objective of this project was to evaluate the effectiveness of current Forest Practices 
Rules at reducing landslide density and sediment delivery to public resources resulting from a major 
storm event. A secondary objective was to field identify site-scale management-related contributing 
factors that might be used to improve unstable slope identification and mitigation efforts.


Study design and methods


The Mass Wasting Effectiveness Monitoring Project, commonly referred to as Post-Mortem, was 
scoped by the Upland Processes Scientific Advisory Group (UPSAG) in 2005. The study design was 
reviewed and approved by the Cooperative Monitoring Evaluation and Research (CMER) committee 
in 2006, and underwent an independent scientific peer review in 2007. In the wake of the Decem-
ber 2007 storm which caused significant flooding and landslide activity in and around the Chehalis 
River basin, the Forests & Fish Policy Committee (Policy) and the Washington Forest Practices 
Board authorized initiation of the project.


The study included the following features:


 ● It examined the landslide response to a single large storm on forest lands in southwest 
Washington that are subject to Washington Forest Practices Rules;
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 ● Detection methods were designed to find and visit all landslides in the sample areas that 
delivered to streams, and all road-related landslides. Non-road-related landslides that did 
not deliver to streams were surveyed when encountered;


 ● Landslides were identified and characterized in the field to avoid aerial photograph detec-
tion bias, and to allow potential management-related contributing factors to be identified 
while landslides were relatively fresh;


 ● All landslides were inspected for the presence of site-scale contributing factors such as soil 
disturbance from logging or road drainage problems;


 ● A randomized block sampling design was used to minimize the influence of environ-
mental factors that affect landslide occurrence (e.g., storm precipitation, topography, and 
lithology) in the statistical comparisons.


Forest Practices Rule effectiveness was evaluated through a statistical comparison of landslide re-
sponse among sets of harvest and road ‘treatments’ identified at the scale of harvest units and road 
segments. Treatment determinations were based on past management activities evident from aerial 
photography and on-site observations. The harvest treatments include the riparian and other for-
est buffers as well as the harvested areas. This allows for the consideration of both local effects such 
as reduced rooting strength, and potential off-site effects such as soil moisture increases downslope 
of harvest. The number of landslides and their volumes for the landslides that delivered to public 
resources in each treatment, per unit area, served as response variables in a statistical comparison 
among treatments. Observed differences among treatments were considered the primary indicator of 
Forest Practices Rule effectiveness.


The treatments were defined as follows, with bold used to highlight treatments deemed critical to the 
evaluation of rule-effectiveness:


Harvest treatments


No Buffer — Harvest units from 0-20 years old with no buffering of RIL, if present;


Partial Buffer — Harvest units and associated buffers from 0-20 years old in which some but not 
all RIL are buffered with mature timber;


Full Buffer — Harvest units and associated buffers from 0-20 years old in which all RIL, if 
present, are completely buffered with mature timber;


Submature — Previously harvested forest stands from 21 to 40 years old;


Mature — Previously harvested forest stands greater than 40 years old. Note that virtually 
the entire study area had been harvested within the previous 100 years.


Road treatments


Substandard — Forest roads that did not meet current Forest Practices Rule standards for 
construction, maintenance, and design;
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Orphaned — Roads that did not appear to have had any Forest Practices use since 1974 (per 
Washington Administrative Code 222-24-052 (4)), and were typically in an overgrown and 
undriveable condition;


Standard — Roads that met current Forest Practices Rule standards with respect to water 
management and tread conditions, but did not qualify as Mitigated, as defined below;


Abandoned — Roads that had been deconstructed to the extent specified in Washington Admin-
istrative Code 222-24-052 (3)), including all culverts removed and vehicle access blocked;


Mitigated — Roads that met current Forest Practices Rule standards with evidence of ad-
ditional mass wasting stability treatments (e.g., sidecast pullback) that indicate the highest 
level of road improvement effort.


Descriptive Results


A total of 1147 landslides were found that delivered to public resources (mostly streams) in the 91 
square mile study area. The majority (82%) occurred on hillslopes and the rest initiated from roads. 
The majority of road-related landslides (83%) were characterized as “hillslope road” which means 
they were not associated with stream-crossings; almost half of these did not deliver to public resourc-
es. Most of the stream-crossing road landslides (88%) were reported to have delivered to a public 
resource. Debris slides were the most common landslide process, followed by debris flow, with the 
two accounting for 96% of the landslides that delivered to public resources. Although debris flows 
accounted for 42% of delivering landslides, they are estimated to have delivered 2.3 million out of a 
total of 3.2 million cubic yards (71%) of sediment to public resources in the study area (Note: deliv-
ered volume estimates displayed large observer variability).


Landslide density varied greatly across the study area, and was different between hillslopes and roads. 
Hillslope landslide density in the four-square-mile blocks ranged from one to 23 per square mile, 
with an overall density of 11 landslides per square mile. Landslide density along roads ranged from 
zero to 142 landslides per square mile of road corridor, with an overall density of 33 landslides per 
square mile of road corridor. Road landslide densities also exhibited much greater spatial variability 
than hillslope landslides, with four of the 22 sample blocks accounting for 70% of all road failures. 
The overall landslide density within blocks appeared to be correlated with precipitation intensity.


The field crews identified site-scale contributing factors, such as surface water diversion or logging-
related soil disturbance, at few landslide initiation sites. This was true for both landslides initiated on 
hillslopes (22% had a site-scale contributing factor identified) or along roads (32% had a site-scale 
contributing factor identified). This finding was largely confirmed in a Quality Assurance/Quality 
Control (QA/QC) exercise conducted by Washington Department of Natural Resources (WDNR) 
personnel who visited 143 randomly chosen sites and agreed with the field crew calls 97% of the 
time.


A sizable proportion of delivering hillslope landslides originated from terrain that did not fit the defi-
nition of any named RIL (between 29% and 41% depending on gradient estimates). Landslides that 
initiated outside of RIL were distributed throughout the study area and block analysis of the relative 
occurrence of landslides outside of RIL showed that their occurrence did not appear to be correlated 
with either precipitation intensity or lithology.
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Other analyses were conducted on landslides from across the study area. A stand age analysis showed 
that the distribution of stand age at initiation generally followed the pattern of stand ages across the 
study area, but that a slightly higher proportion of landslides initiated among 30-50 year trees. Land-
slides originating in buffers delivered significantly more LWD than landslides outside of buffers, and 
the probability of LWD delivery for landslides in buffers increased with landslide size. For landslides 
that initiated outside of a buffer, the probability of LWD delivery increased with landslide initiation 
size and decreased with increasing gradient.


Statistical comparisons of treatments


The descriptive analyses above do not account for the varying effects of precipitation, but the statisti-
cal analyses were conducted as part of a randomized block analysis to account for regional differences 
in precipitation, regional topography, and geology. Landslide counts and sediment yields in each 
treatment were normalized by area to estimate densities and landslide volumes per unit area. Harvest 
treatment densities and volumes were then quantitatively adjusted for differences in slope among 
treatments in a block in the statistical analysis. Statistical tests were non-parametric or were conduct-
ed with generalized linear mixed-models.


Comparisons of the three critical harvest treatments indicate that the No Buffer treatment had a 
significantly higher landslide density (a 65% increase) than Mature, which was used as a baseline for 
estimating treatment effects. The Full Buffer treatment had a landslide density that was intermediate 
to Mature and No Buffer (17% more than Mature, 30% less than No Buffer) but not statistically dif-
ferent from either. Furthermore, No Buffer delivered significantly more sediment than either Mature 
or Full Buffer (347% and 558% increase respectively). In contrast, Full Buffer delivered sediment 
volumes that were lower than, but were not statistically different from, Mature.


There were no statistically significant differences in landslide density or volume among the critical 
road treatments (Standard, Substandard, and Mitigated). Abandoned roads generated significantly 
less sediment than all road treatments other than Mitigated, and it delivered less sediment to public 
resources than either Standard or Substandard roads. Abandoned roads also had the lowest mean 
landslide density among the five road treatments, although differences in landslide density were not 
statistically significant.


Discussion


Evaluating the effectiveness of Washington State’s Forest Practices Rules at limiting landslide occur-
rence is inherently difficult given that rule changes are generally implemented across the landscape 
at a specific point in time which creates a time-dependence between any set of ‘controls’ and ‘treat-
ments’ that might be compared. In addition, because the occurrence of landslide-producing storms 
cannot be predicted, methods are limited to retrospective time series using air photos (which have 
issues with detection bias), or to contemporary studies using Light Detection And Ranging (LiDAR) 
or field identification following individual large storm events.


This study is based on an analysis of landslide occurrence following a single large storm event affect-
ing western Washington. Harvest unit treatments were mapped from aerial photography and some 
field review based on stand age and the buffering of RIL, while roads were mapped by observed road 
condition. Harvest unit RIL do not serve as experimental units because they could not be reliably 
mapped across the entire study area. All buffers, regardless of the reason for which they were left, 
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are included in the treatments, and all delivering landslides, whether initiating in RIL buffers, other 
buffers or just within the general harvested area or stand, are included in the analyses. This means 
that RIL buffer effectiveness is not directly quantified, but that total buffer effectiveness, which may 
include other mitigating processes such as increased LWD delivery and decreased landslide delivery, 
was tested. The study incorporates spatial replication across a range of precipitation intensities; but 
it includes no form of temporal replication. Slope normalization was incorporated in the statistical 
analysis to account for inherent differences in landslide susceptibility among treatments, but the de-
gree to which the slope index fully captures either landslide susceptibility or RIL distribution is un-
known. The study was conducted on managed forest lands in southwest Washington with a landslide 
density of at least four landslides per square mile, and the population to which we make inference is 
similarly managed forests with similar climatic, geomorphic and land management histories; and a 
storm intensity that is able to generate a significant population of landslides over a large area.


The study results support the hypothesis that the avoidance of clearcut harvest on unstable terrain 
reduces the density and volume of landslides. This interpretation is based on the comparison of 
landslide density in harvested areas with fully buffered and unbuffered RIL against areas of Mature 
forest, which serves as a control. As expected, harvest units in which RIL were clearcut (i.e., No 
Buffer) had significantly higher landslide densities and volumes than Mature forest, which confirms 
that harvest without RIL buffers increases resource impacts. In contrast, landslides in the Full Buffer 
treatment had a smaller overall volume and delivered less sediment than treatments in which the RIL 
were clearcut harvested. Interestingly, landslides densities in the Full Buffer and No Buffer treatments 
were not statistically different from each other. However, mean landslide densities in the Full Buffer 
treatment were closer to those found in Mature forest than the No Buffer treatment. As described in 
the report, there are several factors including changes in hydrology and root strength that appear to 
affect slope stability following harvest; and some of these factors create differences in slope stability 
that appear to vary with stand age. In a non-statistical analysis of densities among the five harvest 
treatments, in which each treatment is compared against expected density in the absence of buffer-
ing, stands with RIL buffers appear to have exhibited smaller increases in landslide density over those 
observed in mature forest than was observed in stands of similar ages where buffer influence was not 
included. This finding lends further credence to the hypothesis that RIL buffers reduce landslide 
density.


Although we conclude that buffers likely reduce landslide density and sediment volume, it is not 
clear that existing performance targets for hillslope landslides are being met. The performance target 
for harvest-related landslides under the current Forest Practices Rules indicates that new harvest 
should result in virtually no additional landslides triggered by harvest on high risk sites. Three 
findings raise the question of whether the performance targets are, or will, be met. The first is the 
lack of statistically significant differences in landslide density for the Full Buffer treatment. Based 
on this finding, it is not clear that the magnitude of the reduction in landslide densities associated 
with buffering of currently regulated RIL is sufficient for meeting performance targets. Second, it 
was observed that 47 landslides initiated on named RIL that were harvested under current rules and 
subsequently delivered to public resources. As discussed in the report, there are a number of possible 
reasons for recent clearcut harvest of RIL. Finally, it was found that the Partial Harvest treatment, 
which included some but not complete buffering of RIL, had significantly greater landslide densi-
ties than Mature forest when hit with a large storm event 4-7 years after harvest. Further work will 
be required to determine whether stands with full buffering of RIL can be expected to meet perfor-
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mance targets if hit by a large magnitude storm at a time when hydrologic and root strength effects 
are expected to elevate instability.


The effect of road treatment on landsliding was largely inconclusive with regards to density, but this 
is probably caused in part by the fact that 70% of landslides occurred in four blocks which may have 
reduced the power of the analysis to detect differences among treatments. Still, road abandonment 
did appear to be effective at reducing landslide volume, and is expected (though not statistically dem-
onstrated) to reduce landslide density as well. Similarly, road instability mitigation work (e.g., side-
cast pullback) is shown to reduce landslide volume relative to standard roads without such practices.


Surprisingly, neither contract nor QA/QC field crews found any obvious contributing factors at the 
majority of landslide initiation sites. Because these calls appear to be sound, we conclude that many 
road failures were caused by factors inherent to the treatments. The authors find support for conclud-
ing that the stability of the road network has been improved by modern construction and abandon-
ment techniques given that road failures previously observed by the authors and others commonly 
exhibited clear evidence of a contributing maintenance problem or drainage malfunction, and that 
relatively few road landslides were found outside the portion of the study area that received the great-
est precipitation.


Finally, it was noted that a sizable proportion of delivering landslides initiated on terrain that does 
not meet the current named RIL criteria. Although RIL occupy a relatively small percentage of the 
landscape yet still account for the majority of landslides, it was generally expected that an even higher 
percentage of landslides would initiate in RIL given that they are the primary regulated landforms 
developed during the Forests & Fish Negotiations from watershed analyses and they are defined in 
part by their high likelihood of delivery. It is worth noting that some of the landslide sites that did 
not meet a named RIL definition may have met a general description of a potentially unstable slope 
as provided in the Forest Practices Rules. The fact that the percentage of landslides outside of RIL 
was not correlated with geology or precipitation intensity undermines the interpretation that land-
slides outside RIL are limited to marginally unstable terrain that requires an extremely large precipi-
tation event to fail. Further work is needed to identify characteristics of other landforms or areas of 
the landscape that are sufficiently unstable to justify modifying existing regulations.
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Section 1: introduction


Landslides are a fundamental component of landscape evolution, but landslide occurrence may 
impart significant socioeconomic and environmental costs (Schuster and Highland, 2001). In the 
forested environment, the cost associated with landslide occurrence is often evaluated in terms of the 
ecological impact (Sidle and Ochiai, 2006). Numerous studies conducted in the Pacific Northwest 
have shown that activities related to forest management have the potential to increase landslide oc-
currence (Dyrness, 1967; Megahan and Kidd, 1972; Swanson and Dyrness, 1975; Ketcheson and 
Froehlich, 1978; Amaranthus et al., 1985; Swanson et al., 1987; Robison et al., 1999; Jakob, 2000; 
Guthrie and Evans, 2004), and that sediment delivered by landslides to surface waters has had an 
effect on water quality or stream habitat (Everest et al., 1987; Cederholm and Reid, 1987; Geertsema 
and Pojar, 2007; Restrepo et al., 2009). In response to concerns over the impacts of landsliding, the 
Washington Forest Practices Board (WFPB) adopted new rules in 2001 that contain specific mea-
sures designed to reduce management-related landslide occurrence.


The Mass Wasting Effectiveness Monitoring Project was developed to help evaluate the effectiveness 
of the 2001 version of the Washington State Forest Practices Rules. The primary goal of the proj-
ect is to determine whether mass wasting prescriptions and other measures are effective in reducing 
the number and size of management-related landslides that deliver sediment and debris to public 
resources. At the broadest level, the project will assess buffer effectiveness in limiting both landslide 
initiation and landslide delivery and the effectiveness of road practices that are designed to carefully 
manage drainage and reduce mass wasting potential.


The primary audience for this report is assumed to be stakeholder groups and concerned citizens of 
Washington State that have a general familiarity with Washington State Forest Practices activities and 
regulations. We provide definitions for technical terms in the glossary at the end of the report but 
do not include a detailed description of the process for implementation of the Forest Practices Rules. 
For further information refer to the Washington State Department of Natural Resources Forest Prac-
tices web site.1


1.1 Landslides in forested watersheds
Forest landslides are most likely to affect aquatic organisms through scour and sediment deposi-
tion along stream corridors (Cederholm and Reid, 1987). While landslides cause direct mortality to 
inhabitants of reaches in the runout path, changes in sediment transport regimes have the potential 
to affect stream-dwelling organisms over much longer distances. The very large volumes of sediment 
delivered to streams through mass wasting can greatly exceed the annual capacity of fluvial transport, 
and subsequent sedimentation impacts can persist for many years (Dietrich and Dunne, 1978; Benda 
and Dunne, 1997). Impacts may include sediment deposition in spawning and rearing habitat of 
salmonids and other aquatic organisms (Everest et al., 1987; Cederholm and Reid, 1987). While ex-
cessive sediment delivery is associated with habitat degradation, aquatic habitat can also benefit from 


1 http://www.dnr.wa.gov/BusinessPermits/Topics/ForestPracticesRules/Pages/fp_rules.aspx
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the delivery of gravel and large wood and boulders which form critical components of habitat (Benda 
et al., 2003; Geertsema and Pojar, 2007; Restrepo et al., 2009). Given this ecological response, a per-
formance target for the Washington State Forest Practices Adaptive Management program is to limit 
the rate of landslide occurrence in managed forests to the rate associated with ‘natural background.’2


1.1.1. Natural factors influencing slope stability
There is an extensive body of literature that examines the factors influencing slope stability for shal-
low, rapid landslides. Much of the literature involves case studies of landslide occurrence on managed 
forest landscapes, either at the scale of individual landslides or the watershed scale. Most are based 
on retrospective analyses of landslide occurrence after high-intensity storm events. These case studies 
seek to identify the factors that contributed to the slope failure. Particularly relevant studies of natu-
ral factors affecting slope stability are briefly discussed to help establish the context of this study.


Hillslope hydrology: Landslides commonly occur in response to high-intensity rainstorms and/or 
snowmelt events that release large volumes of water over a period of days, particularly when rela-
tively heavy rainfall has occurred during the preceding weeks (Campbell, 1975; Starkel, 1979; Caine, 
1980; Dai and Lee, 2001; Rahardjo et al., 2001; Jakob and Weatherly, 2003; Godt et al., 2006; 
Jakob et al., 2006; Crosta and Frattini, 2008; He and Beighley, 2008; Tsai, 2008). Slope stability is 
substantially reduced when the soil moisture content is at or near saturation because of the added 
weight of water and the hydrostatic forces exerted on the soil mass that reduce frictional resistance of 
particles to downslope movement (Iverson, 2000).


Topographic factors: Steep, convergent slopes are associated with some of the highest probabilities of 
failure. As slope increases, so does the down slope component of the gravitational forces acting upon 
soil particles. Convergent slopes tend to accumulate soil over time while focusing subsurface flow 
which increases the likelihood of soil saturation and failure (Montgomery et al., 2000).


Lithology and soil properties: Studies have documented regional differences in landslide rates that 
appear to be related to differences in lithology and geologic history (e.g., Montgomery et al., 1998; 
Sarikhan et al., 2008; Thorsen, 1989). Orientation of the bedding and fractures in the bedrock may 
also influence the specific location of landslides (e.g., Montgomery et al., 1997).


1.1.2. Forest management effects on slope stability
Landslides are a natural occurrence in western Washington but forest practices may alter both physi-
cal and biological factors that influence slope stability. The following is a brief summary of the most 
common forest management effects.


Hydrologic effects: The removal of forest canopy results in increased soil moisture because of reduc-
tions in both canopy interception and evapotranspiration (Lewis et al., 2001; Johnson et al., 2007). 
During storm events, evapotranspiration is generally small compared to the rate of precipitation and 


2 http://www.dnr.wa.gov/Publications/fp_am_ffrschedulel1.pdf
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canopy saturation can occur, but forest cover can still affect landslide occurrence by smoothing the 
transfer of water to the soil which in turn modulates peak pore pressures (Keim and Skaugset, 2003). 
The removal of canopy simultaneously enhances snow accumulation and melt which can increase 
peak soil moisture (Coffin and Harr, 1992; Marks et al., 1998) and result in greater landslide occur-
rence.


Loss of root strength: Tree roots are believed to contribute significantly to slope stability. When soils 
are at or near the angle of repose, root systems serve to reinforce soil strength and provide resistance 
to gravitational forces that tend to pull soil masses downhill (Riestenberg and Sovonick-Dunford, 
1983; Schmidt et al., 2001). Timber harvest reduces root reinforcement during the period when 
harvested timber root systems are decaying and new root systems are expanding (Ziemer, 1981; Sidle 
and Ochiai, 2006). Total root strength is believed to be at a minimum between approximately 4 and 
10 years after timber harvest (Sidle, 1991; Sidle 1992; Schmidt et al., 2001). Simulation studies illus-
trate that vegetation leave areas can significantly reduce landslide volumes by retaining available root 
strength in areas prone to failure (Sidle and Ochiai, 2006).


Road construction: Landslide inventories in the Pacific Northwest have established that roads in 
steep terrain have historically been responsible for a high proportion of landslides in managed forests 
(Robison et al., 1999). Poor construction techniques and inadequate drainage are believed to be the 
main causes (Furniss et al., 1991). Landslides associated with forest roads often initiate from sidecast 
road fill material perched on steep slopes. Road failures can occur when stream crossing or drainage 
culverts become plugged and excessive runoff is concentrated on unstable slopes. The use of uncom-
pacted fill and the inclusion of organic material (logs) in road fill have also been found to contribute 
to slope failures (Sidle and Ochiai, 2006). Modern road building techniques include 1) the construc-
tion of steeper grades which reduces road mileage and 2) the complete removal of excavated material 
to lower gradient waste areas. These techniques have significantly reduced road landslide frequency 
(Sessions et al., 1987), but hydrologic alteration remains difficult to avoid (Montgomery, 1994; 
Borga et al., 2004).


1.2 Washington’s Forest Practices Rules
The Washington Forest Practices Act was enacted in 1974, and the Forest Practices Rules have un-
dergone numerous changes since that time.3 In 1999, a diverse group of stakeholders which included 
tribes, forest landowners, state and federal governments, environmental groups, and other interests, 
wrote the Forests & Fish Report (FFR) which contained strategies for protecting water quality and 
aquatic and riparian-dependent species on non-Federal forestlands in Washington.4 In 2001, the 
Washington State Legislature and the Washington Forest Practices Board (Board) amended the For-
est Practices Act and its corresponding Forest Practices Rules to incorporate recommended changes 
from the report.


3 http://www.dnr.wa.gov/Publications/fp_rules_history.pdf


4 http://www.dnr.wa.gov/Publications/fp_rules_forestsandfish.pdf
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The Forest Practices Rules are adopted by the Board, and Washington Administrative Code (WAC) 
222-10-030 requires that the Washington Department of Natural Resources (WDNR) develop poli-
cies that minimize management-related landslides that could deliver sediment or debris to a public 
resource or threaten public safety. Public resources are defined as water, fish, and wildlife and in addi-
tion shall mean capital improvements of the state or its political subdivisions (WAC 222-16).


Potentially unstable slopes and landforms are defined in WAC 222-16-050 (1(d)) and Section 16 of 
the Board Manual contains guidelines for identifying unstable slopes and landforms. In the Board 
Manual, unstable slopes and landforms are referred to collectively as Rule-Identified Landforms 
(RIL).5 WAC 222-16-050 requires that road building and timber harvest activities proposed on RIL 
with the potential to deliver sediment or debris to a public resource, and which has been field veri-
fied by WDNR, be classified so that they receive additional environmental review under the State 
Environmental Policy Act (SEPA) review described by WAC 222-10-030.


WAC 222-24-010 outlines goals for road maintenance and WAC 222-24-050 requires that all forest 
roads owned by large landowners be improved and maintained to the standards of the WAC by July 
1, 2016. To facilitate this, WAC 222-24-051 requires that large landowners submit Road Mainte-
nance and Abandonment Plans (RMAP) and annual accomplishment reports thereafter. The RMAP 
must prioritize efforts to remove barriers to fish passage, focus on active haul roads that deliver sedi-
ment to typed waters, and reduce landslide potential that could adversely affect public resources.


1.2.1. Rule-Identified Landforms
During the FFR negotiations, a review of Washington watershed analyses and other research (e.g., 
Robison et al., 1999) indicated that a high proportion of shallow, rapid landslides were associated 
with a particular set of landforms. These landforms were briefly identified in Appendix C of the FFR, 
and were later incorporated into WAC and the Board Manual.


The RIL, as identified in WAC 222-16-050 (1(d)), are:


“(A) Inner gorges, convergent headwalls, or bedrock hollows with slopes steeper than 35 de-
grees (70%);


(B) Toes of deep-seated landslides, with slopes steeper than 33 degrees (65%);


(C) Groundwater recharge areas for glacial deep-seated landslides;


(D) Outer edges of meander bends along valley walls or high terraces of an unconfined mean-
dering stream; or


(E) Any areas containing features indicating the presence of potential slope instability which 
cumulatively indicate the presence of unstable slopes.”


5 http://www.dnr.wa.gov/Publications/fp_board_manual_section16.pdf (updated 11/04)
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Section 16 of the Board Manual contains illustrated guidelines for identifying each of the RIL. In 
short, inner gorges are characterized by steep (greater than 70%), straight or concave sideslope walls 
with at least 10 feet of relief that commonly have a distinctive break-in-slope with more stable ter-
rain above the break. Convergent headwalls are funnel-shaped landforms, broad at the ridgetop and 
terminating where headwaters converge into a single channel. The upper portion of a convergent 
headwall is usually formed of numerous bedrock hollows separated by knife-edged ridges. Bedrock 
hollows are spoon-shaped areas of convergent topography; they are typically 30-300 feet wide, have 
developed through repeated landslide initiation, and are considered a potentially unstable slope 
when their gradient is 70% or greater. Toes of deep-seated landslides define the terminus of a land-
slide deposit, and where these are adjacent to a stream and the slopes are greater than 65%, they are 
defined as a RIL. Groundwater recharge areas of glacial deep-seated landslides are defined as upslope 
areas where groundwater in glacial deposits contributes subsurface water to a deep-seated landslide. 
The outer edge of a meander bend of a stream is an unstable landform where stream undercutting is 
oversteepening valley walls or high terraces.


In addition to specific landform definitions, other areas may contain features indicating the pres-
ence of potentially unstable slopes. Indicators such as hummocky or benched topography; scarps or 
cracks; fresh debris deposits; displaced or deflected streams; jack-strawed, leaning, pistol-butted, or 
split trees; water-loving vegetation and others may be used. Individually these observations do not 
prove that slope movement is imminent, but cumulatively may indicate the presence of potentially 
unstable slopes.


1.3 The Mass Wasting Effectiveness Monitoring Project (Post-Mortem)
The FFR recommended that the Cooperative Monitoring, Evaluation and Research committee 
(CMER) evaluate the effectiveness of the 2001 unstable slopes rules as part of the Forest Practices 
Adaptive Management Program. The Upland Processes Scientific Advisory Group (UPSAG), a sub-
committee of CMER, presented scoping documents for three mass wasting effectiveness monitoring 
projects to CMER in November 2005. One of these recommended a study to examine the landslide 
response to a single large storm event. Because the study involved a post-facto examination of the 
landslide response to a large damaging storm, it was nicknamed the Post-Mortem Study.


UPSAG recommended to the FFR Policy committee that the Post-Mortem Study be prioritized for 
immediate development, because its implementation would require a landslide-producing storm 
event, the timing of which could not be predicted. UPSAG started working on the study design in 
2005 and it was finalized in January, 2008, after going through Independent Scientific Peer Review.


The project is expected to inform other projects listed in the CMER Work Plan including the Mass 
Wasting Landscape-Scale Effectiveness Monitoring Project and the Testing the Accuracy of Unstable 
Landform Identification Project (Dieu et al., 2008).6


6 http://www.dnr.wa.gov/Publications/bc_cmer_workplan.pdf
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1.3.1. Research objective
The primary objective of the Mass Wasting Prescription-Scale Effectiveness Monitoring Project (Post-
Mortem) is to determine whether mass wasting prescriptions are effective at reducing the size and 
number of management-related landslides that deliver to public resources, in accordance with the 
FFR goals. Although the study was initially labeled as a “prescription-scale effectiveness monitoring 
project,” the study was not designed to evaluate individual prescriptions, in part because they are not 
applied independently of one another. Instead, prescriptions were to be evaluated as they related to a 
set of conditions found along road segments and in harvest units.


The Mass Wasting Prescription-Scale Effectiveness Monitoring Project Study Design (Dieu et al., 
2008) included a set of critical questions to be answered by the study:


 ● Are the Forest Practices Rules effective in reducing the number of management-related 
landslides that deliver to public resources?


 ● Are the Forest Practices Rules effective in reducing the volume of sediment that delivers 
to public resources as a result of management-induced landslides?


 ● Which are responsible for the greater proportion of landslides and sediment volume, 
hillslopes or roads?


Although the study was designed to statistically test for differences among a set of road and a set of 
harvest unit conditions, a large amount of site-scale data was also collected in the hope that these 
might reveal patterns of interest. Questions of interest related to the ancillary data include the fol-
lowing:


 ● Which harvest unit prescriptions or road improvements are performing well? Which are 
performing poorly?


 ● What are the site-scale triggering mechanisms for landslides?


 ● Do those triggering mechanisms differ between harvest or road type?
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Section 2: Study deSign


Effectiveness monitoring studies are designed to establish whether management actions produce de-
sired outcomes. To accomplish this, effectiveness monitoring must involve some level of experimen-
tation. Experiments are the manipulation of a system to gather information about the response; they 
require some level of replication, randomization, and at least a consideration of the need for blocking 
(Montgomery, 1991).


Controlled experiments are the most powerful method for establishing cause and effect relationships, 
because the application of treatments is at the complete control of the experimenter. Unfortunately, 
it is often difficult to conduct controlled experiments in natural systems because the scale over which 
observation must take place is large, or because there are operational constraints that make the 
application of manipulative treatments impractical (Quinn and Keough, 2002). Even when those 
issues can be resolved, there may be political or environmental constraints which prevent the use of 
prospective manipulative designs in adaptive management research (Sit and Taylor, 1998). It would 
be socially unacceptable, for example, to initiate a large number of landslides for the sole purpose of 
evaluating the effectiveness of a management strategy designed to minimize landslide occurrence. An 
alternative approach is to examine effects in events that have already occurred (Sit and Taylor, 1998).


Retrospective and observational studies are called quasi- ‘experiments’ (sensu Underwood, 1990) 
when they employ all the components of statistical design (e.g., replication, randomization and 
blocking) other than the deliberate application of a treatment to a selected set of experimental units. 
Quasi-experiments require the same level of effort as fully controlled experiments with respect to 
design and data collection, but they typically offer weaker inference because the application of treat-
ments is outside of the experimenter’s control. They may also require the acceptance of additional as-
sumptions, some of which may not be true but whose consequences are hopefully minimal. Despite 
this, they remain an essential tool for adaptive management research because they offer important 
insights and predictions for the future events (Sit and Taylor, 1998). As the nickname indicates, the 
Post-Mortem is a retrospective study and it is treated as a quasi-experiment.


Despite these advantages, a retrospective study of this type is not designed to address the following 
important aspects of landslide management:


 ● Characterizing and defining potentially unstable hillslopes;


 ● Evaluating the site-scale mechanistic causes of landslides;


 ● Determining the influence of site-scale variables, such as precipitation, stand age, and 
topography on landslide initiation;


 ● Characterizing long-term landslide rates over multiple storm events; or


 ● Quantifying the efficacy of individual Best Management Practices.
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However, this study does utilize a combination of conventional and novel approaches to landslide 
study design and analysis. Thus, reading this chapter carefully will help the reader recognize impor-
tant differences between this study and other landslide research.


This chapter covers key aspects of the Mass Wasting Prescription-Scale Effectiveness Monitoring 
Project (Post-Mortem) Study Design including a statement of the problem, a description of the treat-
ments, and the sampling scheme, design limitations and scope of inference. The complete ‘Post-Mor-
tem’ Study Design (Dieu et al., 2008) is available as a supplement to this report, though it should 
be noted that several terms employed in the original design have been modified to enhance clarity in 
this report (Table 2-1).


The steps for designing an experiment include the development of a clear problem statement, the 
selection of a response variable, and identification of important factor variables. When the first three 
steps are done correctly, the choice of sampling and analytical design is generally easy (Montgomery, 
1991).


2.1 Problem statement, response variable, and experimental factors.
In the Post-Mortem Study, the stated problem is to evaluate the landslide response among a set of 
treatment conditions representative of Forest Practices Rules, at the scale of individual harvest units 
or road segments, in response to a high-precipitation, landslide-triggering storm event that affects at 
least 3 watershed administrative units (~90,000 acres) of forest lands subject to Washington Forest 
Practices Rules.


The response variable is the number of landslides and the relative size of landslides among a set of 
experimental factors. The experimental factors for the Post-Mortem Study are a set of five harvest 
treatments and a set of five road treatments. Each treatment is defined by a set of mutually exclusive 
characteristics at the scale of an individual harvest unit or forest stand,7 and road segment.


7 As described below, the boundaries of younger harvest treatments delineate as discrete areas of timber harvest (i.e., 
harvest units), while older treatments are delineated by forest stands of a relatively constant age. We do not consis-
tently make the distinction between harvest units and forest stands in the remainder of the report, but may refer to 
both as ‘harvest units.


Post-Mortem Study Design This report


Strata Treatments


Clearcut stratum No Buffer treatment


Partial Harvest stratum Partial Buffer treatment


Table 2-1: Terms from the Post-Mortem Study Design that were modified in this report.
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2.2 Harvest treatments
Harvest units and forest stands of near uniform age act as experimental units which received treat-
ments that were applied at the time of harvest. Treatments reflect practices carried out under a 
particular set of Forest Practice Rules. A primary characteristic of the harvest treatments is time since 
harvest, and it is broken into three age groups: 0-20 years, 21-40 years, and 41+ years. There are 
three harvest treatments in the 0-20 year group and the secondary characteristic used for differenti-
ating among them is the degree of buffering on named RIL.8 This secondary characteristic critically 
represents different unstable slope buffering strategies, but also encapsulates different strategies in all 
buffer types. The three 0-20 year old treatments are:


No Buffer — This treatment is comprised of harvest units with no buffering of RIL, if present. Silvi-
cultural clearcuts meet the definition for this treatment;


Partial Buffer — This treatment is comprised of harvest units with buffering of some, but not all, 
RIL. This may include thinning on RIL, the cutting of yarding corridors across RIL, or in-
complete buffering of one or more RIL regardless of the reason for the partial buffering;


Full Buffer — This treatment is comprised of harvest units with buffering of all RIL, if present.


Stands that were 21 years old or older at the time of the storm are divided into two groups:


Submature — This treatment is comprised of forest stands with a planted age of 21 to 40 years;9


Mature — This treatment is comprised of forest stands with stand age greater than 40 years.


Because the study is designed for implementation on managed forest land, the design does not 
anticipate encountering enough stands older than 60 years to justify another older treatment. Opera-
tional constraints affecting treatment delineation are noted in Section 3.4.


The timber age classes of less than 20 years, 21-40 years, and 41+ years are chosen based on an evalu-
ation of literature related both to root strength decline and recovery, and hydrologic recovery (Dieu 
et al., 2008). Following harvest, root strength declines rapidly reaching a minimum 4-10 years after 
harvest and the next 10 years allow for significant hydrologic recovery and some limited root strength 
recovery (Sidle, 1991; Sidle, 1992; Figure 2-1). Thus, the three 0-20 year treatments cover the period 
of increased landslide hazard which is generally considered to be from 3 to 15 years after harvest 
(Sidle et al., 2006). Although the three 0-20 year treatments represent different eras of Forest Prac-
tices, it is hoped that implementation of Watershed Analysis prescriptions written in the late 1990’s 


8 Named RIL refers to landforms named in WAC 222-16-050(1(d)). WAC 222-16-050(1(d)) also includes an un-
named RIL (category E), which is defined as areas that contain features which indicate the presence of unstable 
slopes. Because category E has no formal definition, it was not used in this study.


9 Hereafter, we consistently use the phrase stand age understanding that both our field data estimates and landowner 
data are not actual tree age, but stand initiation age which means when the trees were planted.
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will have created older examples of the Full Buffer and Partial Buffer treatments to compare with the 
No Buffer treatment.


Although the degree of buffering on RIL serves as the secondary characteristic for the delineation of 
0-20 year old harvest units, RIL themselves are not mapped and are not directly evaluated as experi-
mental units. It has not been demonstrated that RIL can be reliably identified using remote sensing 
techniques, and mapping individual RIL is particularly difficult in areas of very dense vegetation 
(i.e., Submature and Mature stands). During the development of the study design, it was decided 
that the mapping of individual RIL over the entire study area was infeasible. It is assumed that over 
a large area, RIL will be evenly distributed among treatments even if they are not found in every 
harvest unit. That individual RIL are not mapped within the treatments means that the comparison 
of buffer effectiveness among treatments is really a test of the effectiveness of all buffer types as they 
limit either landslide initiation or landslide delivery; the effectiveness of unstable slope buffers to 
limit landslide initiation cannot be separately quantified by this study design.


Three of the five treatments are considered ‘critical’ with respect to sampling intensity because they 
serve as a point of reference for the evaluation of Forest Practices Rule effectiveness. No Buffer is con-
sidered a critical treatment because it is likely to be comprised primarily of silvicultural clearcuts and 
therefore may represent a pre-FFR harvest treatment. Full Buffer is considered a critical treatment 
because it represents full implementation of the current Forest Practices Rules unstable slope buffer 
strategy. Mature is considered a critical treatment because it serves as a baseline against which other 
treatments are compared, though it is not presumed to represent old-growth or natural background 
conditions (Dieu et al., 2008).10


10 Partial Buffer is considered a non-critical treatment because it was assumed that there would not be enough Partial 
Buffer harvest units on the landscape to meet the minimum sample size requirements. Submature is considered non-
critical because it is an intermediate age that is not considered critical for an interpretation of rule effectiveness.


834 F. Imaizumi, R. C. Sidle and R. Kamei


Copyright © 2007 John Wiley & Sons, Ltd. Earth Surf. Process. Landforms 33, 827–840 (2008)
DOI: 10.1002/esp


Figure 6. Comparison of rainfall attributes (i.e. maximum hourly rainfall, maximum daily rainfall and maximum rainfall in a given rainy
season) and volume of new and expanded landslides (older landslides which grew in size from the previous photograph period).


Figure 7. Changes in sediment supply rate from new or expanded landslides and frequency of occurrence of new landslides with time after
clearcutting. Landslide rate and frequency are compared with the dynamic root strength values estimated by Sidle’s (1991, 1992) model.


Figure 2-1: Dynamic root strength values from Sidle’s (1991, 1992) model (line) superimposed on changes in sedi-


ment supply and landslide frequency (bars) as a function of time after clearcutting (from Imaizumi et al., 2008).
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2.3 Road treatments
Road treatments are classified at the scale of road segments according to their tread, drainage and sta-
bility conditions with respect to the Forest Practices Rules and in the context of the RMAP program. 
Road treatments are applied to road segments that begin and end at road intersections. The road 
treatments are as follows:


Abandoned — This treatment is comprised of road segments that have been deconstructed to the 
extent specified in Washington Administrative Code 222-24-052 (3)), including all culverts 
removed and vehicle access blocked;


Mitigated — This treatment is comprised of road segments that met current Forest Practices Rule 
standards with evidence of additional mass wasting stability treatments (e.g., sidecast pull-
back) that indicate the highest level of road improvement effort.


Standard — This treatment is comprised of road segments that are drained and graded in accor-
dance with the Forest Practices Rules, but do not qualify as Mitigated as defined above.


Orphaned — This treatment is comprised of road segments that have not been used for Forest Prac-
tices since 1974 (per Washington Administrative Code 222-24-052(4)) and thus are legally 
exempt from the Forest Practices Rules and RMAP work.11 They are typically in an over-
grown and undriveable condition.


Substandard — This treatment is comprised of road segments that deviate in some substantial as-
pect from drainage, grading, or construction criteria defined by the Forest Practices Rules or 
which do not meet current standards for maintenance and design.


Three road treatments are considered critical with regard to sampling intensity. Standard roads are 
considered a critical treatment because they represent the primary road condition landowners are 
working towards in their RMAP efforts. Substandard roads are considered critical because they allow 
for an evaluation of the difference between older practices and modern Forest Practices. Mitigated 
roads are considered critical because they represents roads where mitigation efforts have been made 
to reduce landslide potential.12


2.4 Sampling and analytical design
The Post-Mortem Study employs multi-stage cluster sampling for data collection. In cluster sam-
pling, the landscape is partitioned into a set of primary units (clusters or blocks), each of which 
includes a set of secondary units from which samples are collected (Thompson, 2002). Clusters are 
chosen at random, and all secondary units within each cluster are included in the sample (Thomp-


11 The first Forest Practices Act was enacted in 1974. Roads constructed prior to 1974 are not subject to the Forest 
Practices Rules if they have not been used for purposes defined in the Act since 1974.


12 While Forests & Fish stakeholders are interested in the relative instability of Orphaned and Abandoned roads, it was 
assumed that minimum sample sizes could not be met given the variable density of these roads across the landscape.
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son, 2002; Quinn and Keough, 2002). The second stage involves augmenting clusters which fail to 
meet area or length requirements for critical treatments (See Section 2.4.3 for details). Augmented 
clusters serve as blocks in a randomized block design (Table 2-2 lists key components of the study 
design).


Blocking is required to control for the effects of precipitation. Precipitation intensity has a significant 
affect on landslide occurrence (see Section 1.1.1) and observational studies that fail to account for 
the effect of precipitation are likely to confound treatment and precipitation effects. In this study, it 
is assumed that precipitation intensities within a randomly selected 4 square mile cluster are relatively 
similar, and that there is no consistent bias with respect to within-cluster differences in precipita-
tion intensity among treatments. If this assumption is true, precipitation effects are accounted for by 
blocking treatments so that treatment responses are evaluated relative to the mean block response.


It was decided during the development of the study design that the survey would be field-based 
because of the detection bias associated with aerial photography inventories (see Section 2.5) and 
the desire to obtain more data on site-scale triggering mechanisms. The cost associated with the field 
identification of landslides was reduced by the decision to focus the detection effort on all landslides 
that delivered to streams because these are the ones upon which Forest Practices focus (WAC 222-
16-050), and all landslides that were initiated from roads so that we could evaluate site-scale triggers 
without bias. In addition, the implementation of cluster sampling, as opposed to blocking individual 
treatments in close proximity to one another, reduced travel costs by focusing data collection efforts 
into watershed-scale units.


Sampling 
component Definition


Population Forest lands in Washington State that have landslides and are subject for Forest 
Practices Rules.


Sample frame Known state and private forest lands with a single-storm-induced landslide 
density of one landslide per square mile, as identified in aerial photographs.


Experimental unit Road segments, harvest units, and even-age forest stands.


Response variable The number (count) and size of landslides that deliver to public resources (e.g., 
streams).


Treatment A set of conditions that relate to road and harvest activities carried out under a 
set of Forest Practices Rules.


Cluster A randomly chosen block composed of four contiguous public land survey 
sections.


Cluster frame Twelve sections surrounding a cluster that are used as part of multi-stage cluster 
sampling.


Block Clusters (and associated experimental units from the cluster frame) act as blocks 
and are used to account for spatial variability in precipitation intensity.


Table 2-2: Study components
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2.4.1. Sample size
The size and number of clusters to be included in the study were determined using data collected for 
a study that examined landslide occurrence in the Siuslaw National Forest following a 1996 storm 
(Robison et al., 1999: Miller and Burnett, 2008). Using those data, a power analysis was conducted 
for a two-factor Analysis of Variance (ANOVA) in which block and stand condition were treated 
as fixed effects. That analysis indicated that for a similar storm, a minimum of 21 blocks would be 
required in order to make comparisons among treatments with a power of 0.9 given a significance 
level of 0.1. Work conducted in conjunction with the power analysis indicated that clusters smaller 
than 3.8 square miles (10 square kilometers) would have insufficient area in at least one of the five 
treatments, and that smaller clusters would be likely to yield a large number of zero landslide counts 
(Dieu et al., 2008). Based on this information, we chose a sample size of 21 blocks with a block size 
of four-square miles.


It was understood by CMER and ISPR during the development of the study design that a landslide-
triggering event sufficient to create the necessary sample size would require a ‘big’ storm. The poten-
tial limitations of this design constraint are discussed in Section 2.5 and in Section 7.2 (Dieu et al., 
2008).


2.4.2. Augmenting clusters based on exposure
Assuming a uniform distribution of all the factors affecting landslide initiation, the landslide counts 
in a given treatment should increase in direct proportion to the size of the treatment area. When a 
response variable is expected to be strongly linearly correlated (with a zero intercept) with an ancil-
lary variable like area, the use of ratio estimators can lead to a dramatic improvement in precision 
with negligible bias (Thompson 2002). Unfortunately, while ratio estimators may be unbiased, the 
variance associated with ratio estimates becomes large as the area of exposure becomes very small (see 
Appendix A.1 for an example).


In this study, treatment area is not fixed as part of the experimental design because it is the product 
of historic forest practices whose distribution is initially unknown. To account for the potential effect 
of treatment area differences, a ratio estimator (e.g., landslides per unit area, or landslide density) is 
employed in the analysis. To avoid problems with high variance in treatments that were considered 
critical to the study, a second stage was added to the cluster sampling. If a treatment occupied less 
than 5% of the initial cluster area (or total road length), then a single PLS section was systematically 
chosen from the 12 sections surrounding the cluster, called the cluster frame (Figure 2-2). The single 
frame section was canvassed for underrepresented critical treatments. Harvest units and road seg-
ments from the underrepresented treatment were added to the survey in the order they were encoun-
tered. Canvassing of block frame sections continued in a counter-clockwise direction until the 5% 
criteria was reached. Once a frame section was used to augment a cluster, it was no longer available 
for use in augmenting other adjacent clusters to avoid double sampling. Cluster augmentation us-
ing sections from the frame also occurred when significant areas (e.g., 40+ acres) of the cluster were 
found to be non-timberland or floodplain with little potential for unstable slopes.
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Figure 2-2: Example of harvest stratification in a four-square-mile cluster with under-represented harvest units 


augmented by sampling sections in the frame (i.e., 12 gray sections surrounding the cluster).


Blocks are composed of the initial cluster and sample units augmented from within the frame. Note that the Sub-


mature (SM) polygon in the lower left corner of the frame was added because none of that treatment was present 


within the cluster boundary.


2.5 Design limitations
There were several constraints identified by CMER and ISPR during the study design phase that may 
affect the findings. The most significant constraint was the choice to perform a retrospective study 
rather than a controlled experimental design. This decision was deemed necessary because it was 
considered infeasible to establish and harvest experimental sites and wait for or artificially initiate a 
landslide response. It was also considered that accelerating landslide occurrence for the sole purpose 
of demonstrating the effectiveness of a mitigation strategy was largely unacceptable.
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It was decided in the study design phase that the study would examine landslide response to a single 
large storm rather than landslide surveys from aerial photographs because they are biased against the 
detection of small landslides and landslides that occur in dense vegetation (Brardinoni et al., 2003; 
Miller and Burnett, 2007; Turner et al., 2010). As a result, the study was limited to evaluating the 
spatial density of landslide response to a single large storm rather than the temporal frequency of 
landslides to storms of varying intensity. 


 There have been concerns raised that the effect of forest practices on landslide response to large, 
high-intensity storms may not be representative of small or medium-sized events. Results from recent 
studies are not in agreement regarding these concerns. Several recent studies evaluating the hydrolog-
ic response to forest harvesting support the concern by indicating that pressure head changes related 
to harvesting were less during large storm events (Dhakal and Sidle, 2004a; Dhakal and Sidle, 2008). 
Also, Gorsevski et al. (2006) recently modeled landslide susceptibility; their results indicate that 
while large events cause the greatest spatial instability, the smaller and more frequent events cause the 
greatest temporal instability. In contrast, a recent field-based study by Turner et al. (2010) found that 
the effect of stand age (a proxy for forest practices) was greatest at the highest storm intensity. 


The magnitude-frequency issue has also been examined in the field of forest hydrology by Alila et al. 
(2009) who utilized a frequency distribution framework to evaluate the effects of forest practices on 
hydrology. This type of framework is not feasible for field-based landslide studies, however, because 
of the long duration between landslide events and the spatial variability in landslide response.


The use of a retrospective study also increased the potential for ‘time since harvest’ to act as a con-
founding factor with respect to three 0-20 year old harvest treatments. As noted previously, it is 
assumed that either Watershed Analysis prescriptions will have resulted in older Full Buffer or Partial 
Buffer harvest units that overlap in age with No Buffer harvest units; or that the effect will be ac-
counted for through the inclusion of stand age as an auxiliary variable. The retrospective study also 
eliminated the potential inclusion of temporally variable parameters as auxiliary variables (e.g., local 
precipitation, snow accumulation, soil saturation) because the timing of the storm event could not 
be predicted in advance. As noted previously, we assume that those effects are accounted for through 
the inclusion of block as a random factor in the statistical analysis of landslide response by treatment.


2.6 Statistical inference
Statistical inference is the process of making conclusions based on the response in samples drawn 
from a larger population. Inference is extended to the population of interest through a set of assump-
tions attached to a particular study design (Sit and Taylor, 1998). In the Post-Mortem Study, infer-
ence related to relative landslide occurrence (i.e., landslides per unit area) can be generalized back to 
the landscape and conditions of the study area through the random selection of the blocks and the 
complete enumeration of road landslides and hillslope landslides that deliver to public resources.
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Section 3: implementation


In early December 2007, a series of three storms moved through the Pacific Northwest. These storms 
produced high winds and delivered large quantities of rain that helped trigger thousands of landslides 
in western Washington (Sarikhan et al., 2008) and led to significant flooding in the Chehalis basin 
(Mote, 2007). Preliminary reports suggested that the December 2007 storm event had produced a 
population of landslides over at least 120 square miles of largely commercial forest land subject to 
Forest Practices Rules. Aerial reconnaissance conducted by the WDNR confirmed that there was a 
large population of landslides in and around the Chehalis Basin. Based on these reports, UPSAG 
members secured appropriate permissions from CMER, Forests & Fish Policy, and the Forest Prac-
tices Board to proceed with implementation. UPSAG, with the help of other geologists, landowners 
and WDNR staff, developed a map defining the extent of the potential study area (Figure 3-1).


3.1 Study area
The study area is located in the Environmental Protection Agency’s (EPA) level III Coast Range 
Puget lowlands ecoregions, west of the Coastal Sitka Spruce (Picea stichensis) Zone (Figure 3-1). The 
geology of the area is characterized by a mixture of Eocene and Miocene basalts and marine sedi-
mentary formations (Washington Division of Geology and Earth Resources, 2005). In the Volcanic 
ecoregion, the topography is steep and the surficial geology is generally associated with Eocene basalt 
flows and basalt breccias of the Crescent formation. The Willipa Hills ecoregion has low rolling hills 
and mountains of moderate gradient, and the surficial geology is associated primarily with Eocene 
and Miocene sandstone, siltstone, and shales (Pater et al., 1998). Most hillslope soils in the study 
area are formed of colluvium and residuum derived from basalt and basaltic volcanic breccias; deep 
to moderately deep, well drained loams and cobbly loams are common (Evans and Fibich, 1987). In 
the study area, only small areas of hillslope soils are formed of sedimentary materials; this is merely a 
coincidence of storm intensity and distribution of geologic materials. Glacial materials are only pres-
ent on the broad expanse of the lower Chehalis Valley, and none of the study blocks are located on 
this nearly level surface. Elevation ranges from near sea-level to 3100 feet.


Forest management practices in the area include clearcut forest harvest, planting, pre-commercial 
and commercial thinning, aerial fertilization, and chemical control of competing vegetation (Turner 
et al., 2010). Industrial timberland has almost completely replaced the historic forests (Pater et al., 
1998). The landscape is currently dominated by second and third rotation stands of Douglas-fir 
(Pseudotzuga menziesii) with lesser quantities of Western hemlock (Tsuga heterophylla) and other spe-
cies (Turner et al., 2010).


The regional climate is controlled largely by its proximity to the Pacific Ocean. In summer, high pres-
sure in the North Pacific Ocean brings a prevailing westerly and northwesterly flow of comparatively 
dry, cool and stable air to the Pacific Northwest. During the fall and winter, prevailing southwesterly 
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Figure 3-1: Map of the study area showing Level IV ecoregions and the Coastal Sitka Spruce zone (Frankin and 


Dyrness, 1973; Pater et al., 1998).
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and westerly air flow brings moist air which results in a wet season that starts in October, peaks in 
winter, and then gradually decreases in the spring. During the wet season, rainfall is usually of light 
to moderate intensity and continuous over a period of time as opposed to heavy downpours for brief 
periods. In Western Washington, expected maximum rainfall intensities in one out of ten years are: 
0.6 to 1.0 inch in one hour; 1.0 to 2.5 inches in three hours; 1.5 to 5.0 inches in six hours; and 
2.0 to 7.0 inches in 12 hours (Ruffner, 1985). The Willapa Hills form a continuous ridge from the 
Chehalis Valley in the north to the Columbia River in the south, which is perpendicular to the axis 
of flow. As a result, the area receives the full force of storms moving inland from over the ocean, and 
heavy precipitation and winds of gale force occur frequently during the winter (Ruffner, 1985).


3.2 December 2007 storm
The first of the three storms arrived on December 1st and delivered one to four inches of snow in the 
Puget lowlands (Mote, 2007). The next day, a second low pressure system moved over the Olympic 
Peninsula and produced wind gusts of over 80 miles per hour along much of the Washington coast, 
which caused extensive wind damage. Precipitation to western Washington fell primarily as rainfall. 
On December 3rd, the third and most significant of the three storms brought moist tropical air and 
intense rainfall to most of western Washington. Rainfall associated with the third day of the storm 
ranked among the top 10 on record at several stations, and was among the top 5 at Elma and Aber-
deen (Mote et al., 2008). Although local rainfall recording stations do not have lengthy periods of 
record to allow meaningful ranking, they indicate that the Willapa Hills received exceptionally heavy 
rainfall (Mote et al., 2008). Daily totals at the four stations within the study boundaries show spatial 
variability and the rainfall distribution across the four-day storm period (Figure 3-2).


Figure 3-2: Daily (24-hour) precipitation amounts for December 2, 3 and 4, 2007 at the four weather stations in 


the study area that are available from the Office of Washington State Climatologist.                Totals were determined at 


midnight except for Pe Ell, which was not specified. See Figure 5-5 for station locations.
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3.3 Site selection and logistics
In February 2008, the general area for the study was finalized and contracts were signed with the 
Washington Department of Transportation (WDOT) for the acquisition of aerial photography. Dur-
ing April and May of 2008, 1:12,000 aerial photography was flown, providing stereo coverage with 
minimal parallax for the identification of landslides. Aerial photography was delivered to WDNR in 
batches in June and July of 2008.


Simultaneous to the acquisition of aerial photography, a Request for Qualifications and Quotations 
was issued by the WDNR. In June 2008, Matt O’Connor the principle investigator for O’Connor 
Environmental Inc. who is a licensed geologist in both Washington and California, was chosen to 
implement the project.


Post-Mortem clusters were randomly selected from public land survey sections. If a randomly se-
lected cluster overlapped a portion of a previously selected cluster, the latter cluster was rejected and 
a new random selection was made. The result was a random selection of non-overlapping clusters. 
Randomly selected clusters were screened, and rejected if they did not meet the required minimum 
landslide density of four landslides per cluster as identified in the aerial photography.


In June 2008, the project manager sent letters requesting access permission to landowners in po-
tential study clusters. The letters described the project and access requirements. The contractor was 
responsible for follow-up contacts and securing access to private land. A few small landowners denied 
access on a few, relatively small parcels, but all large landowners granted access.


3.4 Harvest treatment delineation
Delineation of harvest units and forest stands was accomplished by interpretation of 1:12,000 aerial 
photographs, National Agriculture Imagery Program (NAIP) 2006 orthophotos, and WDNR base 
map information including contours, streams, roads, and section lines. All of the landbase in a block 
was assigned to one of the five treatments based on a set of defining characteristics (Table 3-1 and 
Figure 3-3) except large areas of flat land (e.g., the Chehalis River floodplain) and non-forest land 
(e.g., the City of Pe Ell).


Treatment Primary characteristic Secondary characteristic Critical


No Buffer 0-20 years old No (or very limited) 
buffering of RIL


Yes


Partial Buffer 0-20 years old Some (but not complete) 
buffering of RIL


No


Full Buffer 0-20 years old Complete buffering of RIL Yes


Submature 21-40 years old n/a No


Mature Greater than 40 years old n/a Yes


Table 3-1: Primary and secondary characteristics for the delineation of harvest treatments.
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                   Although buffers and leave areas within 0-20-year-old harvest treatments (NB, PB and 


FB) are outlined, each was incorporated into the adjacent treatment polygon for analysis. In Mature and Sub-Ma-


ture polygons, streams and RIL that would be buffered are also present and were similarly included with the stand, 


though are not delineated on this map. Numbered red arrows point to broadly convex, undissected areas with no 


apparent RIL; these areas were observed within polygons of all treatments. Because photography was taken in 


2006 before the Post-Mortem storm, no landslides are evident. Work was done to evaluate stand age as a covariate 


(Section 6.1.1). 
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Large landowners provided stand-age maps which confirmed the broad age categories of 0-20 years, 
21-40 years, and 41+ years and helped with the polygon delineation. Where stand-age maps were not 
available, field crews were able to establish the treatment using tree age estimates in the field. Where 
harvest unit edges were not obvious, treatment boundaries were assumed to coincide with streams, 
roads, ownership boundaries, and ridge lines.


Harvest unit boundaries for stands older than 20 years old were inferred simply as a function of 
stand age, since unstable slope or riparian buffering was seldom done in that era. However, harvest 
units less than 20 years old typically include a mix of operational (e.g., logging access, tree merchant-
ability), wildlife, riparian and RIL buffers, and frequently have trees of significantly different ages 
within their boundaries. Buffers that could be reasonably associated with a harvest unit were includ-
ed in its delineation. An additional set of operational characteristics were defined to ensure consis-
tent delineation of treatments in a complex landscape. For example, the No Buffer treatment could 
have limited unstable slope buffering along the lowest extent of an inner gorge on Type F water (i.e., 
pre-FFR riparian buffer). Also, yarding corridors created by suspension yarding through the upper 
canopy without the cutting of corridors (but perhaps with the cutting of a couple of safety trees) did 
not prevent a harvest unit from being classified as Full Buffer.


Distinguishing among the three 0-20 year harvest treatments (No Buffer, Partial Buffer, and Full 
Buffer) required careful evaluation for the presence of RIL and their level of buffering and these 
decisions were made by interpretation of aerial photography coupled with the use of 10-meter digital 
elevation models (DEM) and the WDNR slope stability model SlpStab (Shaw and Vaugeois, 1999). 
In some situations, it was difficult to verify the presence or absence of RIL using aerial photography 
(e.g., snow, shadows, etc.) and other tools (e.g., inherent limitations of determining exact slope gradi-
ent from 10-meter DEM which tend to underestimate the true gradient of small, steep landforms). 
When the remote determination was questionable, field crew were dispatched to harvest units to an-
swer specific questions (e.g., is this concave feature really a 70% bedrock hollow?). This is consistent 
with Forest Practices which require field verification of potentially unstable slopes. In the first several 
blocks, treatment assignment was performed by the contractor’s field coordinator. Later, much of the 
harvest treatment classification task was transferred to WDNR staff.


Although the treatments were designed to be mutually exclusive, harvest units were found that ap-
peared to meet the definitions for either the Full Buffer or No Buffer treatments. Typically, these 
were harvested units with or without riparian buffers, but with no RIL and therefore no clear cat-
egory of RIL buffering. Harvest units with stands between 0-20 years old (but typically less than 10 
years old) without RIL were assigned to the Full Buffer treatment if they were planted after 2001 
(i.e., post-FFR), and were assigned to the No Buffer treatment if they were prior to 2001 (i.e., pre-
FFR – see NB polygon on Figure 3.2 at Arrow #1 which does not appear to have any RIL). The 
implementation decision to assign harvest units without RIL into No Buffer and Full Buffer by age 
of harvest is consistent with the study design because it was assumed that unstable landforms would 
be quasi-randomly distributed, and therefore roughly equally distributed, among the treatments after 
the individual harvest units and forest stands were aggregated within a block. No Buffer and Full 
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Treatment Primary characteristic Critical


Abandoned Removed from use according to a formal abandonment 
process or equivalent


No


Mitigated Improved for the purpose of reducing mass wasting 
potential


Yes


Standard Drained and graded in accordance with Forest Practices 
Rules


Yes


Orphaned Orphaned in 1974 and not used since that time. No


Substandard Fails to meet current road standards Yes


Table 3-2: Primary characteristics for the delineation of road treatments.


Buffer, both critical treatments, represent two different eras of Forest Practices whose relative effec-
tiveness at limiting landslide rates is what this study is evaluating.


Assuming a quasi-random distribution of RIL, individual polygons of Mature and Submature may 
also be devoid of RIL. Therefore, individual polygons of No Buffer, Full Buffer, Submature and Ma-
ture may not contain RIL, and we have observed significant areas within many harvest units or forest 
stands that do not contain RIL (Arrow #2 points to such an area within a Mature stand). By virtue 
of its definition, each Partial Buffer harvest unit did contain one or more RIL, but those too may 
contain significant areas without RIL (Arrow #3). Further discussion about the implications to study 
results is provided in Section 7.2.3.


3.5 Road segment treatment delineation
Road segments were assigned to one of five treatments (Table 3-2). Assigning road segments to 
treatments was accomplished primarily through direct observations by field crews. With abandon-
ment, one or more of the following typically occur: road fill is removed from stream crossings; road 
tread, ditches and cross-drain culverts are re-graded to restore natural drainage patterns; numerous 
deep waterbars may cross the former road tread; and perched fill is removed. Management leading 
to abandonment is designed to best limit any future surface erosion or mass wasting from the road. 
Mitigated roads are defined by a lack of perched sidecast on steep sideslopes with delivery potential, 
as well as a well-designed and maintained drainage system (e.g., over-sized stream-crossing culverts) 
that is beyond what would be expected for a Standard road segment. Standard roads display long-
term active maintenance such as grading, road surfacing, ditch maintenance, and appropriately sized, 
located, and maintained stream-crossing and cross-drain culverts. Standard roads may be non-drive-
able because of the growth of brush or younger trees, so long as the vegetation does not act to impair 
the drainage function. Orphaned roads have not been in use since 1974 and are typically undrivable. 
They may be difficult to locate because of understory vegetation and trees growing in the road prism. 
Substandard roads are defined by evidence of inadequate drainage such as non-functioning culverts 
and few or non-functional ditch relief structures.
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Road treatments were designed to be mutually exclusive, and if a road segment was Abandoned, 
Mitigated or Orphaned, the assignment of a treatment was usually simple. However, mitigation 
measures such as sidecast pullback that had occurred several years prior were difficult to detect in the 
field. If a road segment was not clearly one of the first three types, then general road conditions and 
the number and effectiveness of drainage structures were assessed and the road segment was desig-
nated Standard or Substandard as appropriate.


Paper maps and GIS data were used by the field crew to locate roads mapped in the WDNR GIS da-
tabase. When unmapped roads that were constructed prior to the December 2007 storm were found 
in the field, the road segments were mapped. Roads constructed in spring and summer of 2008 were 
occasionally encountered and excluded from the study because they were not subjected to the De-
cember 2007 storm.


3.6 Augmentation of critical treatments
To ensure that representative samples could be obtained, the study design provided minimum area 
and length criteria for the critical treatments. When sufficient area or length of a critical treatment 
could not be found within the cluster (e.g., initial four sections), sampling was augmented through 
use of the frame. The frame was defined as the 12 sections surrounding a cluster.


The overlap of frames, and the overlap of a cluster onto another’s frame, was permissible; however, to 
avoid repeated sampling, once field data had been collected in a section of the frame, that section was 
no longer available for sampling to augment another cluster’s critical treatments. Frame sections were 
numbered from 1 to 12 beginning with the northeastern corner and continuing in a counter-clock-
wise direction to determine the sampling order. When the frame was used, the randomly assigned 
cluster number was divided by 12 and the frame section with the same number as the remainder was 
sampled first. Using Cluster 70 as an example, 70 divided by 12 is 5 with a remainder of 10, so the 
frame sampling would begin with the section numbered 10 (which is southeast of the southeastern 
section of the cluster).


Within a given frame section, searches were conducted from the southeast corner diagonally towards 
the northwest corner, and the first-encountered road segment or harvest unit/timber stand was used. 
If a frame section did not yield sufficient additional length or acres of an under-represented treat-
ment, the sampling of frame sections would proceed by searching frame sections sequentially in a 
counter-clockwise direction. Where two frames overlapped, frame use for the first randomly selected 
cluster had to be completed before frame use for the next randomly selected cluster could begin. In 
no instance was it permissible for two clusters to sample from the same frame section.


The twelve-square-mile frame was also used to augment acres removed from a four-square-mile 
cluster (Figure 2-2) for the following reasons: 1) a small portion of the cluster lay on the Chehalis 
River Floodplain or other 40+ acre area of flat land; 2) the landowner denied access; and 3) the land 
was not forest land (e.g., large borrow pits, agriculture, incorporated land, etc.). The removal of acres 
from a four-square-mile cluster happened only occasionally.
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3.7 Field personnel training and data collection
Field crews conducted landslide surveys and road indices surveys, attributed road segment treat-
ments, and reviewed preliminary harvest unit treatment determinations. Crew members each had 
previous training in geology, geomorphology, hydrology, forestry, and/or forest engineering; but may 
or may not have had previous experience with WA Forest Practices Rules. Field protocols for the 
landslide surveys included walking or driving all roads and walking all streams in search of all road-
related landslides and all landslides that delivered to streams.


UPSAG hosted a four-day training for the field crew between June 30 and July 3, 2008. The train-
ing covered field data collection protocols and the definitions of harvest unit and road segment 
treatments. Ten of the sixteen field crew members attended this first training. A second training was 
conducted for the additional six field crew and for an observer variability team for during the first 
week of September 2008. Because it was possible for the new members of the crew to observe field 
collection methods with experienced field crew, the second training was shortened to one day in the 
classroom followed by time in the field working with previously trained crew members.


Field crews were provided maps for each cluster showing roads, 1:100,000-scale bedrock geology, 40-
foot elevation contours, streams, stand age (where available), section lines, and probable landslides 
from aerial photo interpretation. Crew members were required to have in their possession when 
collecting data the following items: set of paper maps described above; field manual; field forms; field 
computer (with GPS and camera); materials for plant species identification; laser range finder; 100’ 
tape measure; string box; DBH tape; compass; clinometer; and flagging.


Fieldwork began July 7, 2008. Field crews followed data collection procedures described in the 
Post-Mortem Field Manual (Phillips et al., 2008). The Post-Mortem Field Manual contains instruc-
tions for data collection methods organized into several data tables. The primary table contains data 
collected at every landslide surveyed. An additional data table was completed for each landslide based 
on landslide initiation location: 1) Hillslope (No Road), 2) Hillslope Road, or 3) Stream-Crossing 
Road. Field crew were instructed to identify landslides as Hillslope (No Road) if the failure initiated 
outside of a road prism (i.e., not within the cutslope, tread or fillslope), as Hillslope Road if the fail-
ure initiated within a road prism but not within a stream-crossing fill, and as Stream-Crossing Road 
if a stream-crossing fill had completely or partially failed. Table 3-3 lists the set of parameters associ-
ated with each table. The Field Manual (Phillips et al., 2008) contains a complete description of each 
parameter, a list of possible choices, and instructions for making a choice.


Data were collected primarily for debris flows, debris slides and debris avalanches, which are the 
rapidly moving earthen failures. Data were collected for dam-break floods events and deep-seated, 
rotational landslides only if it was apparent that the failure initiated during the storm (see Section 
5.2 for definitions). If multiple landslides coalesced into one, the largest of the multiple slides was 
considered to include the entire length of the landslide while the smaller adjacent slide(s) ended at 
the point of convergence. The minimum landslide initiation volume where data were collected was 
five cubic yards if the initiation did not evolve into a larger event.
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Primary table


Landslide ID GPS location Aspect Slope form horizontal


Slope form vertical Failure length Failure width Failure average depth


Failure maximum depth Rule-identified landform Mapped / observed 
geology


Harvest unit planted 
age (yrs)


Understory plant 
characteristics


Landslide process Delivery to typed waters Sediment and debris 
delivery volume (cubic 
feet)


Event location Photo number Comments


Hillslope (no road) table


Landslide ID Overstory tree 
composition


Average tree diameter Density


Buffered Stand age of buffer (yrs) Pre-storm blowdown LWD delivery


Landform comment Contributing factors Photo number Comments


Hillslope road table


Landslide ID Failure location Natural ground gradient 
(%)


Road surface geometry


Tread condition Ditch depth (in.) Ditch flow Sidecast width (ft)


Drainage Upslope road distance Photo number Comments


Stream-crossing road table


Landslide ID Inlet stream angle Structure type Structure material


Structure diameter Culvert gradient (%) Culvert condition Flume


Culvert blockage Upstream bankfull width 
(ft)


Sediment type Organic debris load


Stream gradient 
downstream (%)


Upslope road distance 
draining to site


Pirated water Fill quality


Total fill depth at outlet 
(ft)


Failure description Photo number Comments


Table 3-3: Landslide data parameters from the Post-Mortem Field Manual (Phillips et al., 2008).


The manual is available as a supplement to this report and contains a complete description of each parameter, a list 


of possible choices, and instructions for making a choice.
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Landslide information was entered directly into electronic field forms loaded onto handheld com-
puters equipped with GPS and GIS capabilities (Trimble Nomad XT). The handheld computers 
contained map layers with polygons depicting landslides identified from aerial photo interpretation, 
WDNR roads, WDNR streams, geology, harvest treatments, section lines and topographic contours. 
If the field crew was unsatisfied with the accuracy of the position recorded by the GPS device (e.g., 
when GPS signal coverage was poor) then the point could be moved or the location could be selected 
using the touch pad screen; the map layers were helpful for verifying landslide location.


Paper field forms were used if a handheld computer was not functioning properly or was unavailable. 
Field crews also kept a field notebook in which they entered landslide ID numbers, data forms used, 
and a drawing of landslides that had not been identified through the aerial photo inventory. Addi-
tional information was commonly noted, and the estimates of delivered volumes were calculated and 
explained. Field notes were collected and retained by the contractor.


As the field season neared completion, the contractor reviewed compiled cluster data to search for 
data gaps (i.e., an underrepresented treatment) and to guide completion of field surveys. If necessary, 
the field crew, under direction of the contractor and the field coordinator, returned to previously vis-
ited clusters to locate and survey landslides from road and harvest treatments to ensure that the mini-
mum sample size requirements (5% minimum representation of any critical treatment in any cluster) 
were met. As of November 22, 2008, field data collection was completed and minimum sample size 
requirements were determined by the contractor and coordinator to have been met.


3.8 Quality assurance and quality control (QA/QC)
Data collected during the study went through two data Quality Assurance and Quality Control 
(QA/QC) reviews and an assessment of observer variability that was performed as a quality assurance 
exercise.


The first QA/QC review was conducted by the contractor during the period of field data collection. 
This review focused primarily on the identification of data entry errors. Refinement and additional 
data collection occurred as errors or omissions were identified. As a result of an informal UPSAG 
quality control check on the assignment of road segment treatments near the end of the field season, 
all road segments were subsequently reviewed by two of the field survey staff who received additional 
field training from an UPSAG member. The original road treatment determinations were revised 
only when demonstrably in error.


The second QA/QC exercise occurred when stand age data were made available by landowners for 
all harvest units in the study area.13 At that time, stand age was added to the GIS layer for harvest 
treatments. All harvest treatment determinations were reviewed as new GIS line work was added to 


13 For a small number of private landowners, stand age was estimated through allometric regression against tree height. 
WDNR staff estimated stand heights using BAE SOCET SET photogrammetric system software in a 3D stereo, 
WA State Plane NAD83/91 South Zone projection, units U.S. Survey Feet.
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delineate buffers and even-age portions of harvest units. If, during the review, it was noted that the 
stand age was inconsistent with the treatment assignment, the treatment assignment was changed to 
be consistent with the stand age. If the classification for a 0-20 year old treatment appeared incorrect 
with respect to the buffering of RIL, a qualified expert for unstable slope identification in Washing-
ton State reviewed the unit and made the final determination as to the assignment of treatment. The 
original treatment determinations were not altered unless there was clear evidence of an error.


3.8.1. Quality Assurance and observer variability
A third QA exercise was conducted to assess observer variability among the field crew. This assess-
ment was carried out by an observer variability team composed primarily of WDNR staff (Miskovic 
and Powell, 2009). In this third exercise, two or more members of the team visited landslide initia-
tion sites that had previously been visited by the field crews. At each landslide site, the team made 
independent measurements and evaluated the field crew determinations. Results were not used to 
modify the Post-Mortem dataset, but serve as an independent assessment of observer variability. Key 
findings from this exercise are discussed in Section 5.1, and a full copy of the Miskovic and Powell 
(2009) report is available as a supplement to this document.
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Section 4: data analySiS


This section describes the data analysis techniques employed in the study including the software 
used, data quality control procedures, and the choice of statistical models.


4.1 Software
Data analysis was conducted with ArcGIS 9.3, Access 2007, Excel 2007, JMP 8.0.2.2, SAS 9.2 and 
the open source software package R (version 2.11.1, R Development Core Team, 2008) with the 
following packages: agricolae (Mendiburu, 2010), gplots (Warnes et al., 2009), lme4 (Bates and 
Maechler, 2010), multcomp (Hothorn, et al., 2008), pscl (Jackman, 2010; Zeileis et al., 2008), and 
SuppDists (Wheeler, 2009).


4.2 Analysis of harvest landslide count by treatment
The statistical analysis used to examine differences in landslide count among treatments was con-
ducted using a Generalized Linear Mixed Model (GLMM). GLMM combine the properties of two 
widely used statistical frameworks: 1) linear mixed models, which incorporate random effects; and 
2) generalized linear models, which handle non-normal data through the use of link functions from 
the exponential family. GLMM are the best tool for analyzing non-normal data that involve ran-
dom effects, including count observations (which may be non-normally distributed) collected from 
experimental units within randomly selected blocks, where some or all of the observations may be 
correlated (Bolker et al., 2009; SAS Institute Inc., 2006).


Landslide counts were modeled with a Poisson distribution and log link and a model of the form:


 Ln(E(yij|a)) = m + ai+ bj+ qAij +gXij  (1)


where: yij is the log (Ln) of the expected (E) landslide count for each block (i) and treatment (j),
 m is the grand mean for all blocks and treatments,
 ai is the random effect for each block,
  bj is the fixed effect of for each treatment,
 Aij is a variable representing area or exposure in each cell (q is fixed at 1), and
  g is the regression coefficient for the fixed effect of an auxiliary variable (X) across treatments 


and blocks.
In this model, cell treatment responses are the additive result of treatment, block, and auxiliary vari-
able effects and cell values are calculated at the scale of treatments within blocks (Appendix A.2 pro-
vides the justification for block-scale pooling). Area is used as a weighting factor since the variance in 
density (count per unit area) increases as the area becomes small.


Auxiliary variables were included in a series of models that were evaluated based on Akaike’s informa-
tion criterion (AIC) scores produced through likelihood ratio tests. Modeling was performed with 
the glmer function in the lme4 package of R. Glmer is a procedure for fitting GLMM and it pro-
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duces fitted models that can be analyzed using ANOVA. Models producing the lowest AIC scores are 
preferred.


Final model fitting was performed with the SAS GLIMMIX procedure in SAS 9.2. Model param-
eters were estimated using Gauss-Hermite quadrature estimation, which is more accurate than other 
estimation methods and is appropriate for data limited to 2-3 random effects (Bolker et al., 2008). P-
values for comparisons among treatments were adjusted using Tukey-Kramer step-down adjustments. 
Tukey-Kramer is appropriate when data are unbalanced and the step-down procedure increases the 
power of multiple comparisons using a Holm’s adjustment (SAS Institute Inc., 2009). The method 
employs the Royen (1989) extension in such a way that the resulting p-values are conservative.


4.3 Analysis of road landslide count by treatment
Road landslide counts are analyzed using the non-parametric Friedman test from the agicolae pack-
age in R. The Friedman test is a rank-sum method for analyzing unreplicated complete block designs 
(i.e., there is exactly one observation for each combination of treatment and block) where the dis-
tributional assumptions of parametric statistics cannot be met. The Friedman test is an extension of 
the sign test and only requires that blocks are mutually independent. The null hypothesis is that the 
ranking of the random variable within each block is equally likely indicating that the treatments have 
identical effects (Conover, 1980). The Friedman test does not allow for factors other than block (i.e., 
no covariates), but early analyses conducted with linear models and log-transformed road landslide 
densities failed to identify important covariates.14


4.4 Analysis of road and harvest unit landslide density and sediment yield
A number of previous studies have compared landslide density and sediment yield per unit area for 
roads and harvest units independently. In this study, harvest unit polygons include the area occupied 
by roads. Where road and harvest unit densities are reported together (e.g., Section 5.4), they are 
based on landslides, roads, and harvest unit delineations in the core of each block. Within the core 
area, road area is subtracted from harvest unit area for the purpose of estimating density and sedi-
ment yield per unit area.15 These density estimates are described in tables and figures as core area 
densities.


14 Two different slope parameters were evaluated as predictors for road landslides: 1) 10-meter DEM slope extracted 
along road lines, 2) 10-m DEM slope extracted using a 5-meter offset from the road center-line and extending 
an additional 5 meters onto the hillslope. Preliminary analysis based on an ANCOVA model with road landslide 
density as response and block, treatment, and slope metric as predictors; indicated that neither slope parameter was 
significant and that both should be dropped from the road landslide model.


15 As described in Section 3, critical road and harvest treatments were sometimes augmented by using areas of the 
frame that surround the core of each cluster. By restricting the analysis to the core of each block, it becomes possible 
to estimate  the area occupied by road corridors and subtract it from harvest unit area calculations. Since road area 
was not measured as part of the study, a fixed road width of 60 feet was used to estimate the size of the road corridor, 
which is similar to the 20 meters used by Swanson and Dyrness (1974) and Guthrie (2002) for estimating road area.







	 Section	4:		Data	analysis	 |	 31


4.5 Analysis of landslide size
Landslide size at initiation was calculated as the product of the length, width, and averaged depth 
of the landslide initiation area. If a landslide delivered to a public resource (e.g., typed water), field 
crews estimated the volume of sediment delivered. Delivered volumes were estimated as the ini-
tial volume plus the volume of observed scour minus the volume of observed deposition along the 
landslide track (this is explained more fully in Section 5.2). Sediment volume is sometimes reported 
in terms of mass density (i.e., tons per hectare), and an early reviewer of this study requested that all 
landslide volumes be presented in those terms.


4.5.1. Unit conversion to mass density
The conversion from volume to mass density requires an estimate of soil bulk density and area. Soil 
bulk density was not measured as part of this study so a single bulk density value of 125 pounds per 
cubic foot was used for all conversions. This value was chosen because Montgomery et al., (1998) 
reported 125 pounds per cubic foot for a site in coastal Oregon; and Shaw and Vaugeois (1999) used 
this value for all bulk densities in the WDNR SlpStab model. As a result of using a single bulk den-
sity, estimates of landslide volume and mass density are directly proportional.


4.5.2. Analysis of harvest landslide mass density by treatment
Mass density does not meet the distributional assumption of Poisson or Gaussian regression, so val-
ues were normalized by fitting a Box-Cox transformation using the PROC TRANSREG procedure 
in SAS. Treatment was included as a class variable in the analysis. The TRANSREG procedure tries a 
range of power parameters and maximum likelihood to pick the parameter (l) that provides the best 
transformation. Given the transformation parmater l, original values are transformed such that:


 ytransformed=(yoriginal
l-1)/ l) (2)


Box-Cox transformations require that all data be non-zero, so 1xE-6 was added to all original mass 
densities prior to analysis. Power parameters (l) that were tested ranged from -2 to 2 in increments 
of 0.01.


Using Box-Cox transformed values, differences in mass density by treatment were evaluated with a 
GLMM of the form:


 (yij|a) = m + ai+ bj+ gXij  (3)


where: yij is the expected transformed mass density for each block (i) and treatment (j),
 m is the grand mean for all blocks and treatments,
 ai is the random effect for each block,
  bj is the fixed effect for each treatment, and
  g is the regression coefficient for the fixed effect of a auxiliary variable (Xij) across treatments 


and blocks.
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Model parameters were calculated with SAS GLIMMIX using Gauss-Hermite quadrature estima-
tion. The distribution was specified as Gaussian with an identity link. Multiple-comparison tests 
were conducted with conservative stepdown Tukey-Kramer adjustments.


4.5.3. Analysis of road landslide mass density by treatment
Differences in road landslide mass density were evaluated using the non-parametric Friedman test in 
the agicolae package in R. The Friedman test is a rank-sum method for analyzing unreplicated com-
plete block designs where the distributional assumptions of parametric statistics cannot be met. The 
null hypothesis is that the ranking of the random variable within each block is equally likely.


4.6 Pooling auxiliary variables at the scale of blocks
The analysis of landslide counts allows for the inclusion of covariates calculated at the scale of treat-
ments within blocks. For landslide counts, pooling is performed by summing over all experimental 
units in the same treatment group and block. For auxiliary variables, block-scale values are calculated 
as an area-weighted mean:
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ijkijk
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where k is number of experimental units within a given block and treatment.


4.7 Other analysis
Other analyses were conducted using the JMP and R software packages. Most graphs were produced 
with R and exploratory multivariate regression were largely performed with JMP.
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Section 5: deScriptive reSultS


This section of the report includes descriptions of landslide and landscape attributes collected from 
the 22 randomly selected blocks in the Willapa Hills province in southwest Washington. As noted 
earlier, field data collection efforts were focused on identifying all road-related landslides and all hill-
slope landslides that delivered to WDNR typed waters. Hillslope landslides that did not deliver were 
surveyed opportunistically and therefore results that include hillslope landslides that did not deliver 
may have an unknown amount of bias associated. Descriptions of data parameters from which no 
inference can be drawn are relegated to presented in Appendix A. Although this section characterizes 
the landslides and landslide processes in this study, it does not contain the statistical analyses, which 
are covered in Section 6.


Within the study area, over 58,000 acres (91 square miles) of forested uplands and 555 miles of for-
est roads were field surveyed for landslides and assigned to one of five harvest or road treatments, re-
spectively (see Section 2.2). Field crews located 1,133 hillslope landslides, 938 of which delivered to 
public resources, and 347 road-related landslides, 209 of which delivered to public resources (Table 
5-1).16 The majority of road-related landslides (289 of the 347) were characterized as “hillslope road” 
which means they were not associated with stream-crossings; almost half of these did not deliver to 
public resources. Most of the stream-crossing road landslides (59 of 67) were reported to have deliv-
ered to a public resource. The eight stream-crossing road landslides reported as not delivering may be 
because the streams are untyped water,17 or may simply be errors on the part of the field crew.


16 Public resources in this context generally refers to waters typed by WDNR.


17 Small, non-fish-bearing streams that do not connect to the rest of the channel network are classified as “untyped” 
and are not considered public resources under Forest Practices Rules.


Landslide event 
location


Delivery


No Yes


Hillslope (No-Road) 194 938


Hillslope road 129 150


Stream-crossing road 8* 59


Notes: Field crews failed to note delivery status for 
one hillslope and one road-related landslide so those 
landslides are not incorporated in this table.


Table 5-1: Number of landslides by event location and whether it delivered to a public resource.
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5.1 Observer variability
In order to evaluate the accuracy and consistency of the data collected by the field crews, the WDNR 
provided an ‘observer variability team’ with experience in unstable slopes and Forest Practices Rules 
to independently evaluate field crew data calls. Members of the observer variability team (typically a 
pair) visited approximately 10% of the landslides that had been surveyed by the field crews. At each 
site, the observer variability team compared their responses with the field crew responses and decided 
whether the field crew assessments were reasonably in agreement with theirs. ‘Agreement’ was tallied 
where the observer variability team’s observations were the same or sufficiently similar to the original 
field crew observations. The report that summarizes their findings, Miskovic and Powell (2009), also 
defines the methods for determining agreement for specific parameters. Results were not used to alter 
the data collected by field crews because there was no determination of which group was in error 
and disagreement may result from a high degree of subjectivity in the parameter itself. The observer 
variability metrics that relate to results presented in this report are included in Table 5.2 and some 
particularly important metrics are briefly discussed here.


The observer variability team agreed with the assessments of the field crews the majority of the time, 
but certain parameters were subject to greater disagreement than others (Table 5-2). For example, 
the observer variability team found that gradient at the initiation site was difficult to measure consis-
tently. They report that the average absolute difference between the two groups was 11.5%, with the 
observer variability team generally reporting higher gradients on shallow slopes, and lower gradients 
on steeper slopes than the field crew (Figure 5-1). There are several reasons why the two groups 
might record different slopes. First, it is impossible to measure the slope gradient of interest (i.e. , the 


Parameter


Landslides 
examined


(N)
Agreement


(%) Parameter


Landslides 
examined


(N)
Agreement


(%)


Event location 144 99% Delivery to typed 
waters


129 90%


Landslide process 144 94% Gradient at failure 
site


144 88%


Scarp length (ft) 144 94% Scarp width (ft) 144 92%


Average depth (ft) 144 88% Delivered 
sediment volume


144 77%


Contributing 
factors


143 97% Initiation in a RIL 144 85%


Harvest unit age 144 77% Buffer presence 110 77%


LWD delivery* 108 85%
Source: Miscovic and Powell, 2009
* The observer variability team report that they had low confidence in their assessment of this metric, citing differences in the interpretation of 
Large Wood Debris (LWD) as the cause.


Table 5-2: Percent agreement between field crews and observer variability team for a select set of Post-Mortem 


parameters.
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steepness of the slope before the landslide) at a site that has already failed. As shown in Figure 5-2, 
the gradient of the hillslope adjacent to the landslide was measured because it is the best approxima-
tion of the pre-landslide slope gradient. The observer variability team discovered that even this seem-
ingly straightforward measurement of gradient adjacent to the landslide proved difficult to reproduce 
under certain field conditions (Miskovic and Powell, 2009). With the non-uniform gradients of 
natural hillslopes, gradient measurements vary depending on exactly where the observer is located. 
On average, the observer variability team reported gradients that were 5% steeper than the gradients 
reported by the field crews on average (Miskovic and Powell, 2009).


The observer variability team reported they disagreed with 15% of the call as to whether a landslide 
initiated in a RIL. In most cases where there was disagreement, the observer variability team identi-
fied the landslide as having originated in a RIL where the field team did not (Miskovic and Powell, 
2009). Given the importance of slope gradient in RIL definition, it appears likely that many of the 
differences in RIL determination between the field crew and observer variability team may have been 
predicated on their differences in slope measurement.


The observer variability team found that they generally agreed with measurements of landslide scarp 
width and length, though irregularly shaped landslide scarps resulted in some disagreement between 
the two groups. The observer variability team found that maximum depth calls were fairly easy to 
agree with, but that there was greater disagreement on mean depth. Where there was a disagreement 
on mean depth, the field team generally recorded slightly deeper values than the observer variability 
team (Miskovic and Powell, 2009).


Figure 5-1: Gradient at initiation site for the observer variability team vs. the field crew.                         Points below the 1:1 line 


indicate landslides where the observer variability team recorded steeper slopes than the field crew, while points 


above the line show where the field crew recorded steeper slopes.
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While the observer variability team often agreed with field crews on initial headscarp dimensions, 
there was much more subjectivity in determining the total amount of sediment delivered by a land-
slide. The volume of sediment delivered to a stream is based on estimates of initial headscarp volume 
(product of length, width and average depth), minus deposition, plus scour. Each measurement 
requires some level of judgment by the observer and differences are compounded over the length of 
the runout. The observer variability team found that the field crew assessments were reasonable 77% 
of the time, which they felt was surprisingly high, given the number of factors and the variability in 
the estimate of each one. They note that differences, where present, were associated with either: 1) 
the field crew’s failure to include scour associated with a debris flow; or 2) different determinations of 
delivery to a WDNR typed stream (Miskovic and Powell, 2009). An additional observer variability 
exercise, described in Appendix A3, compared delivered sediment volume estimates from 10 inde-
pendent observers from the field crew and LiDAR cut-and-fill estimates for 9 large landslides. In this 
exercise, individual estimates of delivered volume varied greatly – by up to two orders of magnitude 
in one case (average coefficient of variation of 0.84). However, these landslides were among the larg-
est landslides in the study, and would be expected to be among the most complex to measure.


The observer variability team agreed with 77% of the field crew calls on buffer presence. They note 
in the report that the instructions for data collection on this metric proved problematic for both the 
field crews and the observer variability team. The primary source of the problem appeared to be how 
to treat stands greater than 20 years old. According to the Field Manual, these stands should have 
had buffer recorded as ‘Null’ meaning that buffers do not exist in older forest stands and the question 
cannot be answered, but in 20% of the cases the field crews reported that there was ‘no buffer.’ When 
the analysis was restricted to stands less than or equal to 20 years old, there was 96% agreement 
(Miskovic and Powell, 2009).


Figure 5-2: Example of measuring hillslope gradient at the failure initiation site (Photo: Julie Dieu)
As shown in this photo, field crew were trained to take a hillslope gradient measurement adjacent to the landslide 


initiation site that best approximated the hillslope gradient at the failure site.







	 Section	5:		Descriptive	results	 |	 37


Table 5-3: A summary of the landslide processes described in the Post-Mortem Field Manual (Phillips et al., 2008).


Landslide process Definition


Debris slide Aggregations of coarse soil, rock, and vegetation that lack significant water 
and move at speeds ranging from very slow to rapid down slope by sliding or 
rolling forward. Debris slides typically travel short distances and tend to form 
hummocky, poorly sorted deposits.


Debris flow Rapid flow of slurries composed of sediment, water, vegetation, and other 
debris. Debris flows typically initiate on steep, saturated slopes and travel 
down convergent channelized pathways (Sidle and Ochiai, 2006).


Debris avalanche Partially or fully saturated rapid landslides similar in process and material 
to debris flows but not channelized over most of their length. They tend to 
behave morphologically similar to snow avalanches that splay across the 
slope (Hungr et al., 2001).


Deep-seated landslide Typically large rotational slides that occur because of weakness or changes 
in bedrock geology or mechanical properties of unconsolidated materials. The 
slide plane of deep-seated landslides is generally well below the maximum 
rooting depth of forest trees.


Dam-break flood Catastrophic flood events formed predominately of water. Most often, they are 
secondary events that initiate after a landslide deposit dams a confined but 
low gradient channel and a pond builds up behind the dam. They also can be 
triggered by the breaching of small manmade dams, beaver dams and road 
stream-crossing fills.


5.2 Landslide process, volumes and sediment delivery
Field crews were asked to determine the landslide process that best described all or most of the length 
of the landslide, its initial size, and the volume of sediment that delivered to public resources. For 
guidance on determining landslide process, the field manual provided detailed descriptions (Phillips 
et al., 2008). Table 5-3 includes a summary of landslide process definitions. Field crews were allowed 
to pick ‘Other’ if the landslide did not match any of the provided descriptions. With respect to 
volume, crews were asked to record initial scarp dimensions (Table 5-4). In addition, they were asked 
to calculate delivered sediment volume which is the product of the initial dimensions (i.e., the initial 
failure volume) plus any observed channel scour as the landslide traveled downslope minus any 
observed deposition on the hillslope or floodplain (Table 5-5). The delivered sediment volume is the 
sediment that the landslide transported to the channel where the landslide stopped; this is important 
to understand because researchers who study landslides or conduct sediment budgets view delivery in 
a variety of ways. For this study, delivered volume includes sediment that had already reached a small 
stream channel (through a variety of processes) and then was remobilized as a debris flow scoured 
down the small stream channel and “delivered” to the lower gradient channel network. The calcula-
tions of delivered sediment do not include any component of fluvial entrainment or transport after 
the landslide process was finished.
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 Location
Gradient 


(%)*
Length


(ft)
Width


 (ft)
Ave. Depth†


(ft)


Delivery    Process N Mean Min Mean Max Min Mean Max Min Mean Max


 Hillslope


No Debris avalanche 16 72 14 89.7 315 10 31.0 120 1 4.1 15


Debris flow 38 71 15 81.6 600 6 31.0 110 1 3.7 8


Debris slide 128 63 3 63.3 900 5 41.4 200 1 3.7 20


Deep-seated 7 50 5 48.1 207 24 70.3 123 1 3.6 6


Other 2 53 10 27.5 45 38 39.0 40 4 4.0 4


Yes Debris avalanche 22 68 15 118.2 340 20 91.7 280 2 7.3 20


Debris flow 374 68 7 127.5 3170 5 45.7 300 1 6.0 120


Debris slide 520 78 2 60.7 1824 8 53.4 600 1 4.8 50


Deep-seated 3 57 60 120.0 150 100 150.0 200 8 16.0 20


Other 5 84 5 27.0 80 30 92.0 160 2 3.8 5


 Hillslope road


No Debris avalanche 8 72 20 71.8 180 15 73.8 200 2 6.5 22


Debris flow 27 76 10 78.0 660 11 37.1 90 1 4.7 12


Debris slide 85 75 3 39.1 130 8 40.0 250 1 4.1 12


Deep-seated 3 48 25 46.0 80 80 96.7 120 4 8.0 12


Other 6 100 12 58.5 200 10 63.2 150 1 3.7 10


Yes Debris avalanche 5 73 25 76.4 159 60 297.8 730 3 12.2 20


Debris flow 73 73 12 85.2 550 7 61.0 210 1 9.9 40


Debris slide 68 74 12 63.8 230 12 63.5 600 1 5.9 25


Deep-seated 1 35 21 21.0 21 42 42.0 42 5 5.0 5


Other 1 73 34 34.0 34 10 10.0 10 4 4.0 4


 Stream-crossing road


No Debris avalanche 1 50 85 85 85 30 30 30 5 5 5


Debris flow 3 63 15 101 180 24 31.7 36 3 5 6


Debris slide 4 59 39 61.5 93 27 31.5 39 4 11 15


Yes Dam break flood 3 31 36 86.3 123 50 62.7 81 20 30.3 46


Debris flow 34 62 20 104.9 1100 10 45.6 105 2 11.8 30


Debris slide 20 62 10 41.3 196 15 41.65 120 2 9.5 30


Deep-seated 1 25 63 63 63 69 69 69 8 8 8


Other 1 90 15 15 15 54 54 54 5 5 5


Notes: Field crews failed to record a landslide process for 21 landslides (16 of which were determined to have delivered to public resources), so 
those are not incorporated into the count. Surveyed deep-seated landslides were those that appeared to be new initiations, not previously existing 
features.
*Field estimate of natural hillslope gradient at initiation site.               †Average depth of the landslide scarp used to calculate initial failure volume.


Table 5-4: Landslide initiation dimensions and slope gradients as a function of event location and delivery status.
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Delivery


 No  Yes Percentage 
of initial 


sediment 
volume that 


deliveredEvent 
Location  Landslide process


Count


Mean 
Initial 


Volume Count


Mean 
Initial 


Volume


(N) (yd3) (N) (yd3)


Hillslope    
(No road) Debris avalanche 16 746 22 5891 71%


 “ Debris flow 38 398 374 4724 101%


 “ Debris slide 128 576 520 2081 60%


 “ Deep-seated 7 978 3 13556 4%


 “ Other 2 156 5 249 71%


Hillslope road Debris avalanche 8 4230 5 8369 92%


 “ Debris flow 27 659 73 4815 117%


 “ Debris slide 85 315 68 1219 115%


 “ Deep-seated 3 1450 1 163 5%


 “ Other 6 1926 1 50 66%


Stream-
crossing road Dam break flood 0 — 3 7526 215%


Debris avalanche 1 472 0 — —
 “ Debris flow 3 548 34 3667 90%


 “ Debris slide 4 770 20 861 103%


 “ Deep-seated 0 — 1 1288 100%


 “ Other 0 — 1 150 32%


Notes: Field crews failed to record landslide process for 21 landslides so those are not incorporated into the table. Surveyed deep-seated 
landslides were those that appeared to be new initiations, not previously existing features.


Table 5-5: Landslide count and initial failure volume by whether it delivered to a public resource, and proportion 


of initial sediment volume that delivered to public resources.


The most common landslide process across the study area was debris slide, followed by debris flow. 
These two processes accounted for 96.3% of the landslides that delivered to public resources. De-
bris flows, which account for only 42% of delivering landslides, are estimated to have delivered 2.3 
million out of a total of 3.2 million cubic yards (71%) of sediment to public resources in the study 
area.18 Debris avalanches, debris flows, and debris slides that delivered to public resources tended to 
be larger than those that did not deliver. This is not surprising because runout distance increases with 
the size of a landslide (Rickenmann, 1999), and large landslides which travel further are more likely 
to ultimately intersect a stream or other public resource.


18 As a point of comparison, the total initial failure volume for landslides that delivered to public resources, excluding 
deep-seated and dam break floods, was 3.6 million cubic yards.
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The percentage of initial sediment volume that delivered to public resources was related to landslide 
type in predictable ways as well. Debris avalanches are shallow flows that, by definition, lack confine-
ment. Without confinement, sediment splays over the hillside, thereby dissipating momentum and 
reducing the volume of sediment delivered to the channel downstream. In contrast, the data pro-
vided by the field crews indicates that channelized dam break floods and debris flows delivered more 
than the initial volume. As debris flows move through the first and second-order channel network, 
they can significantly increase in volume through scour of the channel bed (Benda and Cundy, 
1990). Since debris flows grow as they move through the channel network, total volume of sediment 
delivered to the low gradient channel network is larger than the initial volume and may be strongly 
correlated with runout distance (May, 2002). The relatively small volumes attributed to debris flows 
may be a function of the topography of the Willapa Hills, where hillslope length rarely exceeds 1,000 
feet resulting in short scour paths to low gradient, relatively unconfined channels where deposition 
occurs.
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Metrics
Active 
road


Inactive 
road


Harvest
< 20 
y.o.*


Harvest 
> 20 
y.o.* Roads Hillslope


Count of delivering landslides 164 44 422 446 208 868


Sediment delivered (million yd3) 14.6 4.9 15.1 51.2 19.5 66.3


Study area (mi2)* 5.0 0.8 36.2 41.5 5.8 77.7


Landslide density (#/mi2) 32.7 52.9 11.7 10.8 35.6 11.2


Delivered sediment (tons/acre) 284 577 41 121 326 83
Note: Active roads include Standard, Substandard, and Mitigated; Inactive roads includes Orphaned and Abandoned; Harvest less than 20 y.o. 
includes Full Buffer, Partial Buffer, and No Buffer; and Harvest > 20 y.o. includes Submature and Mature treatments.


Table 5-6: Core area analysis of landslide density and sediment yield for landslides that delivered to public resourc-


es.


5.3 Landslide density and sediment yield per unit area
The delivering road landslide density for active roads in core areas was 32.7 landslides per square mile 
of road corridor, compared with 11.2 delivering landslides per square mile for managed forests (Table 
5-9). This is equivalent to a landslide density ratio of approximately 3:1 between road corridors and 
managed forest, and is significantly smaller than the order of magnitude difference reported in most 
studies (Sidle and Ochai, 2006). Although roads have higher landslide density per affected area than 
managed forests, the majority of landslides that delivered to streams (81%) were not from roads. This 
is because road corridors occupy a much smaller proportion of the landscape in the study area than 
managed forests (7% and 93% respectively).


Landslide density varies spatially as a function of rainfall intensity, topography, and other factors 
affecting landslide occurrence. Figure 5-3 shows the distribution of landslide densities in core areas 
for roads and hillslopes, respectively. We see that the distribution is not uniform for either, but that 
road landslide density is more variable than hillslope landslide density. With road landslides, densi-
ties range from zero to142 delivering landslides per sq. mile and four of the blocks have much higher 
landslide densities than the rest. By contrast, the distribution of landslide density on hillslopes has 
a smaller range and increases fairly linearly from 1.1 to 22.9 delivering landslides per square mile. 
As illustrated by the bar chart shown in Figure 5-4, the blocks that exhibited the highest density of 
hillslope landslides also had a high density of road landslides, though the range of road landslide den-
sities was more extreme.


For analyses other than the core area analysis, harvest unit areas include road areas and it is assumed 
that this has a negligible effect on estimated densities. As shown in Table 5-10, the area occupied by 
roads is relatively small and there is a similar road density among the harvest treatments.
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Figure 5-3: Cumulative distribution of landslide area density by block (n=22) for landslides that delivered to pub-


lic resources as a function of whether the initiation point was associated with a road (top) or not (bottom).
Symbol labels indicate the random block associated with each density estimate.
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Figure 5-4: Core area landslide density (delivered) for road and hillslope landslides by block.
Block numbers have no particular significance outside of the random draw.
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Road treatment No Buffer Partial Buffer Full Buffer SubMature Mature


Not-road 92.7% 92.3% 92.1% 91.6% 95.5%


Substandard 0.61% 0.22% 0.55% 1.1% 0.10%


Orphaned 0.43% 0.59% 0.64% 0.74% 0.51%


Standard 0.14% 0.58% 0.25% 0.51% 0.72%


Mitigated 4.8% 5.6% 6.0% 4.1% 2.5%


Abandoned 1.3% 0.69% 0.48% 1.9% 0.74%


Total 100% 100% 100% 100% 100%


Table 5-7: Proportion of each harvest treatment occupied by road treatments in the core area.
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5.3.1. Relationship between landslide density and precipitation intensity
Landslides commonly occur in response to high-intensity rainstorms and/or snowmelt events that 
release large volumes of water over a period of days, particularly when relatively heavy rainfall has 
occurred during the preceding weeks (Campbell, 1975; Starkel, 1979; Caine, 1980; Dai and Lee; 
2001; Rahardjo et al., 2001; Jakob and Weatherly, 2003; Godt et al., 2006; Jakob et al., 2006; Cro-
sta and Frattini, 2008; He and Beighley, 2008; Tsai, 2008). Slope stability is substantially reduced 
when the soil moisture content is at or near saturation because of the added weight of water and the 
hydrostatic forces within the saturated soil mass reduce frictional resistance of particles to downslope 
movement (Iverson, 2000).


Figure 5-5 shows of the location of each sample block within the study area along with the total 
landslide count and density. These are shown against the backdrop of estimated 24-hour precipita-
tion intensity interpolated from rain gage stations.19 Precipitation data were measured at public and 
private weather stations in the study area vicinity that documented the central area of peak rainfall. 
The 24-hour values used are also reflective of differences in four-day storm totals, as precipitation 
totals for the two durations are closely correlated among stations (r2=0.84). The interpolated pre-
cipitation map is informed by 12 stations, five of which were within the study area. Although the 
spatial density of available precipitation monitoring stations is relatively good for unpopulated forest 
lands, interpolated rainfall amounts cannot be expected to precisely reflect the actual precipitation at 
individual sample blocks or experimental units within blocks. Despite this, they provide an estimate 
of the spatial variation in precipitation intensity within the study area.


As might be expected, blocks with the highest landslide densities are near the zones of highest esti-
mated precipitation, and landslide density is correlated with maximum daily precipitation (Figure 
5-6).20 The shape of precipitation isohyets (precipitation contour lines) are strongly influenced by 
the spatial distribution of the precipitation measurement stations, especially where strong gradients 
between stations exist (Minder et al., 2009). Based on observed landslide density, it is possible that 
the actual zone of maximum precipitation was located somewhat southeast of what is indicated by 
the mapped isohyets, and if so, the correlation coefficient would be greater.


19 Precipitation gage data for the 2007 storm event were obtained through the Office of the Washington State Cli-
matologist. http://www.climate.washington.edu/events/dec2007floods. Interpolation was performed using natural 
neighbor method in ArcGIS 9.3. The method finds the closest subset of input samples to a query point and applies 
weights to them based on proportionate areas in order to interpolate a value.


20 In the Post-Mortem study area, the required landslide density of approximately one per square mile as observed on 
aerial photos roughly coincided with four inches of precipitation in 24-hr as is apparent on Figure 5-5. For context, 
on the west coast of Vancouver Island, Jakob and Weatherly (2003) noted a significant increase in landslide rates 
when the 24-hr precipitation equals or exceeds 100 mm (approximately 4 inches).
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                  Colors denote landslide 


density while the number within each block indicates the landslide count. Precipitation contours are based on a 


nearest neighbor interpolation of gage station readings.


Figure 5-5: Landslide density and count using all landslides identified in the study.
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Figure 5-6: Landslide density based on all identified landslides as a function of estimated maximum daily precipi-


tation for the December 2007 storm event.
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5.4 Contributing factors
Field crews were asked to look for and identify site-scale management-related factors that may have 
contributed to landslide occurrence. These contributing factors did not include the basic forest prac-
tices activities that were used to define the treatments (road building or harvesting) because they were 
evaluated in the statistical analyses among treatments. Field crews were provided a list of possible 
site-scale management-related factors identified in the field manual (Phillips et al., 2008) and asked 
to identify whether each factor was present or absent at each landslide; and if present, whether the 
factor appeared to contribute to slope failure. Crew members were also able to identify ‘other’ fac-
tors that may have contributed to landslide occurrence. Management-related factors that crews were 
asked to look for included: 1) yarding corridors; 2) silvicultural activities including thinning and 
brushing; and 3) water diversions.


Field crews found no evidence of any of the listed management-related contributing factors at 717 
of the 919 hillslope landslides that delivered to public resources (Table 5-8). ‘Other’ was the most 
commonly cited factor and the majority of those (69 of 112) contained text entries which indicated 
that stream bank erosion was the contributing factor.21 Although an interesting observation, stream 


21 The majority (59 of the 69) of landslides for which stream bank erosion was cited as a contributing factor occurred 
as debris slides in inner gorges in the 21+ year treatments.
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Ditchout Silt-trap Water-bar
Pirated 
water


Cross-
drain


Outsloped 
road Count


Percent of 
total


No No No No No No 189 68%


No No No No No Yes 38 14%


No No No No Yes No 20 7%


No No No No Yes Yes 4 1%


No No No Yes No No 9 3%


No No No Yes No Yes 3 1%


No No No Yes Yes No 3 1%


No No No Yes Yes Yes 1 0%


No No Yes No No No 4 1%


No No Yes No No Yes 2 1%


No Yes No No Yes No 2 1%


Yes No No No No No 1 0%
Note: Field crews did not enter information related to triggers for four of the 280 non-stream-crossing road failures, so those four 
landslides are not included in this table.


Table 5-8: Hillslope road failure count (and percentage) by presence of factors involving road drainage.


bank erosion is not a management-related contributing factor, leaving only 14% of landslides hav-
ing documented contributing factors related to management. Yarding corridors were cited as likely 
contributing to the initiation of only two landslides. Silvicultural activities and water diversion were 
never cited as factors which were present and likely to have contributed to landslide occurrence. The 
WDNR observer variability team agreed with field crews for 97% of the landslides with respect to 
identification of the listed contributing factors (Miskovic and Powell, 2009).


Field crews were also asked to evaluate whether various types of road drainage contributed to land-
slide occurrence at hillslope road failures. Potential contributing factors included: 1) water contribu-
tions from ditchouts (e.g., water diversion from ditchline to hillslope); 2) the presence of a silt-trap 
or other water retaining feature on the fillslope or outer edge of a road; 3) water contributions from 
waterbars; 4) pirated water from nearby channels; 5) cross-drain culverts leading to the site; and 6) 
water focused by an outsloped road (Phillips et al., 2008). Crews were asked to enter yes or no as to 
whether each contributing factor was present. The responses were not limited to one factor per land-
slide. Table 5-9 shows the responses for road drainage contributing factors for hillslope road failures. 
The most common potential contributing road drainage factor was outsloping of the road (14%), 
followed by water diverted through cross-drain culverts (7%). Field crews identified no contributing 
factor at 68% of the hillslope road failures, which may suggest that the presence of over-steepened 
road fill itself, accounted for in the treatment definitions, is the most common road landslide con-
tributing factor.
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Failure description Count
Percent of 


total


Plugged pipe — fill edge collapse 20 32%


Plugged pipe — washout 14 22%


Plugged pipe — debris flow 9 14%


Fill edge collapse — no plugging 7 11%


Unknown 13 21%
Note: Field crews did not record failure type for four of the 67 stream-crossing road landslides, 
so those four are not included in this table.


Table 5-10: Stream-crossing road failure count and percentage by failure type.


For stream-crossing landslides, field crews were asked to identify the failure type from a list that in-
cluded: 1) plugged pipe followed by fill collapse as a debris slide which leaves some of the road prism 
intact; 2) a plugged pipe followed by ponding of water and fluvial erosion of the fill (i.e., washout); 
3) plugged pipe followed by debris flow initiation; or 4) collapse of the fill edge at the outlet with no 
evidence of a plugged pipe (Phillip et al., 2008).


Crews identified plugged pipes as contributing to 68% of the stream crossing failures and fill edge 
collapse without plugging in 11% of the failures. For 21% of the failures, the field crews could not 
determine the failure conditions (Table 5-10). This is partly because data collection occurred 8-11 
months after the storm event, such that evidence had been obscured by vegetation growth and some 
crossings had already been rebuilt.


Yarding Corridor Silviculture Water Diversion Other Count
Percent 
of total


Absent Absent Absent Absent 717 78.0%


Absent Absent Absent Other factor 112 12.2%


Absent Absent Present Absent 16 1.7%


Absent Absent Present Other factor 8 0.9%


Absent Not likely a factor Absent Absent 34 3.7%


Absent Not likely a factor Absent Other factor 4 0.4%


Absent Not likely a factor Present Absent 1 0.1%


Not likely a factor Absent Absent Absent 19 2.1%


Not likely a factor Absent Absent Other factor 2 0.2%


Not likely a factor Absent Present Other factor 1 0.1%


Not likely a factor Not likely a factor Absent Absent 3 0.3%


Likely a factor Absent Absent Absent 2 0.2%
Note; Field crews made no record for triggering mechanism at 19 delivering landslides so they are not incorporated in these totals.


Table 5-9: Landslide count and percentage by contributing factor for hillslope landslides that delivered to public 


resources.
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5.5 Landslides outside of rule-identified landforms
Because the study design anticipated that a portion of the landslides would occur outside RIL (Dieu 
et al., 2008), field crews determined whether each landslide initiated within or outside of a named 
RIL.22 The fraction of landslides in RIL illuminates how completely the existing RIL criteria describe 
terrain that fails and delivers, at least for the Post-Mortem study area. Of the 1135 delivering land-
slides (complete census), 45% occurred outside of a RIL, with delivering road landslides being more 
likely to have occurred outside of RIL (65% outside RIL) when compared with delivering hillslope 
landslides (41% outside of RIL)(Table 5-11).


Existing RIL consist predominantly of landforms that are located adjacent to streams (e.g., inner 
gorges) and channel heads (e.g,, bedrock hollows), and this makes it very likely that landslides initiat-
ing in a RIL will deliver to a stream. In the road network, where we have a complete sample, land-
slides that initiated outside of a RIL delivered 50% of the time, while those that initiated within a 
RIL delivered 94% of the time. We cannot perform that same analysis for hillslope landslides because 
an unknown number of non-delivering hillslope landslides were not inventoried (both within and 
outside of RIL).


The fact that an unknown number of non-delivering landslides were not inventoried also makes it 
impossible to determine the total percentage of hillslope landslides that occurred outside of RIL. 
When the incomplete sample of non-delivering landslides was added to the census of delivering 
landslides, 55% of the total occurred outside an RIL. This is likely to be an underestimate, however, 


22 Individual RIL were not mapped for this study because of problems associated with identifying RIL in older re-
growth, submature and mature timber; and because of the overall field effort that would have been required. Crews 
were asked to determine whether individual landslide initiation sites were located in terrain that met the definition 
for a named RIL.


Delivery


Hillslope
(No road) Hillslope road


Stream-
crossing road


Rule-identified landform No Yes No Yes No Yes


Null 152 380 124 93 8 41


Inner gorge 16 406 2 25 0 12


Bedrock hollow 17 105 3 18 0 4


Outer edge of meander bend 0 22 0 8 0 0


Convergent headwall 4 9 0 3 0 1


Toe of deep-seated landslide 3 6 0 1 0 1


Notes: Field crews failed to record RIL status, delivery status or event location for 16 landslides, so those are not incorporated into this 
table.


Table 5-11: Landslide count by type of rule-identified landform, whether it delivered to a public resource, and event 


location.
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Figure 5-7: Slope gradient (percent) at initiation site for hillslope landslides that delivered as a function of whether 


they initiated inside or outside of an RIL (n=547 and 380 respectively).
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because hillslope landslides outside of RIL are more likely to have been missed given their lower de-
livery potential. These data indicate that RIL are more useful in identifying landslide-prone terrain in 
harvest units and less applicable in predicting road failures. Also, the regulatory focus on landforms 
with effective routing mechanisms has benefits in limiting the amount of sediment reaching streams.


During the analysis, numerous hypotheses were explored to explain the 380 hillslope landslides that 
initiated outside of a RIL and delivered to public resources. Slope is a defining criterion for RIL and 
one of the first hypotheses proposed was that the field crews had misapplied the slope criteria when 
determining whether a RIL was present. As noted in Section 5.1, field crews measured the slope 
adjacent to the landslide as an approximation of the hillslope gradient before the landslide. As shown 
in Figure 5-7, slope measurements made by the field crews are generally consistent with their RIL 
determination based on the 70% slope criteria for inner gorges, bedrock hollows, and convergent 
headwalls; landforms which account for 94% of the landslides within a RIL that delivered. During 
the WDNR observer variability exercise, however, it was noted that the observer variability team 
recorded slopes that were on average 5% steeper than the field crews (Miskovic and Powell, 2009). If 
the field crews recorded slopes that were 5% less than the ‘actual slope,’ they could have inflated the 
percentage of landslides occurring outside of RIL by as much as 12%.23


23 As a result, we report the percentage of delivering hillslope landslides initiating outside of RIL with an estimated 
range of  29-41%.
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Other working hypotheses were applied in an attempt to explain the percentage of landslides outside 
of RIL as a function of precipitation, slope, or geology. A common hypothesis was that moderately 
unstable ground might fail at very high levels of precipitation and thus the percentage of landslides 
outside of RIL might be positively correlated with precipitation intensity above some threshold. Fig-
ure 5-8 shows the percentage of landslides originating outside of RIL as a function of estimated daily 
maximum precipitation for the storm. The data do not support the hypothesis that the proportion 
of landslides occurring outside of RIL is correlated with precipitation intensity.  In addition, we note 
no apparent correlation with landslide density (likely to be a better predictor of actual precipitation 
intensity than interpolated precipitation values) or average slope (Figure 5-8).


Finally, it was proposed that the percentage of landslides outside of RIL might be related to lithology. 
This was difficult to test because lithology is inherently confounded with precipitation intensity in 
this study. Study blocks in Crescent Formation Basalts for example, generally have the highest land-
slide densities, but they also received the greatest amounts of precipitation (Figure 5-9). Given the 
design, it is difficult to separate the effects of precipitation and lithology. However, no relationship 
between the percent age of landslides initiating outside of RIL and lithology was noted.
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Figure 5-8: Percentage of delivering hillslope landslides originating outside RIL for each block as a function of 


estimated maximum daily precipitation (top), landslide density (middle) and average DEM slope (bottom).
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Figure 5-9: Map showing the percentage of delivering hillslope landslides originating outside of rule-identified 


landforms for landslides that delivered to public resources (n=1135).
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5.6 Stand age at landslide initiation sites
The distribution of stand ages for harvest units and buffers across the study area was provided by 
landowners. A GIS analysis was completed to determine the stand age at landslide initiation sites. 
Figure 5-10 is a count histogram of delivering hillslope landslides as a function of stand age at the 
initiation site. Landslide counts by stand age class exhibit a bimodal distribution with peaks in the 
0-10 and 30-50 age brackets. The figure would appear to suggest a decreasing trend of landslide oc-
currence with increasing stand age from the 0-30 years (a hypothesis that is supported by published 
literature) and increased landsliding in the 30-55 year stand age. However, large landslide counts in a 
given stand age class might simply reflect a high abundance of that age class, as opposed to increased 
landslide occurrence. Essentially, the data presented in Figure 5-10 cannot be interpreted without 
additional analysis


Figure 5-11 shows the distribution of stand ages throughout the entire study area. By comparing 
Figure 5-10 to 5-11, it can be seen that the distribution of landslide counts by stand age generally 


Figure 5-11: Histogram showing the proportion of the Post-Mortem study area occupied by stands of different 


ages.


Figure 5-10: Histogram showing the number of hillslope landslides that delivered to public resources as a func-


tion of stand age at initiation point
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Figure 5-12: Histogram showing the relative density of landslides in different stand age categories.
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follows the distribution of ages across the study area. When we divide the number of landslides by 
the amount of area in each stand age category, we can display the proportional landslide density as a 
function of stand age and we see that stands between 30-50 years have the highest landslide density 
(Figure 5-12). The histogram shown in Figure 5-12 does not account for potential differences in 
topography, precipitation, management history, or any other factor likely to affect landslide occur-
rence; and given that current Forest Practices Rules require no-cut buffers on unstable slopes (e.g, 
RIL buffers), a higher landslide density for hillslopes with stand ages from 30-50 years should not be 
surprising.
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5.7 Landslides originating in buffers
Our initial analysis of landslide size among the less than 20 year old treatments (FB, PB, and NB) 
indicated that landslides initiating in buffers are smaller than those initiating outside of buffers, but 
additional analysis showed that this is was likely an artifact of the study’s focus on assessing land-
slides that delivered to streams. A multivariate mixed-model regression analysis shows that delivered 
volume is correlated with both initial volume and distance to stream, and that there is a significant 
interaction between delivery and initial volume. The analysis shows that initial and delivered volume 
decreases with increasing distance to stream, such that landslides initiating far from the stream (i.e., 
more likely to be outside of a buffer) have to be proportionately larger in order to deliver. 


When the analysis is restricted to delivered volume for all landslides in the Partial Buffer treatment, 
the only treatment to contain buffered and unbuffered RIL, and the data are analyzed as a function 
of buffer presence at initiation point (left side of Figure 5-13), the results indicate that landslides 
in buffers are significantly smaller than those initiating outside of buffers. But, when the analysis is 
further restricted to landslides that initiated from within buffered (n=84) and unbuffered (n=38) RIL 
we find no difference in the size of landslides as a function of buffer presence (right side of Figure 
5-13).24 As a result, we interpret the significant differences in delivery volume shown on the left side 


24 We restrict the analysis to landslides initiating in RIL because RIL are defined in part by their high potential for 


delivery.


Figure 5-13: Barplot of average delivered sediment volumes as a function of buffer presence at initiation site for all 


delivering shallow-rapid landslides from the PB treatment.  
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                                              The left plot includes all shallow-rapid landslides from 


PB that delivered, while the right side is restricted to landslides that initiated within RIL. Confidence intervals on 


90% based on the inverse of a log-linked glm. The significant difference in volume shown in the left graph is the 


result of landslides that initiated outside of buffers (small landslides outside of buffers have a lower probability of 


delivery and therefore a lower probability of being counted).
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Figure 5-14: Barplot of count and proportion of large woody debris (LWD) delivery as a function of buffer pres-


ence.


of Figure 5-13 as potentially being an artifact of unequal sampling in which small landslides outside 
of buffers were not counted. While it may be true that buffers composed of mature trees can reduce 
the size of landslides, this descriptive analysis which does not account for the effects of precipitation 
or other factors that vary across blocks, cannot be used to support this argument. 


Landslides provide an important transport mechanism for delivering large wood to stream channels 
where it serves as an important component of aquatic habitat (Bilby and Bisson, 1998; Bigelow et 
al., 2007). To evaluate whether buffers affected the proportion of landslides that delivered large wood 
to channels, the subset of delivering landslides was selected for analysis.25 These data are plotted as a 
function of buffer presence and large woody debris (LWD) delivery in Figure 5-14.


A nominal logistic regression that incorporated LWD delivery as a dependent variable and initial vol-
ume, gradient and buffer presence as significant predictor variables, indicated that there was a differ-
ence in LWD delivery by buffer presence and that the effect of gradient was crossed with buffer pres-
ence. Factor profiling revealed that landslides delivering LWD was significantly greater for landslides 
originating in buffers (p<0.001) and that there was a small additional increase in the probability of 
LWD delivery with increased landslide size (no gradient effect). For landslides that initiated outside 
of a buffer, the probability of LWD delivery increased with landslide initiation size and decreased 
with increasing gradient.


25 Data were limited to delivering landslides in treatments expected to have unstable slope buffers (PB and FB) where 
buffer presence was specified from field observations. The analysis was further restricted to debris avalanches, debris 
flows, and debris slides which account for 96% of all delivering landslides. There were 268 landslides that met the 
listed criteria, 53% of which originated in a buffer and 47% that did not.
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5.8 Treatments
As discussed in Section 2.2, every road segment and harvest unit or forest stand in the study area was 
assigned to one of five road or harvest treatments based on the characteristics of the experimental 
unit. For each treatment, the number and size of landslides were normalized by area of the treat-
ment.26 The data were organized in a one-way layout and the differential landslide response among 
treatments was used for evaluating Forest Practices Rule effectiveness.


5.8.1. Harvest treatments
There were 938 delivering hillslope landslides in the five harvest treatments. All five treatments con-
tained landslides, though the number of landslides was not directly proportional to the area sampled 
(Figure 5-15). Density is better than count for making comparisons among groups with unequal 
sampling intensity or sample area. Hillslope landslide density (landslides per square mile) for deliver-
ing landslides varied greatly by block (Figure 5-16), most likely as a result of differences in precipita-
tion intensity and perhaps influenced by other factors (Figure 5-3, Figure 5-5). Treatment landslide 
densities varied less than block densities (Figure 5-17) with the Mature, Submature, and Full Buffer 
treatments exhibiting lower mean densities for delivering landslides than either the Partial Buffer or 
No Buffer treatments (Table 5-12 and Figure 5-18).


Field crews estimated two different landslide volumes for each landslide in each treatment: 1) a vol-
ume based on initial failure site dimensions; and 2) the volume of sediment that delivered to public 
resources. Both volumes were summed over the treatments within blocks and then converted to mass 


26 Treatments are pooled at the scale of blocks so that there is effectively one treatment per block.


Figure 5-15: Pie charts of total land area (left) and count of landslides that delivered to public resources (right) for 


each harvest treatment.
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Figure 5-16: Landslide density and count for hillslope landslides that delivered to public resources.


Colors denote density, and the numbers within each block are landslide counts. Precipitation contours are based 


on a nearest neighbor interpolation of gage station readings.
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Treatment n*
Mean density 


(slides / sq. mi.)
Std.
Dev. Min. Median Max. CV


No Buffer 20 13.1 12.9 0 9.4 50.0 1.0


Partial Buffer 21 16.7 13.8 0 13.2 48.9 0.8


Full Buffer 22 8.2 10.0 0 2.2 30.5 1.2


Submature 21 8.9 9.4 0 6.7 29.1 1.1


Mature 22 7.8 6.5 0 6.0 19.1 0.8
Note: Statistics are calculated at the block scale.
*Although every effort was made to create a balanced dataset, treatments are missing from some blocks.


Table 5-12: Statistics for harvest treatment landslide density.
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Figure 5-17: Cell means plot for delivering hillslope landslide density (one cell for each treatment within each 


block). Short horizontal lines indicate the mean for each treatment (n=5) and block (n=20-22) with the grand 


mean (10.3 landslides per square mile) indicated by the dashed line.
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Figure 5-18: Box and whisker plot of landslide density for delivering hillslope landslides by treatment.
Treatments are arranged by the predicted landslide density in the Post-Mortem Study Design (highest predicted to 


lowest predicted). The box outlines the upper and lower quartiles of observations (25th and 75th percentiles). The 


red line within the box indicates the median value and the green line extending through the box indicates the mean 


value for each treatment. The grand mean is shown with a gray dashed line. Cell values are shown with dots.
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density (tons per acre) for reporting purposes.27 Table 5-13 and Figure 5-19 show total initial land-
slide mass density by block for landslides that delivered to public resources. Initial sediment yields 
were heavily skewed, with means greater than median and coefficients of variation (i.e., ratio of stan-
dard deviation to the mean) greater than one for all treatments. On average, the No Buffer treatment 
had the greatest initial sediment yield and Full Buffer had the smallest.


Estimates of the total amount of sediment that delivered into the channel network (per unit area) 
are presented in Table 5-14 and Figure 5-20. Median delivered yields are very similar to initial yields 
and delivered yields have similarly high coefficients of variation, but the quantity of sediment that 
delivered was generally estimated to be less than the quantity of sediment in the initial failure. On 
average, the No Buffer treatment had the greatest delivered sediment volume and Full Buffer had the 
smallest.


With respect to landslide occurrence, stand age is an important characteristic because numerous 
field-based landslide studies have identified a link between stand age, or time since harvest, and 


27 A constant bulk density was used so that tons per acre is proportionally equivalent to volume per unit area.
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Treatment n


Mean initial 
sediment yield  
(tons per acre)*


Std.
Dev. Min. Median Max. CV


No Buffer 20 120 313 0 32 1425 2.6


Partial Buffer 21 63 89 0 21 295 1.4


Full Buffer 22 31 54 0 4 203 1.7


Submature 21 53 127 0 2 531 2.4


Mature 22 57 199 0 7 943 3.5
Note: Statistics calculated at the block scale/
*Based on estimates of initial landslide volume for landslides that delivered to stream channels.


Table 5-13: Statistics for initial sediment yield from hillslope landslides that delivered to public resources.


Figure 5-19: Boxplot of initial sediment yields within blocks by harvest treatment.


Treatment n


Average yield 
delivered*    


(tons per acre)
Std.
Dev. Min. Median Max. CV


No Buffer 20 66 155 0 22 703 2.3


Partial Buffer 21 55 85 0 26 356 1.5


Full Buffer 22 16 29 0 3 120 1.7


Submature 21 60 126 0 2 440 2.1


Mature 22 61 173 0 5 754 2.8
Note: Statistics calculated as the sum at the block scale.
*Shallow rapid defined as debris avalanches, debris slides, and debris flows.


Table 5-14: Statistics for delivered sediment from shallow rapid hillslope landslides that delivered to public re-


sources.
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Table 5-15: Statistics for area-weighted stand age with and without areas of forest buffer.


Area-weighted
stand age with buffer


Area-weighted stand age 
excluding buffers*


Treatment n Min Mean Max. Min. Mean Max


No Buffer 20 7.9 13.8 18.4 5.2 12.7 18.4


Partial Buffer 21 7.6 11.9 20.3 1.8 5.8 18.0


Full Buffer 22 5.3 11.3 22.7 0.7 3.3 11.1


Submature 21 22.8 31.0 36.8 22.8 31.0 36.8


Mature 22 41.5 52.8 75.0 41.5 52.8 75.0
Note: Statistics are calculated at the block scale.
*Approximately equal to time since harvest.


Figure 5-20: Boxplot of total delivered sediment yield by harvest treatment.


landslide response. As discussed in Section 5.6, stand age data were obtained from landowners for 
the entire study area. Table 5-15 and Figure 5-21 show the range of area weighted mean stand ages 
for each block and treatment, with and without the area occupied by buffers. The data show that Full 
Buffer units are the youngest on average, and that buffers composed of older standing timber greatly 
inflate the mean age for the 0-20 year old treatments. Based on Sidle (1991, 1992) estimates of root 
strength and Imaizumi’s estimates of landslide occurrence as a function of time since harvest (e.g., 
stand age excluding buffers), one might expect Full Buffer to have the highest landslide rates if buf-
fers had no affect on landslide occurrence (see Figure 2.1).


Hillslope gradient is also clearly related to landsliding because, as slope increases, the down-slope 
component of gravitational force also increases and landslides become more likely. Field reports 
indicated that there were potential differences in slope gradients associated with different harvest 
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Figure 5-21: Box and whisker plots of area-weighted stand age by treatment and block with (top) and without buf-


fers.         The lower plot reflects time since harvest by block for each treatment. Buffers inflate area-weighted values for 


PB and FB because, even though they occupy a small area, the age of the buffer trees is much greater than the rest 


of the unit, while the inclusion of buffer tree ages (including riparian) has very little affect on the other treatments.
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Table 5-16: Statistics for average slope gradient by treatment and block.


Treatment n


Mean 
Gradient 


(%)
Std.
Dev. Min. Median Max. CV


No Buffer 20 35 14 21 31 72 0.39


Partial Buffer 21 34 8 18 33 55 0.24


Full Buffer 22 27 7 18 25 44 0.27


Submature 21 34 14 13 30 62 0.41


Mature 22 33 10 15 33 51 0.30
Note: Statistics are calculated at the block scale.


M 41+


SM 21-40


FB 0-20


PB 0-20


NB 0-20


20 30 40 50 60 70


Average percent slope


Figure 5-22: Box and whisker plot of average percent slope as calculated in a 10m DEM by treatment and block.


treatments; in particular, harvest units without RIL that were divided between No Buffer and Full 
Buffer treatments appear to have lower slope gradients. Table 5-16 and Figure 5-22 show the range 
of mean slope calculated from a 10-meter DEM for each treatment and block. The data indicate that 
the Full Buffer treatment (including buffers) is associated with lower gradient slopes than any of the 
other four treatments, which have very similar mean slope values. It is therefore possible that differ-
ences in gradient help explain differences in the landslide response among treatments. As noted in 
Section 3.4, the Partial Buffer treatment is the only treatment that each harvest unit must, by defini-
tion, contain RIL. While it is possible that this could result in the Partial Buffer treatment containing 
more RIL and a higher inherent risk of failure (discussed further in Section 7.3.2), the finding that 
the mean and median slope gradient is similar among the treatments (other than FB) suggest that 
this is not the case.
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5.8.2. Landslides and landforms in the Partial Buffer treatment
When the study design was developed, it was assumed that Partial Buffer harvest units would be 
encountered infrequently because the treatment is not consistent with either the most common pre-
FFR (i.e., no buffers on RIL) or post-FFR Forest Practices Rules (i.e., buffers on all RIL). During 
implementation of the study, it became apparent that the number of harvest units classified as Partial 
Buffer was greater than anticipated. Results indicated that 50% of the area that was harvested since 
2001 (i.e., subject to current Forest Practices Rules) was classified as Partial Buffer, while 45% was 
classified as Full Buffer, and 5% was classified as No buffer. An early hypothesis was that the large 
amount of area in the Partial Buffer treatment was associated with harvest units in which unstable 
slopes were harvested because they had no potential to deliver to public resources. However, 46 of 
the 64 landslides that initiated on RIL in the Partial Buffer treatment from harvest units that were 
harvested since 2001 did deliver.


Because this result was likely to raise questions about the nature of the Partial Buffer treatment, a fol-
low-up office review was conducted to characterize the harvest landforms in the Partial Buffer treat-
ment. Eighty percent of the mainstem inner gorges were fully buffered, small sideslope inner gorges 
were fully buffered in 35% of the observations, and bedrock hollows were fully buffered only 21% of 
the time. Partial buffering instead of full buffering commonly occurred for both types of inner gorges 
where full buffering did not occur; partial buffering of bedrock hollows was not common. Approxi-
mately 60% of the area of RIL in the Partial Buffer treatment was buffered and 40% was unbuffered. 
Full results of that analysis may be found in Appendix A.4.
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5.8.3. Road treatments
There were 208 delivering landslides identified as Hillslope Road or Stream Crossing Road by the 
field crew in 555 miles of road in 6.3 square miles of road corridor. Standard roads were the most 
common road group, representing 60% of the surveyed road length (Figure 5-23). Substandard roads 
were the next most common (16%) followed by Mitigated (10%). Orphaned roads were the least 
common, but they had a relatively high number of landslides.


Orphaned roads had the highest landslide density with 0.67 landslides per mile of road, while Aban-
doned roads had the lowest density (0.18, Figure 5-23). It is worth noting that the median (50%) 
landslide density was zero for all but one treatment (Table 5-17 and Figure 5-24). This means that 
for a given treatment, there were no sediment-delivering road-related landslides in at least half of 
the blocks. In fact, four blocks accounted for 70% of the road-related landslides that delivered to 
streams, and more than half of the blocks (59%) had fewer than four road-related delivering land-
slides (Figure 5-25). As a result, variability in the mean road landslide density is not only greater for 
blocks than among treatments, but the densities among treatments are predominately a function of 
the many landslides in a relatively small proportion of the study area (Figure 5-26).


Road landslide sediment yields (tons per acre) mimic the landslide count data in that they are highly 
skewed toward zero, with scattered higher values for both initial (Table 5-18, Figure 5-27) and 
delivered volumes (Table 5-19, Figure 5-28), but delivered volumes do appear to be slightly more 
variable.


Figure 5-23: Pie charts of road length (left) and count of landslides that delivered to public resources (right) for 


each road treatment.
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Treatment N
Mean density 


(slides / sq. mi.)*
Std.
Dev. Min. Median Max. CV


Substandard 22 27.4 46.3 0 0 184 1.7


Orphaned 18 57.3 127 0 0 533 2.2


Standard 22 25.7 38.5 0 6.8 124 1.5


Mitigated 22 27.5 55.0 0 0 189 2.0


Abandoned 20 16.1 40.2 0 0 134 2.5
Note: Statistics are calculated at the block scale.
*Road corridor width assumed to be 60 feet for the purpose of calculating road area.


Table 5-17: Statistics for road landslide area density for delivering landslides.


Figure 5-24: Box and whisker plot of road landslide area density by treatment.          Block densities are right skewed, 


with medians of zero for all but the standard road treatment.
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Figure 5-25: Road landslide density and count for landslides that delivered to public resources.


Colors denote density, and the numbers within each block are landslide counts combined among all treatments. 


Precipitation contours are based on a nearest neighbor interpolation of gage station readings.
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Figure 5-26: Cell means plot for delivering road landslide density (one cell for each treatment within each block).


Short horizontal lines indicate the mean for each treatment (n=5) and block (n=18-22) with the grand mean (30 


landslides per square mile) indicated by the dashed line.
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Treatment N


Mean initial 
sediment yield  
(tons per acre)* Std.Dev Min. Median Max. CV


Substandard 22 155 338 0 0 1207 2.2


Orphaned 18 540 1696 0 0 7029 3.1


Standard 22 198 438 0 4.0 1625 2.2


Mitigated 22 499 1814 0 0 8536 3.6


Abandoned 20 146 358 0 0 1039 2.4
Note: Statistics are calculated at the block scale.
*oad corridor width assumed to be 60 feet for the purpose of calculating road area.


Table 5-18: Statistics for initial sediment yield from road landslides that delivered to public resources.


Figure 5-27: Boxplot of total initial sediment yield by road treatment (summarized at the block-level).
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Treatment N


Mean delivered 
sediment yield  
(tons per acre)* Std.Dev Min. Median Max. CV


Substandard 22 212 534 0 0 2155 2.5


Orphaned 18 633 1720 0 0 7029 2.7


Standard 22 177 395 0 4.1 1471 2.2


Mitigated 22 599 2328 0 0 10955 3.9


Abandoned 20 178 515 0 0 2121 2.9
Note: Statistics are calculated at the block scale.
* Road corridor width assumed to be 60 feet for the purpose of calculating road area.


Table 5-19: Statistics for delivered sediment from road landslides that delivered to public resources.


Figure 5-28: Boxplot of total delivered sediment yield by road treatment (summarized at the block-level).
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Section 6: StatiStical compariSon of treatmentS


This section contains the results that incorporate statistical analyses. Within the context of adaptive 
management, statistical tests are used to help identify small but potentially important differences 
among treatments, and to distinguish patterns of correlation from background variation and sample 
error (Sit and Taylor, 1998).


This study utilizes a randomized complete block design with five treatments in a one-way layout. The 
blocks (~4 sq. mile sample areas) were randomly selected from commercial forest lands in western 
Washington that had a landslide density of at least one landslide per square mile. Experimental units 
within blocks and treatments are pooled so that there is effectively one of each treatment type per 
block.


6.1 Harvest treatment landslide counts
Harvest treatment landslide counts were restricted to those landslides that delivered to public re-
sources, for which we have a complete count. Area was included as a offset so results represent land-
slide densities. Data were considered to be Poisson distributed and block was treated as a random 
factor.


6.1.1. Competing models
Blocking accounts for factors that are likely to be similar within blocks (e.g., precipitation, geology, 
large scale topography); however, analyses that include covariates have the potential to increase the 
power and precision of regression estimates by incorporating auxiliary variables that are likely to vary 
within blocks and for which variability is reasonably well know (e.g., topography, stand age). A num-
ber of auxiliary variables that could serve as covariates in the analysis were identified for stand age 
and topography. The stand age auxiliary variable data were provided by landowners and the primary 
data source for topographic variables was the 10-meter DEM for western Washington.28


When multiple correlated auxiliary variables are incorporated into a single model, the model may 
be affected by (multi) collinearity which has detrimental effects on estimated parameters (Quinn 
and Keough, 2002). To avoid problems associated with collinearity among auxiliary variables in this 
analysis, only one variable from each class, which was determined based on an Akaike Information 
Criterion (AIC) score, was included in the final model.


Stand age was evaluated as a potential covariate because, as discussed earlier, numerous studies have 
reported a negative relationship between landslide occurrence and stand age such that landslide 
density is generally less in older forests which are likely to have greater root strength and different 


28 The 10-meter DEM is currently the best widely available source of topographic information that encompasses the 
entire study area, and each of the topographic auxiliary variables are derived from it. The limitations of characteriz-
ing small landforms with 10-meter DEM topography are discussed in Section 3.4.
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hydrologic characteristics than relatively young forests. Models of delivering landslide density, as a 
function of block and stand age, also support this finding, regardless of which stand age metric is 
used. In linear models that include area-weighted stand age or unit age (e.g., time since harvest), the 
models indicate that landslide density generally decreases with increasing stand age. When treatment 
is added to the model, stand age (and unit age) stop being significant factors because of their collin-
earity with treatment.29 When competing models of stand age were compared, it appears that treat-
ment is a better predictor of landslide density than either of the age functions that were evaluated 
(Table 6-1). Although we cannot separate age and treatment effects in this study, AIC scores indicate 
that the treatment effect is more than a function of age alone.


Several different topographic terms were evaluated as potential covariates in response to questions 
about equal distribution of RIL and/or landslide hazard among treatments (within blocks). Auxiliary 
variables that were evaluated as covariates included mean slope, median slope, percentage of ground 
classified as high hazard in the WDNR SlpStab model, and percentage of ground with a slope above 
65%. Most RIL are defined by slopes greater than 70%, but 10-meter DEM slopes are asymptotically 
lower than the field measured slope for small steep features so 65% was used as a threshold. Based on 
AIC scores shown in Table 6-2, the final model included median gradient as a topographic covariate. 
Under the structure of the model, this covariate best accounts for differences in slope gradient among 
treatments within each block.


The final harvest landslide count model includes treatment and median gradient as fixed effects and 
block as a random effect.30 The model correlation coefficient indicated a good fit between actual and 
predicted landslide count (predicted vs. observed r2=0.95 with approximately normally distributed 
residuals) and the F-test for treatment and median gradient were significant (Table 6-3), so pairwise 
comparisons were conducted. When block is treated as a fixed effect, block is a significant factor and 


29 We present the results as though model comparison occurred as a result of adding model terms for the sake of 
simplicity, but the maximal model was reduced through single term deletions and in every case, reductions of the 
maximal model (which included treatment) resulted in the removal of explicit stand age terms.


30 As noted in Section 4.3, the GLIMMIX model also includes random blocks, ln(area) as an offset, and area as weight.


Age related factors k* log(L) AICc Rank


NULL model 3 -607.8 614.0


Treatment 7 -571.7 586.9 1


Stand age 4 -592.3 600.7 2


Unit age 4 -592.8 601.2 3
Note: Lower AIC values indicate better predictive models, as reflected by the rank values.
*Table values calculated with SAS GLIMMIX, which includes fixed effect classes in the model parameter count (k).


Table 6-1: Example AIC scores for models that include treatment and stand age.
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Topographic factors k* log(L) AICc Rank


NULL model 3 -607.8 614.0


Treatment 7 -571.7 586.9


Trt+ Median gradient 8 -553.7 571.2 1


Trt+ Mean gradient 8 -554.7 574.6 2


Trt+ Pct area > 65% 8 -558.7 576.2 3


Trt+ MedHigh SlpStab 8 -561.3 578.8 4


Trt+ High SlpStab 8 -566.3 583.8 5
Note; Lower AIC values indicate better predictive models, as reflected by the rank values
*Table values calculated with SAS GLIMMIX, which includes fixed effect classes in the model parameter count (k).


it explains more residual deviance than treatment or slope (respectively). Contrasts between each 
pair of treatments are contained in Table 6-4. Differences are in the natural log scale and significant 
Tukey-Kramer contrasts (at a=0.1) are marked with an asterisk.


Figure 6-1 shows mean landslide density, after accounting for the effect of block (e.g., precipitation) 
and topography with 90% confidence limits. Bars with the same letter above them are not signifi-
cantly different from one another at a=0.1. Bars that do not have the same letter are considered sig-
nificantly different from one another. Model results indicate that landslide densities in the No Buffer 
and Partial Buffer treatments were not significantly different from one another but were significantly 
higher than in the Mature treatment (56% and 93% increase respectively). Partial Buffer was also 
significantly higher than Full Buffer and Submature. Although landslide density values differed, No 
Buffer, Full Buffer and Submature were not significantly different from one another. Full Buffer and 
Submature densities were 15 % and 25 % higher than Mature respectively, but these differences were 
not statistically significant.


These results are based on an unbalanced dataset because changes made during QA/QC resulted in 
the loss of under-represented treatments from four blocks. Critical treatments are missing from two 
of the four blocks and no blocks have more than one under-represented treatment. Parameter esti-
mates from unbalanced datasets can be biased if the missing blocks have a large amount of leverage 
(i.e., large effect on the outcome). To avoid concerns that an analysis based on the full unbalanced 
dataset would yield inappropriate conclusions, a second analysis was conducted on a completely bal-


Table 6-2: Example AIC scores for models that include different auxiliary variables related to topographic landslide 


hazard.


Effect Num DF Den DF F Value Pr > F


Treatment 4 79 10.53 <.001


Slope 1 79 18.45 <.001
Note: Unbalanced GLMM with area is used as an offset and block is treated as a random effect.


Table 6-3: Type III tests of fixed effects on landslide density for all harvest treatments.
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Linear comparisons      
among treatments: Estimate* Std. Error t-value Pr(>|t|) Adj. P † Sig.§


NB 0-20 - PB 0-20 -0.2134 0.1297 -1.64 0.104 0.474


NB 0-20 - FB 0-20 0.3071 0.2150 1.43 0.157 0.486


NB 0-20 - SM 21-40 0.2220 0.1620 1.37 0.175 0.522


NB 0-20 - M 41+ 0.4439 0.1269 3.5 <.001 0.007 *


PB 0-20 - FB 0-20 0.5205 0.2033 2.56 0.012 0.088 *


PB 0-20 - SM 21-40 0.4354 0.1485 2.93 0.004 0.035 *


PB 0-20 - M 41+ 0.6572 0.1057 6.22 <.001 <.001 *


FB 0-20 - SM 21-40 -0.0851 0.2408 -0.35 0.725 0.789


FB 0-20 - M 41+ 0.1367 0.2079 0.66 0.513 0.789


SM 21-40 - M 41+ 0.2218 0.1345 1.65 0.103 0.471
* Linear difference estimates and standard errors are in log base e.
† P-values are adjusted using step-down Holm-Tukey method (p-values are conservative).
§ Asterisk denotes significance at a=0.1.


Table 6-4: Pairwise comparisons delivering hillslope landslide density incorporating all treatments and all blocks.


        The term ‘index’ is used to denote that landslide densities are normalized to the area-weighted slope to 


account for topographic differences within blocks. Treatments with different letters are significantly different from 


one another at a=0.1.


Figure 6-1: Barplot of delivering landslide density index with 90% confidence limits for all harvest treatments us-


ing all data.
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anced subset of the data containing only critical harvest treatments.31 This subset was analyzed using 
the same model as the full dataset with median slope as a covariate (predicted vs. observed r2=0.92). 
The fixed effect of treatment was significant (Table 6-5) so multiple comparisons tests were conduct-
ed (Table 6-6).


As with the full model, results of this analysis indicate that No Buffer has a significantly higher land-
slide density than Mature (65% increase). Although landslide density values differed, No Buffer and 
Full Buffer treatments were not significantly different from one another (Figure 6-2). Full Buffer was 
intermediate to No Buffer and Mature (17% more that Mature, 30% less than No Buffer) and the 
confidence interval for the difference in landslide density between it and the other two critical treat-
ments includes zero.


Table 6-7 shows the landslide density for both the balanced and unbalanced models, along with rela-
tive change versus the Mature treatment which is considered a baseline treatment in this study.


31 The critical harvest treatments are Full Buffer, No Buffer and Mature.  Blocks 2 & 36 were removed because they 
did not contain any area of the No Buffer treatment.


Table 6-5: Type III tests of fixed effects on landslide density for critical harvest 


landslide treatments.


Linear Hypotheses: Estimate* Std. Error t-value Pr(>|t|) Adj. P † Sig.§


NB 0-20 - FB 0-20 0.3437 0.2380 1.44 0.157 0.329


NB 0-20 - M 41+ 0.5004 0.1351 3.7 <.001 0.002 *


FB 0-20 - M 41+ 0.1567 0.2340 0.67 0.507 0.507
* Linear differences are calculated in base e.
† P-values are adjusted using the step-down Holm-Tukey method.
§ Asterisk denotes significance at a=0.1.


Effect Num DF Den DF F Value Pr > F


Treatment 2 37 6.9 0.003


Slope 1 37 14.64 <.001
Note: Balanced with respect to critical treatments. Blocks 2 & 36 dropped because they did not 
contain the No Buffer treatment. GLMM with area is used as an offset and block is treated as a 
random effect.


Table 6-6: Pairwise comparisons of landslide density for the critical harvest treatments.
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Figure 6-2: Barplot of delivering landslide density index with 90% confidence limits for critical harvest treatments 


based on a balanced design using data from 20 of the 22 blocks.


All treatments  (unbalanced) Critical treatments (balanced design)


Treatment
Density


(slides/mi2)
Sig.
Diff.*


Ratio vs. 
Mature


Density
(slides/mi2)


Sig.
Diff.*


Ratio vs. 
Mature


No Buffer (NB 0-20) 7.74 A,B 1.56 7.40 A 1.65


Partial Buffer (PB 0-20) 9.58 A 1.93


Full Buffer (FB 0-20) 5.69 B,C 1.15 5.25 A,B 1.17


Submature (SM 21-40) 6.20 B,C 1.25


Mature (M 41+) 4.96 C 1 4.49 B 1
Note: The all treatments analysis is based on an unbalanced dataset incorporating data from all 22 blocks. The critical treatments analysis is 
based on a balanced analysis with block 2 & 36 removed because No Buffer was not found in those blocks. Model estimates normalized by slope 
across all blocks and treatments used in the analysis.
*Treatments with different letters are significantly different based on a comparison of step-down Holm-Tukey adjusted p-values against a 
significance level of 0.1.


Table 6-7: Modeled landslide density index for hillslope landslides that delivered to public resources from an un-


balanced analysis of all treatments, and a balanced set of critical treatments.
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6.2 Sediment delivered from harvest treatment landslides
This analysis reports on the total amount of sediment delivered to public resources (per unit area).32 
Results are reported in terms of two different estimates of landslide size: 1) size based on the initial 
landslide volume (initial yield); and 2) size from field crew estimates of the volume that delivered 
to streams (delivered yield). Both volume estimates are incorporated into the results because field 
estimates of delivered volume are more subjective than initial volume and an observer variability test 
indicated that there was especially high variability in the estimation of delivered volume (Section 
5-1), but delivered sediment is what the Forest Practices Rules seek to minimize. The sediment deliv-
ery results are further limited to shallow rapid landslides that delivered to public resources.33


6.2.1. Initial yield
Initial sediment yields were heavily skewed, with means greater than median and coefficients of varia-
tion (i.e., ratio of standard deviation to the mean) greater than one for all treatments (Table 5-11 and 
Figure 5-18). The Box-Cox transformation was employed with l=0.14 and the resulting data were fit 
with a gaussian GLMM that incorporated treatment and median slope as fixed effects, and block as a 
random effect (predicted vs. observed transformed mass density r2=0.45). F-tests based on this model 
indicate that there are significant differences among treatments (Table 6-8), so multiple comparisons 
tests were conducted (Table 6-9). Comparison tests indicate that once the effects associated with 
block (e.g., precipitation) and slope were accounted for, the only treatment difference that is statisti-


32 Results are reported in terms of mass density (tons per acre) which is proportionately equivalent to total volume of 
sediment delivered per unit area.


33 Shallow rapid landslides are debris avalanches, debris flow, and debris slides. Together they account for 916 (97.7%)
of the 938 hillslope landslides that delivered to public resources.


Table 6-8: Type III tests of fixed effects on Box-Cox transformed initial sediment 


yield for all harvest treatments.


Effect Num DF Den DF F Value Pr > F


Treatment 4 79 3.15 0.019


Slope 1 79 7.7 0.007
Note: Box-Cox transformation based on l=0.14. Unbalanced GLMM with area is used as an offset 
and block is treated as a random effect.
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Figure 6-3: Modeled initial sediment yield for all harvest treatments.                    Transformed means (Box-Cox l=0.14) are 


shown with 90% confidence intervals from a gaussian mixed model that incorporates treatment and slope gradient 


as fixed effects, and block (e.g., precipitation) as a random effect. Treatments displaying different letters (above the 


graph) are statistically different at a=0.1
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Linear comparisons      
among treatments: Estimate* Std. Error t-value Pr(>|t|) Adj. P † Sig.§


NB 0-20 - PB 0-20 1.072 1.176 0.91 0.365 0.892


NB 0-20 - FB 0-20 2.734 1.213 2.26 0.027 0.171


NB 0-20 - SM 21-40 3.751 1.177 3.19 0.002 0.017 *


NB 0-20 - M 41+ 2.597 1.163 2.23 0.028 0.179


PB 0-20 - FB 0-20 1.662 1.191 1.40 0.167 0.632


PB 0-20 - SM 21-40 2.679 1.159 2.31 0.023 0.152


PB 0-20 - M 41+ 1.525 1.144 1.33 0.187 0.672


FB 0-20 - SM 21-40 1.017 1.183 0.86 0.392 0.911


FB 0-20 - M 41+ -0.138 1.161 -0.12 0.906 1


SM 21-40 - M 41+ -1.154 1.143 -1.01 0.316 0.850
* Linear difference estimates and standard errors calculated on Box-Cox transformed (l=0.14) mass density in tons per acre.
† P-values are adjusted using step-down Holm-Tukey method (p-values are conservative).
§ Asterisk denotes significance at a=0.1.


Table 6-9: Pairwise comparisons of transformed initial sediment yield for delivering landslides incorporating all 


harvest treatments and blocks.







	 Section	6:		Statistical	results	 |	 81


cally significant is the one between No Buffer and Submature (p=0.017), with No Buffer having the 
highest initial yield and Submature the smallest yield (Figure 6-3).


As with the hillslope landslide density analysis, a second analysis was conducted on a completely bal-
anced subset of the data containing only critical harvest treatments.34 This subset was analyzed using 
the same model as the full dataset with median slope as a covariate (predicted vs. observed r2=0.64). 
The fixed effect of treatment was significant (Table 6-10) so multiple comparisons tests were con-
ducted (Table 6-11).


The multiple comparisons test results using only critical treatments differs slightly from the results 
using all treatments (Figure 6-4). In the unbalanced design with all treatments and all blocks, the 
differences in initial yield between No Buffer, Full Buffer, and Mature are found not to be statisti-
cally significant at a=0.1; but in the balanced case, Full Buffer and Mature have statistically (a<0.05) 
smaller yields than No Buffer. As shown in Table 6-12, the magnitude of change between Full Buffer 
and Mature is similar in both cases, so the differences in statistical significance are most likely related 
to a small reduction in the error term of the critical treatments model and different Tukey-Kramer 
multiple comparisons adjustments of the p-value.


34 The critical harvest treatments are Full Buffer, No Buffer and Mature.  Blocks 2 & 36 were removed because they 
did not contain any area of the No Buffer treatment.


Linear Hypotheses: Estimate* Std. Error t-value Pr(>|t|) Adj. P † Sig.§


NB 0-20 - FB 0-20 3.048 1.082 2.82 0.008 0.021 *


NB 0-20 - M 41+ 2.485 1.008 2.47 0.018 0.047 *


FB 0-20 - M 41+ -0.563 1.049 -0.54 0.595 0.854
* Linear difference estimates and standard errors calculated on Box-Cox transformed (l=0.14) mass density in tons per acre.
† P-values are adjusted using the step-down Holm-Tukey method.
§ Asterisk denotes significance at a=0.1.


Table 6-10: Type III tests of fixed effects on Box-Cox transformed initial sediment yield for critical harvest treat-


ments.


Table 6-11: Pairwise comparisons of transformed initial sediment yield for critical harvest treatments.


Effect Num DF Den DF F Value Pr > F


Treatment 2 37 4.72 0.015


Slope 1 37 4.97 0.032
Note: Balanced with respect to critical treatments. Blocks 2 & 36 dropped because they did not 
contain the No Buffer treatment. Box-Cox transformation based on l=0.14. GLMM with area is 
used as an offset and block is treated as a random effect.
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                       Transformed means (Box-


Cox l=0.14) are shown with 90% confidence intervals from a gaussian mixed model that incorporates treatment 


and slope gradient as fixed effects, and block (e.g., precipitation) as a random effect. Treatments displaying differ-


ent letters (above the graph) are statistically different at a=0.1


All treatments  (unbalanced) Critical treatments (balanced design)


Treatment


Init. yield
 (tons per 


acre*)
Sig.
Diff.*


Ratio vs. 
Mature


Init. yield
(tons per 


acre*)
Sig.
Diff.*


Ratio vs. 
Mature


No Buffer (NB 0-20) 22.2 A 6.61 18.2 A 6.59


Partial Buffer (PB 0-20) 10.8 A,B 3.22


Full Buffer (FB 0-20) 3.0 A,B 0.89 1.7 B 0.60


Submature (SM 21-40) 1.2 B 0.36


Mature (M 41+) 3.4 A,B 1 2.8 B 1
Note: The all treatments analysis is based on an unbalanced dataset incorporating data from all 22 blocks. The critical treatments analysis is 
based on a balanced analysis with block 2 & 36 removed because No Buffer was not found in those blocks. Model estimates normalized by 
slope across all blocks and treatments used in the analysis. Index values have been back-transformed into the original scale using Box-Cox with 
l=0.14.
*Treatments with different letters are significantly different based on a comparison of step-down Holm-Tukey adjusted p-values against a 
significance level of 0.1.


Table 6-12: Modeled initial sediment yield index for hillslope landslides that delivered to public resources from the 


unbalanced dataset using all treatments and blocks and using only critical treatments in balanced design.


NB 0-20 FB 0-20 M 41+


In
iti


al
 s


ed
im


en
t y


ie
ld


 in
de


x
(B


ox
-C


ox
 tr


an
sf


or
m


ed
 y


ie
ld


 n
or


m
al


iz
ed


 b
y 


sl
op


e)


A B B


4


2


0


6


Figure 6-4: Modeled initial sediment yields for critical treatments in a balanced design.  
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6.2.2. Delivered sediment yield by block and treatment
Delivered sediment yields were generally smaller than initial yields (Table 5-12). Delivered yield 
exhibits the same distribution as initial yield (Figure 5-19) and the SAS Box-Cox method suggested 
l=0.13 for the normalizing transformation. Transformed data were fit with a gaussian GLMM that 
incorporated treatment and median slope as fixed effects, and block as a random effect (predicted 
vs. observed transformed mass density r2=0.51). F-tests based on this model indicate that there are 
significant differences among treatments (Table 6-13), so multiple comparisons tests were conducted 
(Table 6-14). The resulting model indicated that the only statistically significant difference among 
the treatments was between No Buffer and Submature treatment (p=0.085, Figure 6-5) which is con-
sistent with the finding based on initial volume when using all treatments in the unbalanced design.


Table 6-13: Type III tests of fixed effects on Box-Cox transformed delivered sediment yield for all treatments.


Effect Num DF Den DF F Value Pr > F


Treatment 4 79 2.14 0.083


Slope 1 79 13.82 <.001
Note: Box-Cox transformation based on l=0.13. Unbalanced GLMM with area is used as an offset 
and block is treated as a random effect.


Linear comparisons      
among treatments: Estimate* Std. Error t-value Pr(>|t|) Adj. P † Sig.§


NB 0-20 - PB 0-20 0.701 1.100 0.64 0.526 0.969


NB 0-20 - FB 0-20 2.118 1.138 1.86 0.066 0.347


NB 0-20 - SM 21-40 2.831 1.100 2.57 0.012 0.085 *


NB 0-20 - M 41+ 1.953 1.087 1.80 0.076 0.383


PB 0-20 - FB 0-20 1.417 1.117 1.27 0.208 0.711


PB 0-20 - SM 21-40 2.131 1.083 1.97 0.053 0.292


PB 0-20 - M 41+ 1.253 1.070 1.17 0.245 0.768


FB 0-20 - SM 21-40 0.714 1.108 0.64 0.522 0.967


FB 0-20 - M 41+ -0.164 1.088 -0.15 0.880 1


SM 21-40 - M 41+ -0.878 1.069 -0.82 0.414 0.923
* Linear difference estimates and standard errors calculated on Box-Cox transformed (l=0.13) mass density in tons per acre.
† P-values are adjusted using step-down Holm-Tukey method (p-values are conservative).
§ Asterisk denotes significance at a=0.1.


Table 6-14: Pairwise comparisons of transformed delivered sediment yield incorporating all harvest treatments and 


blocks.
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Figure 6-5: Modeled delivered sediment yields for all harvest treatments.             Transformed means (Box-Cox l=0.13) are 


shown with 90% confidence intervals from a gaussian mixed model that incorporates treatment and slope gradient 


as fixed effects, and block (e.g., precipitation) as a random effect. Treatments displaying different letters (above the 


graph) are statistically different at a=0.1


As with the other hillslope analyses, a second analysis was conducted on a completely balanced subset 
of the data containing only critical harvest treatments. This subset was analyzed using the same 
model as the full dataset with median slope as a covariate (predicted vs. observed transformed mass 
density r2=0.76). The fixed effect of treatment was significant (Table 6-15) so multiple comparisons 
tests were conducted (Table 6-16).


As with the initial yields, comparisons based on critical treatments in a balanced design provide 
slightly different results with regard to statistical significance (Figure 6-6). In the unbalanced design 
with all treatments and all blocks, the differences in initial yield between No Buffer, Full Buffer, and 
Mature are found not to be statistically significant at a=0.1; but in the balanced case, Full Buffer and 
Mature have statistically (a<0.05) smaller yields than No Buffer. As with initial yield, the magnitude 
of the difference in estimated sediment yield between Full Buffer and Mature is slightly less for the 
critical treatment analysis even though the critical treatment analysis is the one which the differ-
ences are statistically significant. This indicates that differences in the significance test are most likely 
related to a small reduction in the error term in the critical treatments model and less conservative 
Tukey-Kramer multiple comparisons adjustment of the p-value.
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Linear Hypotheses: Estimate* Std. Error t-value Pr(>|t|) Adj. P † Sig.§


NB 0-20 - FB 0-20 2.167 0.8996 2.41 0.021 0.054 *


NB 0-20 - M 41+ 1.827 0.8263 2.21 0.033 0.082 *


FB 0-20 - M 41+ -0.3395 0.8669 -0.39 0.698 0.919
* Linear difference estimates and standard errors calculated on Box-Cox transformed (l=0.13) mass density in tons per acre.
† P-values are adjusted using the step-down Holm-Tukey method.
§ Asterisk denotes significance at a=0.1.


Table 6-15: Type III tests of fixed effects on Box-Cox transformed delivered 


sediment yield for critical harvest treatments.


Table 6-16: Pairwise comparisons of transformed initial sediment yield for critical harvest treatments.


Effect Num DF Den DF F Value Pr > F


Treatment 2 37 3.58 0.038


Slope 1 37 13.3 <.001
Note: Balanced with respect to critical treatments. Blocks 2 & 36 dropped because they did not 
contain the No Buffer treatment. Box-Cox transformation based on l=0.13. GLMM with area is 
used as an offset and block is treated as a random effect.
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               Transformed means 


(Box-Cox l=0.13) are shown with 90% confidence intervals from a gaussian mixed model that incorporates treat-


ment and slope gradient as fixed effects, and block (e.g., precipitation) as a random effect. Treatments displaying 


different letters (above the graph) are statistically different at a=0.1


Figure 6-6: Modeled delivered sediment yields for critical treatments in a balanced design.  
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Table 6-17: Modeled delivered sediment yields for hillslope landslides that delivered to public resources from the 


unbalanced dataset using all treatments and blocks and using only critical treatments in balanced design.


All treatments  (unbalanced) Critical treatments (balanced design)


Treatment
Delivered 


(tons/acre)
Sig.
Diff.*


Ratio vs. 
Mature


Delivered 
(tons/acre)


Sig.
Diff.*


Ratio vs. 
Mature


No Buffer (NB 0-20) 11.6 A 4.70 8.7 A 4.48


Partial Buffer (PB 0-20) 6.9 A,B 2.80


Full Buffer (FB 0-20) 2.1 A,B 0.86 1.4 B 0.73


Submature (SM 21-40) 1.1 B 0.44


Mature (M 41+) 2.5 A,B 1 1.9 B 1
Note: The all treatments analysis is based on an unbalanced dataset incorporating data from all 22 blocks. The critical treatments analysis is 
based on a balanced analysis. Model estimates normalized by slope across all blocks and treatments used in the analysis. Index values have 
been back-transformed into the original scale using Box-Cox with l=0.13.
* Treatments with different letters are significantly different based on a comparison of step-down Holm-Tukey adjusted p-values against a 
significance level of 0.1.


6.3 Road landslide density
Road landslide counts did not meet the distribution assumptions of parametric statistical tests so dif-
ferences in road landslide density were evaluated with a non-parametric Friedman test. The Friedman 
test accounts for block effects but requires a completely balanced dataset. The study design (Dieu 
et al., 2008) allowed for missing road non-critical treatments, so Friedman tests were conducted on 
two different subsets of the data: 1) a set containing the three critical road treatments using all blocks 
(n=22); and 2) a set including the 17 blocks that contained all road treatments. Neither analysis 
detected differences in road landslide density among treatments that were statistically significant 
(p=0.48 and p=0.23 respectively).
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Friedman test Treatment
Sum of 
ranks Significance*


ChiSq 5.41 Standard 50 A


df 2 Substandard 44.5 A,B


p-Friedman 0.067 Mitigated 37.5 B


LSD 8.7


n 22
Note: This is the more powerful test for assessing differences among the critical treatments.
*Treatments with the same letter are not significantly different at a=0.1.


Table 6-18: Results from a non-parametric Friedman test on initial sediment yield for road landslides incorporat-


ing all treatments in a subset of blocks (top) and only critical treatments (bottom).


Friedman test Treatment
Sum of 
ranks Significance*


ChiSq 12.7 Standard 62.5 A


df 4 Substandard 57 A


p-Friedman 0.013 Orphaned 52.5 A,B


LSD 11.8 Mitigated 44.5 B,C


n 17 Abandoned 38.5 C
*Treatments with the same letter are not significantly different at a=0.1.


6.4 Sediment delivered from road treatment landslides
As with road landslide density, comparisons of sediment yield among treatments were conducted 
with two different subsets of the data: 1) critical treatments in all blocks; and 2) all treatments in the 
subset of blocks in which they were all found. The first set of comparisons is likely to be more power-
ful because it has a larger sample size, but the second set gives some indication about the relative 
ranking of all treatments. These analyses were conducted for both initial and delivered yield because 
initial yield is a less subjective estimate and an observer variability test indicated that there was espe-
cially high variability in the estimation of delivered volume (Section 5-1), but Forest Practices Rules 
focus on delivered yield.


When all treatments were evaluated together with only the subset of blocks, the Substandard initial 
sediment yield was significantly higher than Mitigated. In this analysis, the Abandoned treatment 
had significantly smaller initial yields than Standard, Substandard, or Orphaned roads (top of Table 
6-18).


Initial sediment yield results from the critical road treatments including all blocks indicated that the 
Standard treatment had a significantly higher initial sediment yield than the Mitigated treatment 
(bottom of Table 6-18), but Substandard, despite having intermediate initial yield values, was not 
significantly different from the Standard or Mitigated.
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Friedman test Treatment
Sum of 
ranks Significance*


ChiSq 3.14 Standard 47 A


df 2 Substandard 46.5 A


p-Friedman 0.208 Mitigated 38.5 A


LSD 8.9


n 22
Note: This is the more powerful test for assessing differences among the critical treatments.
*Treatments with the same letter are not significantly different at a=0.1.


Table 6-19: Results from a non-parametric Friedman test on delivered sediment for road landslides incorporating 


all treatments in a subset of blocks (top) and critical treatments (bottom).


Friedman test Treatment
Sum of 
ranks Significance*


ChiSq 8.55 Standard 58.5 A


df 4 Substandard 58 A


p-Friedman 0.073 Orphaned 52.5 A,B


LSD 12.3 Mitigated 45.5 B


n 17 Abandoned 40.5 B
*Treatments with the same letter are not significantly different at a=0.1.


Delivered sediment yield does not follow the same pattern as initial sediment yield. When all treat-
ments were evaluated together including only the subset of blocks, Standard and Substandard had 
a significantly higher delivered sediment yield than Mitigated and Abandoned while the Orphaned 
treatment was not statistically different from any of the other groups (top of Table 6-19). An analysis 
of the three critical road treatments (bottom of Table 6-19) using all blocks revealed no statistically 
significant differences in delivered volume.
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Section 7: diScuSSion


This chapter begins with responses to the five “critical questions” that the Post-Mortem Project was 
designed to answer (Dieu et al., 2008). Section 7.2 follows with a description of study limitations 
and a discussion of factors that are relevant to the interpretation of the study findings. Section 7.3 is 
focused on unexpected results with particular relevance to forest practices.


7.1 Responses to critical questions


Critical Question 1: “Are the Forest Practices Rules effective in reducing the num-
bers and volume of sediment delivered by management-induced landslides?”


Review of Forest Practices Rules for Reducing Landslides


As discussed in Section 1.2, the Forest Practices Rule methods for reducing landslide occurrence 
are embodied in Washington Administrative Code (WAC). WAC 222-16-050 requires that timber 
harvest or road building on RIL that have the potential to deliver sediment or debris to a public 
resource, receive additional State Environmental Policy Act (SEPA) review during permitting. If it 
is determined that a proposed activity is likely to have an adverse impact, WAC 222-10-030 re-
quires that specific mitigation measures be designed to avoid accelerating the rate or magnitude of 
mass wasting that could deliver sediment or debris to a public resource. The performance target for 
harvest-related landslides is “Virtually none triggered by new harvesting on high risk sites verified per 
Report criteria” (U.S.F.W.S. et al., 1999). ‘High risk sites verified per Report criteria’ are interpreted 
here to be the named RIL defined in WAC 222-16-050.


The Forest Practices Rule strategy for road stability is embodied in WAC 222-24-010. Forest Prac-
tices Applications that propose road construction on RIL undergo additional SEPA review just like 
proposals to harvest on RIL (WAC 222-16-050). For existing roads owned by large landowners, 
WAC 222-24-050 requires that they be improved and maintained to the standards of WAC 222-24-
052 or abandoned by July 1, 2016. Many of the road construction and maintenance rules in WAC 
222-24 are related to drainage ditches, culverts, fill compaction, sidecast, and other factors that influ-
ence landslide occurrence. The two Schedule L-1 performance targets are for a ‘favorable trend’ in 
landslide rates from ‘old’ (pre-2001 construction) roads and for “virtually no new landslides triggered 
by ‘new’ (post-2001 construction) roads.”


Effectiveness for hillslope landslides


This study attempted to test the effectiveness of the most common harvest strategy for reducing land-
slides, which is to leave forested areas, called buffers, on all RIL located within or adjacent to harvest 
areas. In part, because RIL buffers could not be distinguished from riparian or other buffers during 
treatment delineation, the study tested the combined effectiveness of all types of buffers at reducing 
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landslide initiation and sediment delivery. Although harvest within RIL can be performed following 
SEPA review in some cases, this study did not attempt to evaluate the effectiveness of this type of 
harvest activity, as it was considered to be infeasible at the broad geographic scale of this study. Thus, 
the Full Buffer treatment is viewed as most closely approximating the current regulatory approach.


Although many of the results explained in Chapters 5 and 6 can inform questions related to rule 
effectiveness, the most directly relevant are comparisons of landslide metrics within the two critical 
harvest treatments – No Buffer and Full Buffer – relative to Mature forest, which serves as a baseline 
(Section 2.2). Results from analyses of the three landslide metrics among the three critical harvest 
treatments are summarized in Table 7.1.


Once the effect of sample block (largely a surrogate for precipitation intensity) and slope gradient 
were accounted for in the analysis, the No Buffer treatment had a significantly higher landslide den-
sity (a 65% increase) than Mature forest. The Full Buffer treatment had a landslide density that was 
intermediate to Mature and No Buffer (17% more than Mature, 30% less than No Buffer) but not 
statistically different from either. For the two sediment volume metrics – Initial Yield and Delivery 
volume - No Buffer delivered significantly more sediment than either Mature or Full Buffer (347% 
and 558% increase respectively). In contrast, Full Buffer delivered sediment volumes that were lower 
than, but were not statistically different from, Mature (Table 7.1).


These findings indicate that harvest without buffers (i.e., No Buffer) resulted in a larger number of 
delivering landslides and greater volume of sediment delivery than would be expected in Mature for-
est. In contrast, Full Buffer resulted in a landslide volume that was similar to Mature, but a density 
that was not statistically different than No Buffer or Mature. This indicates that complete buffering is 
effective at reducing sediment volumes, but has an indeterminate effect on landslide density. All these 
comparisons are subject to the interpretation issues noted in Section 7.2.


As a final observation, across the Post-Mortem study area, the FFR performance target “Virtually 
none triggered by new harvesting on high risk sites . . .” does not appear to have been achieved for 
the period of 2001-2007. Forty-seven delivering landslides initiated in RIL harvested under the cur-
rent Forest Practices Rules. This result is discussed more fully in Section 7.3.3.


Landslide metric


No Buffer Full Buffer


Significantly different 
than 


Ratio vs. 
Mature


Significantly different 
than


Ratio vs. 
Mature


Density Mature 1.65 N/A 1.17


Initial yield Mature and Full Buffer 6.58 No Buffer 0.60


Delivered yield Mature and Full Buffer 4.47 No Buffer 0.73
Note: Summary of data presented in Tables 6-7, 6-12, and 6-17.


Table 7-1: Summary of differences between No Buffer and Full Buffer treatments relative to Mature, based on pair-


wise analyses of critical harvest treatments. Further statistical details are provided in Section 6.







	 Section	7:		Discussion	 |	 91


Effectiveness for road-related landslides


Similar to the harvest treatments, the most relevant test of Forest Practice Rule effectiveness for roads 
is the comparison of landslide metrics within the two critical road treatments that meet rules – Stan-
dard and Mitigated – relative to Substandard roads. Differences among the three critical road treat-
ments (Standard, Substandard, and Mitigated) are statistically inconclusive for all metrics. In Section 
7.3.2, we comment on factors that may have contributed to the lack of statistically significant differ-
ences among the critical road treatments.


Although not included among critical road treatments in the study design, Abandoned roads rep-
resent a third road category that meets the Forest Practices Rules. Results indicate that Abandoned 
roads generated less sediment than all other road treatments besides Mitigated, and it delivered less 
sediment to public resources than was observed on Standard or Substandard roads (Tables 6-18 and 
6-19). The landslide density for Abandoned roads is also lowest of all road treatments (Table 5-17), 
although differences in landslide density among the five road treatments were not statistically signifi-
cant.


Critical Question 2: “Is the greatest proportion of landslide delivery from harvest 
units or roads?”


Hillslope landslides account for the greatest proportion (81%) of the delivering landslides, and they 
contributed a greater proportion (77%) of sediment to public resources than roads (Table 7-2). This 
finding may appear to contrast with the numerous studies which have reported that roads contribute 
as much or more sediment than forested areas (e.g., Swanson and Dyrness, 1975; Amaranthus et al., 
1985; Guthrie, 2002). Further discussion of this difference and possible causes are included below in 
Section 7.3.1.


Metric
Active 
road


Inactive 
road


Harvest
< 20 
y.o.*


Harvest 
> 20 
y.o. Roads Hillslope


Study area 6% 1% 43% 50% 7% 93%


Landslide count 15% 4% 39% 41% 19% 81%


Sediment volume 17% 6% 18% 60% 23% 77%


Landslide density 30% 49% 11% 10% 76% 24%


Sediment per unit area 28% 56% 4% 12% 80% 20%


Note: Summary of data presented in Table 5-9.


Table 7-2: Relative proportion of delivering landslides and sediment delivery for roads and non-road areas from the 


core of each block.
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Critical Question 3: “Which harvest unit prescriptions or road improvements are 
performing well? Which are performing poorly?”


The decision to focus the sampling design on ‘treatments’ rather than individual prescriptions makes 
it difficult to identify which individual prescriptions are performing well and which are performing 
poorly. Every segment of forest road has experienced a sequence of overlapping site-scale prescrip-
tions (e.g., grading, addition of culverts), while harvest treatments are defined primarily by RIL buff-
ering. Thus, the treatments were designed to capture the combined effect of multiple prescriptions. 
Some generalizations can be made, however.


Harvest prescriptions


As discussed in response to Critical Question 1, retaining buffers on RIL was found to reduce the 
volume of sediment delivered to public resources and it also increased the probability that land-
slides would deliver beneficial woody debris to streams (Figure 5-14). Still, a substantial number of 
landslides originated within buffers and mature forests, indicating that forest cover does not entirely 
prevent landslides in a large storm event. As discussed in Section 7.2.5, although inconclusive, there 
is evidence to suggest that the effectiveness of RIL buffering is greatest when all RIL are buffered, yet 
we found that many RIL had been clearcut harvested since 2001 (Section 5.2.8). This indicates pos-
sible implementation difficulties with RIL identification and/or buffer implementation, as discussed 
further in Section 7.3.3. A potentially useful study would be to determine the relative effectiveness of 
buffers among the RIL landforms (Appendix B.6).


Road prescriptions


Results did support the stabilizing effect of road abandonment, which involves removal of culverts 
and any unstable fill material, thus addressing road components widely observed to contribute to 
road failures in the Pacific Northwest (Sidle 1985). The addition of water bars and other new drain-
age points also likely made Abandoned roads less vulnerable to ditch and drainage crossing obstruc-
tions that occurred during the large storm. Such drainage problems commonly trigger landslides 
within the road prism and hillslopes below that receive road-diverted runoff. Mitigated roads are 
likely to have similarly benefited from unstable fill removal and upgraded drainage features. Identify-
ing which of these specific prescriptions contributed most to the collective success of Abandoned and 
Mitigated roads would require a site-scale experimental study (Appendix B.5).


Critical question 4: “What are the site-scale triggering mechanisms for landslides?”


Crews looked for and recorded any evidence of triggering mechanisms, termed ‘contributing factors’ 
during field visits to landslide initiation points. With hillslope landslides, crew members looked for 
evidence of 1) soil disturbance from logging, 2) forest stand management activities such as herbicide 
treatment or pre-commercial thinning, or 3) focused surface water delivery from roads;  each of these 
activities has been identified as contributing to landslides in the past. In this study, crew members 
cited one or more of the listed factors as contributing to landslide initiation at only 10% of the sites, 
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while another 4% were associated with management-related factors like windthrow along buffer 
edges (Table 5-6 and Section 5.3). These calls were largely corroborated by the observer variability 
team (Table 5-2), leading us to conclude that the listed activities seldom contributed to landslide 
initiation.


Similarly, field crews identified no obvious drainage contributing factor at 68% of the hillslope road 
failures (Table 5-7). This absence was more unexpected than that lack of contributing factors for 
hillslope landslides because the authors had previously observed that road failures commonly exhibit 
clear evidence of a contributing maintenance problem or drainage malfunction. Further, few of the 
road failure sites had evidence of post-storm repairs prior to data collection that could have destroyed 
evidence. Among the road landslides that had an identified contributing factor, the majority (about 
two-thirds) involved an outsloped tread and/or water delivery through a cross-drain. Both factors 
contributed to concentration of road runoff at the failure sites. Crews identified plugged pipes as 
contributing to 68% of the stream crossing failures and fill edge collapse without plugging in another 
11% of the failures. For 21% of the stream-crossing failures, the field crews could not determine a 
contributing factor (Table 5-8). As with hillslope landslides, these findings were largely corroborated 
by the observer variability team.


Because these calls appear to be sound, we conclude that many road failures were caused by factors 
inherent to the treatments. Most road failures involved side-casted fill placed during initial road con-
struction. Given that construction of every forest road segment involved the modification of the pre-
existing hillslope geometry (i.e., hillslope cut and fill) and water movement pathways, we are inclined 
to conclude that the large precipitation input was, by itself, sufficient to disrupt the stability of roads 
at certain vulnerable locations, even without an evident drainage problem. The strong concentration 
of road landslides in blocks with highest precipitation (Figures 5-25 and 5-26) supports the impor-
tance of precipitation in road landslide initiation. The relationship of road failures to road character-
istics is another possible direction for further analysis, as discussed in Appendix B.5.


Critical question 5: “Do those triggering mechanisms vary between harvest unit or 
road types?”


The triggering mechanisms (i.e., contributing factors) were not identified frequently enough (~6% of 
all landslides had contributing factors) during field data collection to allow for meaningful compari-
son between harvest or road types.


7.2 Limitations and factors affecting interpretation of results
As with any field-based landslide study, there are limitations and factors that influence the interpreta-
tion of the results. In this section, we identify key constraints imposed by the choice of study design 
and discuss factors that may have affected our findings.







	94	 |	 Section	7:		Discussion


7.2.1. Scope of inference
This study is based on landslide response to a single large storm event. Data collection was limited to 
managed forest lands in southwest Washington with a landslide density of at least four landslides per 
square mile. The population to which we can draw inference is therefore limited to similarly man-
aged forests with similar climatic, geomorphic and land management histories; and a storm intensity 
that is able to generate a significant population of landslides over a large area.


A single large storm


As noted above, this study is based on the landslide response to a single large storm event. While the 
study includes spatial replication across a range of storm intensities, there is no temporal replication 
and it is possible that the findings are not representative of other storm events. 


Studies indicate that the largest relative changes in soil water pore pressure (an important factor in 
landslide initiation) are likely to occur in small and moderate storms (Dhakal and Sidle, 2004b) and 
the hydrologic effects of forest harvest on peak flow generation are likely to diminish with increasing 
event magnitude and time since harvest (Moore and Wondzell, 2005). As a result, one might ex-
pect management influences to be ‘drowned out’ in blocks experiencing very high storm intensities, 
thereby reducing the power of the study to detect differences among treatments. 


However, in a separate study conducted in the same area and in response to the same storm, Turner 
et al. (2010) compared the landslide response among three stand age and seven rainfall intensity 
categories and found the largest differences in landslide density among stand age categories to occur 
at the highest rainfall intensities, which led them to conclude that the effect of stand age is stron-
gest at the highest rainfall intensities. As a result, one might expect confounding effect of stand age 
(as discussed in Section 7.2.4) to be especially pronounced in blocks with the highest precipitation 
intensities. 


Similar results were found in another study, Reid and Page (2002), which reported that the differ-
ence in landslide rates between pasture land and forest or scrub cover in New Zealand were greatest 
at the highest storm intensities, leading them to conclude that the effectiveness of a forest or scrub 
cover for controlling landslides appears to increase with storm magnitude. As a result, one might 
expect the influence of vegetation cover to increase with increasing storm intensity. 


Finally, simulation studies indicate that the greatest percentage of unstable ground over time may 
be associated with years where there are many small densely distributed rainfall events as opposed 
to a single large magnitude event (Gorsevski et al., 2006). As a result, it possible that the patterns 
observed in this event are different from patterns observed in longer term studies where the effect of 
precipitation intensity on landslide occurrence is less variable. 


Long-term landslide rates


The results of this study are not applicable to, nor were they intended to determine, long-term land-
slide rates. In addition to the issue described above, event-based studies like this one typically have 
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densities that are much greater than longer-term studies because there are long periods of little or no 
landslide activity between storms, and dividing storm densities by the period of record reduces the 
overall rate. In addition, landslide detection probabilities decrease rapidly following a storm event 
as active roads are repaired and forest vegetates. Long-term studies also generally involve air photos 
analysis, which is likely to significantly underestimate landslide occurrence, especially under forest 
canopies (Brardinoni et al., 2003; Miller and Burnett, 2007; Turner et al., 2010).


Comparisons to landslide rates in unmanaged forest


Finally, we make no inference to landslide occurrence in unmanaged forest because the study area did 
not incorporate any significant areas of unmanaged (i.e., old-growth) forest. A proposal to expand 
the study area further north into the Olympic Mountains to include unmanaged forests was consid-
ered but it was ultimately rejected. Reasons for not including it in this study were that it did not fit 
within the blocking design and that the areas of unmanaged forest affected by the December 2007 
storm have greater topographic relief than the Post-Mortem study area as a whole.


7.2.2. Controlling for variability with blocking
Because the comparisons among harvest and road treatments are a key component of this study, the 
results hinge to some degree upon the accuracy and consistency of treatment delineations. An un-
avoidable difficulty in comparative landslide studies, such as this, is that they take place across a wide 
range of inherent instability. Landslides result from a complex inter-dependent set of spatio-temporal 
processes that include hydrology (rainfall, evapotranspiration and groundwater), root strength, soil 
conditions, topography, and human impacts (Wu and Sidle, 1995). Although such complexity can-
not be controlled, it does need to be managed for so that potentially confounding effects are mini-
mized.


In this study, a randomized block design was used to account for large-scale spatial variability of 
external factors affecting landslide occurrence. A large land base was incorporated in order to aver-
age out site-specific variability. With the block design, it is assumed that conditions within blocks are 
homogeneous relative to the variability seen across blocks and that by limiting comparisons to other 
treatments in the same block, the influence of large-scale variation in factors affecting landslides can 
be controlled for.


Controlling for the variation in precipitation and topography were considered very important since 
both have pronounced effects on landslide initiation. While topography can be inferred from Digital 
Elevation Models (DEM), precipitation is much harder to control for because it is both temporally 
and spatially highly variable. In a retrospective study like this, it is not possible to set up local pre-
cipitation gages prior to the event in order to accurately measure precipitation. It is also not possible 
to accurately estimate precipitation from gage data at monitoring stations that typically are many 
kilometers away from the study sites (Minder et al., 2009).
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With the block design, we assume that precipitation intensity within a given 4-square mile block is 
relatively uniform, and that because the treatments are quasi-randomly distributed within blocks, any 
differences in rainfall intensity among treatments within a block are averaged out over the 22 blocks. 
Spatial variability within blocks contributes to lower power in statistical tests, as opposed to intro-
ducing bias among treatments. Because of our familiarity with the relatively homogenous landscape 
of the study area, we believe that the blocking approach was reasonably effective at controlling large 
scale spatial variation in factors like precipitation, species composition, soils, and geology which may 
have affected the landslide response.


7.2.3. The distribution of RIL among harvest treatments
As noted above, this study was designed to identify treatments by differences in buffering while at-
tempting to minimize other differences affecting landslide susceptibility. Defining harvest treatments 
by their buffering has the potential to introduce topographic bias. Specifically, the Partial Buffer 
treatment, by definition, requires that at least one RIL must be present, while the other treatments 
do not. This may have created a condition in which the Partial Buffer treatment may have higher 
inherent susceptibility than other treatments, which could contribute to a greater landslide response.


To account for potential susceptibility differences in inherent instability among the harvest treat-
ments, including the potential RIL bias associated with the Partial Buffer treatment, we quantita-
tively adjusted landslide rates using a simple index based on median harvest unit slope gradient as 
discussed in Section 6.1.1 (Table 6-2). Slopes were calculated using a 10-meter DEM and then sum-
marized by treatments within each block. Although there are no data to determine the effectiveness 
of this design to minimize the effects of landscape differences between harvest treatments, the slope 
factor was highly significant in the analysis and we are confident that a ‘block and adjust’ approach 
was appropriate to these data. The degree to which the slope index fully captured differences in sus-
ceptibility among treatments remains unknown.


7.2.4. Factors affecting landslide density among the three 0-20 harvest treatments
It was expected that the pattern of landslide response among the three 0-20 harvest treatments would 
differ as a result of differences in leave tree density and corresponding differences in root strength in 
unstable areas. We predicted the highest landslide density to occur in the No Buffer treatment, with 
lower densities in Partial Buffer, and the lowest in the Full Buffer treatment. As described in Section 
7.1, effectiveness was to be gauged by comparing landslide densities for the various treatments with 
Mature stands (Dieu et al., 2008). While the landslide density for No Buffer and Full Buffer ap-
pears to follow the predicted pattern, the higher densities in Partial Buffer did not, and the literature 
related to factors affecting slope stability provides some possible explanations for this result.


Effects of root strength and hydrology


Slope stability is determined by ratio of driving to resisting forces, and forest vegetation management 
affects those by changing patterns of windthrow, vegetation surcharge, root strength, soil moisture 
distribution and soil pore pressure (O’Loughlin, 1974). Simulation studies indicate that the areas of 
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highest instability result from the combined effects of high pore water pressure, low root strength, 
and local site conditions (Wu and Sidle, 1995). Changes in root cohesion are often modeled in terms 
of two factors: 1) the exponential decay of residual root strength, and 2) a sigmoidal recovery of root-
ing strength and tree surcharge as vegetation returns (Sidle, 1991; Sidle, 1992). Total root strength is 
believed to be at a minimum between approximately 4 and 10 years after timber harvest (Schmidt et 
al., 2001). Within this general pattern, local differences in vegetation species composition and distri-
bution have a large effect on localized root strength and total time to recovery (Schmidt et al., 2001; 
Roering et al., 2003). 


While root strength provides resistance against landslide initiation, landslides do not only occur in 
response to reductions in root strength associated with forest management. As demonstrated in this 
study, a large number of landslides initiate in mature stands, or in leave buffers with mature timber, 
in response to heavy precipitation (Figure 5-6 and Figure 5-12). Hydrology (specifically soil pore 
pressure) is the primary driver and forest management affects soil moisture and soil pore pressure 
through changes in changes in rainfall interception, smoothing of precipitation intensities, snow ac-
cumulation and snowmelt (Keim and Skaugset, 2003; Moore and Wondzell, 2005). 


While changes in root strength are expected to decrease slope stability for a period before recovery, 
the hydrologic changes are expected to be greatest just after harvest and then declining with time 
(Sidle, 1991; More and Wondzell, 2005). The result, as shown by recent landslide inventories, is 
that landslide densities are expected to increase for the first 10 years following clearcut harvest before 
gradually decreasing (Figure 7-1).


Harvest unit stand age differences for the 0-20 year-old treatments


The three 0-20 year-old treatments were chosen to cover the period of increased landslide hazard and 
it was expected that implementation of Watershed Analysis prescriptions in the late 1990’s would 
have created older examples of the Full Buffer and Partial Buffer treatments to compare with the No 
Buffer treatment (Section 2.2). While there was some overlap in the stand age of 0-20 year old treat-
ments (Figure 5-20), the mean ages (excluding the stand age of buffers) differ significantly (Full Buf-
fer – 3.3 years, Partial Buffer 5.8, No Buffer – 12.7). Attempts were made to incorporate stand age 
into the statistical models, but as discussed in Section 6.1.1, the models would not accept treatment 
and stand age together because they were so highly correlated, and treatment was a more appropriate 
factor than stand age in a linear model.


As a result, landslide response for the three 0-20 buffer treatments is potentially confounded by ‘time 
since harvest’ which complicates interpretations of buffer effectiveness (Figure 7-1). The landslide 
density of the three 0-20 year-old treatments fits the observed pattern of increased landslide rates, 
as a function of harvest unit stand age, that has been found by others (e.g., Imaizumi et al., 2008; 
Turner et al., 2010). It appears likely that higher landslide susceptibility associated with ‘time since 
harvest’ contributed to the higher landslide density in the Partial Buffer treatment (see Section 7.2.5 
for details). In the interpretations presented in Section 7.1, it is assumed that Full Buffer and No 
Buffer are equally affected by the effects associated with time since harvest.
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Figure 7-1: Expected changes in landslide density as a function of stand age.                  Top: Landslide frequency and sedi-


ment supply from a forested basin in Japan from as a function of root strength (Sidle 1991, 1992) from Imaizumi 


et al., 2008. Middle: Landslide density (roads and regulatory buffers excluded) for Weyerhaeuser land in western 


Washington with more than a few landslides (Turner et al., 2010). Bottom: Landslide density index from this study 


with 90% confidence intervals as presented in Figure 6-1; bar widths adjusted to the IQR of stand age (exclusive of 


buffers) from Figure 5-20. The middle and bottom figures are shown against a backdrop of root strength (red line - 


inverted to highlight susceptibility) taken from the top figure and visually fit to observed landslide densities.
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7.2.5. An alternative approach to evaluating buffer effectiveness
In this study, buffer effectiveness was evaluated by comparing landslide densities for the critical 
harvest treatments with those for mature timber. This comparison is expected to address: 1) Whether 
the unstable slope rules are effective at reducing landslide rates, and 2) Whether the landslide rates in 
areas treated under the current Forest Practices Rules are comparable to rates observed in mature sec-
ond growth forest (Dieu et al., 2008). Unfortunately, the analysis presented thus far only addresses 
the second question since it is entirely possible for treatments to be successful in reducing landslide 
densities compared to past management practices, yet still result in landslide densities that are signifi-
cantly greater than those observed in mature forest.


An alternate analytical approach to answering the first question is to ask whether the observed treat-
ment responses are different than what might have been expected in the absence of a buffer treat-
ment. While the analysis conducted for this report, by itself, cannot answer this question with much 
confidence, comparing the results with those from a separate study conducted in response to the 
same 2007 storm event provides an opportunity for a qualitative assessment.


Turner et al., (2010) used air photos and field surveys to characterize the distribution of landslides 
across portions of the storm affected area, excluding landslides associated with roads or regulatory 
buffers from the analysis. If we assume that the results of Turner et al. (2010) represent the landslide 
response in the absence of buffers (since all buffers were excluded from the analysis), we can use those 
data to evaluate the effectiveness of buffers from treatments in this study. Using the landslide density 
of Mature stands as a baseline in each study, we see that the increased landslide density in stands that 
were harvested 10-40 years previously is very similar among the studies, but the two buffered harvest 
treatments in this study (i.e., Partial and Full Buffer) appear to exhibit smaller increases than simi-
larly aged stands in the Turner et al. (2010) study (Table 7-3).


Turner et al., 2010 (excludes all landslides 
occurring in buffers)


This study


Stand age


Landslide 
density 
(/mi2)*


Increase over 
Mature Treatment IQR of Age†


Landslide 
density 
(/mi2)


Increase 
over Mature


0-5 6.6 193% FB 0-20 1.1-4.2 5.7 15%


6-10 7.3 224% PB 0-20 3.9-7.0 9.6 93%


11-20 3.6 59% NB 0-20 9.7-15 7.7 56%


21-40§ 2.8 24% SM 20-40 27-35 6.2 25%


41+ 2.2 0% M 41+ 46-57 5 0%
Note: Turner et al. (2010) densities visually estimated from the right side of Figure 13. Data for this study presented in the bottom of Figure 5-21 
and Table 6-7.


Table 7-3: Summary of differences between No Buffer and Full Buffer treatments relative to Mature, based on pair-


wise analyses of critical harvest treatments. Further statistical details are provided in Section 6.
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While the differences may be influenced by other factors, it is consistent with simulation studies 
which indicate that partial cutting is likely to produce fewer landslides and reduced landslide volume 
compared to clearcutting (Dhakal and Sidle, 2003). Interpreted in this manner, our results sug-
gest that the buffer treatments have reduced landslide densities in comparison to past management 
practices. Whether the current buffer requirements are adequate to meet FFR resource objectives 
remains unresolved. As shown in Section 6, partial buffering of RIL combined with a large storm oc-
curring 4-7-years after harvest resulted in significantly greater landslide densities than were observed 
in neighboring mature stands. This raises the question as to whether stands with full buffering of RIL 
would be likely to meet performance targets if hit by a large magnitude storm, at a time when hydro-
logic and root strength effects are expected to create the most instability.


7.2.6. Potential influences of the ‘worst first’ approach to road landslide densities
In contrast to harvest treatments which are defined entirely on the basis of buffer presence, road 
treatment delineations were based on a handful of drainage and other indicators which required 
judgment in interpretation (Table 3.2). Determination of Abandoned and Orphaned roads were 
probably the most accurate because they have clear characteristics that contribute to consistent iden-
tification. A few Mitigated roads may not have been identified because side-cast pullback sites had 
re-vegetated, making that prescription difficult to recognize. In particular, we found that our criteria 
were not always adequate to clearly distinguish Standard from Substandard roads.


In addition to the difficulty in delineating road treatments, there are reasons to expect significant 
inherent differences in stability among road treatments due to regulatory and management incentives 
to focus more maintenance and repair resources on roads most likely to experience landslides. The 
primary regulatory driver is the Forest Practice Rules for Road Maintenance and Abandonment Plans 
(WAC 222-24-051) which specify that roads be improved in a ‘worst-first’ sequence. It is expected 
that this resulted in many unstable roads being improved in the six years between rule implementa-
tion and the 2007 storm. Landowners also have an incentive to improve roads in difficult terrain in 
order to minimize disruption of access and prevent larger repairs due to landslides. 


Prior to 2001, Watershed Analysis prescriptions had required improvements focused on unstable 
roads since the mid-1990s. Watershed Analyses cover a sizable portion of the study area. The RMAP 
scheduling strategy and Watershed Analysis undoubtedly played a role in determining the location of 
highly-improved roads that populate the Mitigated road treatment. Additionally, many Abandoned 
roads appear to have been located on steep lower hillslopes, both because they were prone to instabil-
ity and they were no longer needed for timber access. If these terrain differences are true, then the 
relative stability documented for Mitigated and Abandoned roads becomes even more notable, given 
their probable location in the most unstable terrain. Unlike the slope adjustments applied to harvest 
treatments (Section 6.1.1), we were not able to account for hillslope gradient differences among 
roads segments. The main reason was that topographic DEM reflect slope conditions as modified 
after the road was built, rather than before road construction, as would be needed to characterize 
inherent stability of each road segment.
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A final factor that may have contributed to the lack of statistically significant differences among road 
treatments is that 70% of all road-related landslides occurred within four of the 22 blocks (Figure 
5.24). This resulted in a zero landslide count for most treatments in the majority of blocks, greatly 
reducing statistical power. In the four blocks with most of the landslides, the majority of total road 
length (77%) was in the three treatments expected to be most stable – Standard, Abandoned and 
Mitigated (Figure 5.22). As a result, there were relatively few Orphaned and Substandard roads 
present by which to characterize the treatments expected to have the highest levels of instability. Ad-
ditional analysis could characterize the roads in this study to better account for inherent instability 
among treatments and to better understand the factors that drive road-related landslides (Appendix 
B.4).


7.3 Other findings
While the critical questions provided the impetus for this study, many of the results do not fit well 
within their limited context or require nuanced evaluation not predicted by the study design. As with 
most studies, there were also results which were considered ‘surprising’. These are results that have no 
direct relationship to the critical questions, but are still related to forest management.


7.3.1. Comparisons between hillslope and road-related landslides
As noted in response to Critical Question 2, roads accounted for one-fifth of delivering landslides 
and they contributed only a third as much sediment as hillslopes (Table 7-2). Because roads occupy 
only a small portion of the landscape, they have a three times greater landslide density and yielded 
four times as much sediment per area of affected ground when compared with hillslopes. But even in 
terms of landslide density, roads in this study contributed a smaller proportion than has been re-
ported in the past (Table 7-4). A similar discrepancy was noted by Robison et al., (1999) in a similar 
field-based landslide inventory following the winter 1996 storms in Oregon, and was used along 
with evidence of smaller road-related landslides than previously reported to support an interpretation 
that management practices are reducing the size and number of road associated landslides. It raises 
the question: does this apparent shift reflect the effects of improved road management practices, or is 
it simply an artifact of different study methods or other factors?


It is important to recognize that most of the early landslide studies reflect initial performance of 
roads constructed in the 1950s prior to significant changes in the standards for road building. Our 
professional experience supports the conclusion of Robison et al. (1999) that current road manage-
ment practices including minimization of road mileage on steep slopes and end-hauling of evacuated 
material (e.g., Session et al., 1987) and sidecast pullback are effective in reducing the size and num-
ber of road associated landslides. However, we caution against ascribing the lower landslide densities 
and yields observed here entirely to improved practices because it is likely that methodological differ-
ences contributed as well. 


A key factor limiting the value of direct comparisons among studies is differences in landslide detec-
tion probability. As discussed in Chapter 2, numerous studies have demonstrated a detection bias in 







	102	|	 Section	7:		Discussion


Table 7-4: Relative landslide density for older or un-harvested forests in comparison to densities following harvest 


or from roads from a limited number of studies in the Pacific Northwest.


Detection 
method Study Condition


Landslide 
count


Density 
(/mi2/yr)


Relative 
density


Air photo 
& field 
observation


Swanson and Dyrness (1975) 
observations from the Andrews Forest, 
western Oregon, over a 24 year period 
(1950-1974).


Unlogged 32 0.16 1.0


Clearcut 36 0.49 3.0


Road 71 5.11 32


Air photo Amaranthus et al. (1985) air photo 
inventory on the Siskiyou National 
Forest, southwestern Oregon over a 
20 year period (1956-1976).


Unlogged 100 0.03 1.0


Harvested 328 0.74 28


Roads 216 2.32 87


Air photo Johnson (1991) air photo inventory 
on South Fork Canyon Creek, 
southwestern Washington over a 42 
year period (1948-1990).


Unlogged 22 0.04 1.0


Clearcut 29 0.23 5.3


Road 34 4.27 97


Air photo Jakob (2000) air photo inventory of 
landslides less than ~ 20 y.o. and 
greater than 500 m2 from 1996 photos 
of Clayoquot Sound, British Columbia.* 


Natural 506 0.03 1


Logging- 
related 498 0.25 8.8


Air photo Guthrie (2002) air photo inventory on 
three watersheds, Vancouver Island 
B.C., based on 28-39 years of record 
(~1955-1996). †


Natural 121 0.05 1.0


Harvested 92 0.06 1.3


Road 150 1.29 27


Field survey Robison et al. (1999) field inventory 
of delivering landslides in western 
Oregon, following winter 1996 storms.§


> 100 y.o. 111 13.6 1.0


0-9 y.o. 61 18.7 1.4


Roads 21 34.9 3


Field survey This study (2012) field inventory of 
delivering landslides in Willapa Hills, 
southwest Washington, following a 
large storm event in Dec. 2007.**


> 40 y.o. 193 8.6 1


< 20 y.o. 422 11.7 1.4


Roads* 164 32.7 3.8


* Jakob combined the 268 clearcut and 202 road landslides for the purpose of estimating logging-related landslide rates. In addition, he used 
40 years as the divisor for reporting temporal frequency in Natural. For comparison purposes, we use 20 years as the divisor for both Natural 
and Logging-related densities since his rational for using 40 years with Mature is unique to his report. Since roads are likely to occupy a small 
proportion of the watershed, they contribute a much higher landslide density than is indicated by the combined rate.
† Comparisons based on the combined density from Macktush Creek, Arlish Creek, and Nahwitti Creek watersheds.
§ Comparisons based on data from Elk Creek, Vida, and Mapleton because comparable data were not available from other study areas, and 
roads are limited to active roads with a proportionally adjusted length in Elk Creek where active and inactive road were reported together.
** Analysis limited to core areas as described in Section 5.4. Data are presented in Table 5-9 with the exception of > 40 y.o. count and density 
which are reported as part of Harvest > 20 year old.. Road densities are limited to active road treatments.


            See Robison et al. (1999) or Sidle and 


Ochiai (2006) for additional compilations of long-term rates.
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landslide identification between field and air photo inventories. For example, Robison et al. (1999) 
reported that the ratio of landslides between clearcut and mature forest determined from 1:6,000 air 
photos was 21:1. An inventory of the same area by ground survey resulted in much higher landslide 
detection rate in older forest resulting in a ratio of 2:1 for the ground-based sample (Robison 1999). 
If our methods resulted in similar improvement in landslide detection in mature forests, this would 
result in reducing the relative proportion comprised by road landslides. Further, this could be a ma-
jor cause of the smaller total fraction of road landslides in this and Robison’s studies, relative to the 
densities reported in previous aerial photography based inventories.


Another factor affecting landslide triggers is the period of study. Single event based studies like this 
one have densities that are much greater than longer-term term studies because they are done in the 
wake of a large storm event when landslides are abundant and easier to locate than after scars reveg-
etate. This should allow more accurate determination of landslide triggers. The disadvantage is that 
the landslide response is specific to the unique hydrologic stresses of that particular storm and the 
road and landscape conditions that were present. This could contribute to a pattern of instability 
(e.g., types of triggers) that would differ from what would be observed in a different storm or over a 
series of events.


7.3.2. Landslides initiating outside of RIL
As explained in Section 5.5, between 29% and 41% of the delivering hillslope landslides initiated 
outside of named RIL in Forest Practices Rules. This was a greater proportion than anticipated be-
cause it was generally assumed that most delivering landslides would initiate in a named RIL, in part 
because RIL are known to have efficient delivery mechanisms. These non-RIL landslides were distrib-
uted throughout the study area, and across a range of precipitation intensities, so they do not appear 
to be limited to an area of unique geology or extreme precipitation (Figure 5-9).


It’s possible that some of these failure sites would have been regulated as unstable under WAC 222-
16-050 which includes: “E) Any areas containing features indicating the presence of potential slope 
instability which cumulatively indicate the presence of unstable slopes.” In this study, field crews 
were restricted to the named RIL and were not allowed to categorize landslides as having occurred 
within landforms that may have been ruled as unstable under section E because it would require too 
much subjectivity. Further, the authors have observed that the great majority of unstable terrain fits 
the description of one of the four named RIL (i.e., WAC 222-16-050, A through D). Nevertheless, 
field crews had some uncertainty in RIL determination, as discussed in Section 7.4.4.


Possible causes of the many landslides occurring outside RIL is a topic that has potential for further 
study as discussed in Appendix B.3. The Washington State Adaptive Management Program is cur-
rently involved in scoping a study that will attempt to identify additional landforms with a high 
probability of failure.
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7.3.3. Recent clearcut harvest of RIL
Another unexpected observation from this study was the extent to which RIL had been clearcut 
harvested. Since harvest of RIL was not regulated prior to 2001 (aside from areas covered by Water-
shed Analyses) and Forest Practices Rules were enacted in 2001 that restrict harvest on such features 
(discussed in Section 7.1), the authors of the study design expected that the No Buffer treatment 
would consist mainly of sites logged prior to 2001. The Partial Buffer treatment was created as a cat-
egory for harvests where RIL had been thinned or had corridors cut through for cable yarding. Since 
2001, either of these activities or other types of harvest in RIL are permitted only where approved 
by a SEPA review or that meet the criteria of approved Watershed Analysis prescriptions. A focused 
aerial photography review of Partial Buffer units (Appendix A.4) seldom indicated that RIL harvest 
was limited to thinning or yarding corridors, but more commonly that a RIL had been clearcut. Of 
the portion of the study area logged since 2001, 50% was categorized as Partial Buffer indicating the 
broad extent of this pattern.


There are a number of possible reasons that so many RIL were harvested. One cause could be dif-
ficulty at accurately identifying RIL by foresters designing and reviewing harvest units. Although this 
study did not evaluate how any RIL determinations had been made, the field crews trained for this 
study encountered some difficulties in RIL identification. Results of field-based observer variability 
evaluations indicate that RIL identified as RIL by the observer variability team were not identified 
by field crews at 15% of the sites. RIL calls by the observer variability team were considered more 
reliable because it was led by a licensed engineering geologist with experience around the state in the 
employment of the WDNR Forest Practices Division. A possible component of some differences 
was that field crews, on average, measured slope gradients 5% lower than the observer variability 
team (Figure 5.1), and this could result in under-identifying RIL. The discrepancy in slope measure-
ments was interesting, given that the field crew for this study were comprised of geologists and forest 
engineers with training and experience comparable to field layout and regulatory foresters. From this, 
we suspect that unidentified RIL overlooked during unit layout is likely to be a common cause of 
RIL harvest. A possible additional study of this RIL identification issue has been proposed (Appendix 
B.1).


Another possibility is that some unstable hillslopes in the study area were harvested because someone 
misjudged their potential to deliver to a stream. Regardless of their stability, slopes are not regu-
lated as RIL under Forest Practices Rules if they are not judged to have potential to impact a stream 
or public safety (WAC 222-16-050 (1) (d)). A common example of an unregulated hillslope is an 
unstable feature located immediately above a broad flat area, where the landslide debris would de-
posit without reaching any stream or jeopardizing public safety. Although delivery potential is a key 
criterion for RIL determination, there is very little specific guidance for evaluating delivery potential 
within the Rules, Board Manual, or even the scientific literature. As a result, delivery calls rely on 
professional judgment and personal experience, making consistency difficult. It is possible that the 
magnitude of the storm event caused landslides to have longer runouts than previously observed, 
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which allowed them to reach streams more commonly than would have occurred in response to a 
smaller storm event.


In addition to the identification-related difficulties discussed above, there are likely to be other fac-
tors at sites where the rules were not followed. Regardless, any conclusions on causes of RIL harvest 
are speculative without further evaluation.
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Glossary:


Adaptive Management Program (AMP): The AMP was created to provide science-based recommen-
dations and technical information to assist the Forest Practices Board in determining if and when 
it is necessary or advisable to adjust rules and guidance for aquatic resources to achieve the resource 
goals and objectives of the Forests & Fish Report.


Akaike’s information criterion (AIC): AIC scores are a measure of the goodness of fit of an estimated 
statistical model. The AIC methodology attempts to find the model that best explains the data with 
the fewest model parameters. Given a data set, several competing models may be ranked according to 
their AIC, with the one having the lowest AIC being the best.


Analysis of Variance (ANOVA): ANOVA is a method for partitioning observed variance in a contin-
uous outcome variable into components associated with different explanatory factors. In its simplest 
form ANOVA provides a statistical test of whether or not the means of several groups are all equal.


Analysis of Covariance (ANCOVA): ANCOVA is a merger of ANOVA and regression. ANCOVA 
tests whether certain factors have an effect on the outcome variable after removing the variance for 
which quantitative predictors account. The inclusion of covariates can increase statistical power be-
cause it accounts for some of the variability.


Block: Blocks are used in statistical designs to account for variability from sources that are not of 
primary interest to the experimenter. In this study, blocking was employed in part, to account for the 
effect of precipitation on landslide occurrence.


Box-Cox transformation: The Box–Cox transformation, by statisticians George E. P. Box and David 
Cox, is a particular method of transforming data using power functions that preserve data ranks. This 
technique is used to help stabilize variance and make the data fit an approximately gaussian (normal) 
distribution.


Cluster: Four contiguous Public Land Survey (PLS) sections that were randomly chosen as part of 
the first stage of a multi-stage cluster sample design. Clusters sometimes were augmented with addi-
tional adjacent experimental units drawn from the frame. The cluster and experimental units drawn 
from the frame form blocks.


Critical treatment: Three of the harvest, and three of the road, treatments were considered critical to 
the sampling effort because they best represent past and present forest practices or because they serve 
as reference conditions for evaluating the effectiveness of the current Forest Practices Rules.


Digital Elevation Model (DEM): A digital representation of ground surface topography or terrain.


Experimental unit: The units on which observations are recorded. Road segments, harvest units and 
even-age forest stands serve as the experimental units in this study.
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Exposure: A term used to describe the area of harvest treatments and length of road treatment. 
Within a given block, precipitation and geomorphology are assumed to be relatively constant, and 
landslide counts are expected to vary in proportion to exposure. In the statistical analysis, offsets are 
used to account for the differences in exposure resulting from the observational nature of the study.


Forests & Fish Report (FFR): A document issued in 1999 and adopted by the Washington State 
Legislature to be used by the Forest Practices Division to write new rule language. The Forests & 
Fish Report was the result of a collaborative effort by of diverse stakeholders, including tribes, forest 
landowners, local governments, environmental groups, and other interests. It outlined several ways 
to protect water quality and aquatic and riparian-dependant species on non-Federal forestlands in 
Washington.


Forest Practices Application (FPA): An application to perform timber harvest, road construction and 
maintenance, or aerial chemical application activities on state and private forest lands in Washington 
State. Once approved, the application serves as a permit.


Forest Practices Application Review System (FPARS): An online system that provides for the collec-
tion, distribution, and archiving of Forest Practices Applications.


Forest Practices Board (Board): Established by the 1974 Forest Practices Act, the Board is an inde-
pendent state agency chaired by the Commissioner of Public Lands or his designee. The Board’s job 
is to adopt rules that set standards for activities related to Forest Practices activities.


Forest stand: In commercial forest land, it is an even-age stand of timber that has regrown after previ-
ous harvest.


Frame: Composed of 12 sections that surround a cluster, the frame is used to augment cluster area in 
cases where critical treatments were underrepresented. Experimental units drawn from the frame are 
added to the original cluster sample to form a block for analysis.


Friedman test: A non-parametric statistical test applicable to complete block designs. The test uses 
ranked data and is a special case of the Durbin test.


Geographic Information System (GIS): Software used to create, analyze and display geographically 
referenced information including maps.


Global Positioning System (GPS): GPS is a space-based global navigation system that provides reli-
able time and location information anywhere there is an unobstructed line-of-sight to four or more 
GPS satellites. There are several different GPS networks; the system used to collect data for this study 
is maintained by the United States government and can be freely accessed by anyone with a GPS 
receiver.
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Harvest treatment: Treatments are characterized by a set of prescriptions that were applied at the 
time of harvest. Treatments are identified by the era in which they were harvested, and in some cases, 
the degree to which RIL are buffered (see Section 2.2.1).


Harvest unit: A relatively contiguous parcel of land from which timber is harvested as part of a single 
operation.


Hillslope landslide: A landslide that was not associated with the prism of a road.


Light Detection and Ranging (LiDAR): An optical remote sensing technology that is used to mea-
sure distance (range) to a distant target. When mounted on a plane, and using appropriate geograph-
ic controls, LiDAR can be used to create high-resolution digital elevation models (DEM).


Public Resources: Defined as water, fish and wildlife , and in addition means capital improvements of 
the state or its political subdivisions (WAC 222-16-010).


Quality Assurance / Quality Control (QA/QC): A review process to evaluate and ensure that the 
data used in the analysis was reasonably free of errors that could affect the result.


Randomized Complete Block (RCB) design: A statistical sampling and analysis framework in which 
sampling takes place in experimental units (blocks) that are similar to one another. Typically, the 
blocking factor controls for sources of variability that are not of primary interest to the experimenter.


Road treatment: Treatments are characterized by a set of prescriptions associated with road mainte-
nance. Treatments are identified by the condition of the road segment (See Section 2.2.2).


Rule-Identified Landform (RIL): RIL are the potentially unstable slopes recognized by Washington 
Forest Practices Rules and defined in WAC 222-16-050. Current regulations require RIL be identi-
fied prior to harvest or road construction. Forest Practices, to the extent practicable, are designed to 
avoid management activities on RIL unless the forester and/or regulatory agency staff have deter-
mined that there is little potential for sediment delivery to public resources.


Slope Stability Model (SlpStab): A grid data layer of modeled shallow-rapid slope stability for for-
ested watersheds of western Washington State. This layer was an anticipated outcome of the Forestry 
Module negotiations as outlined in the Forests & Fish Report (1999) and legislated in the Engrossed 
Substitute House Bill 2091 (1999).


Sum of ranks: In the Friedman test, observations are sorted by the relative magnitude of the obser-
vation within each block and the ranks are used in the analysis. For example, given five treatments 
where NB=7.7, PB=9.6, FB=5.7, SM=6.2, and M=5.0 in a given block, the data would be sorted 
and the observations would be replaced with the relative ranking such that PB=5, NB=4, SM=3, 
FB=2, and M=1. Sum of ranks is simply the sum of the ranked values across all of the blocks and is 
used to test the null hypothesis. In its use of ranks it is similar to the Kruskal-Wallis one-way analysis 
of variance by ranks.
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Treatment: In this retrospective study, experimental units are ex post facto assigned to ‘treatments’ 
based on the condition of the harvest unit, forest stand, or road segment. Some treatments have 
particular relevance in the evaluation of Forest Practices Rule effectiveness and are considered critical 
to the study.


Untyped water: Small, non-fish-bearing streams that do not connect to the rest of the channel net-
work are classified as “untyped” and are not considered public resources under Forest Practices Rules.


Washington Department of Natural Resources (WDNR): Administered by the Commissioner of 
Public Lands, the WDNR is the primary governing agency for forest practices in Washington State. 
The WDNR oversees the Adaptive Management Program (AMP).
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Minority  Report  on  the  Evidence,  Interpretations,  and  Conclusions  of                                
the  Mass  Wasting  Effectiveness  Monitoring  Project  (The  Post-­‐Mortem  Report)  


A.J.  Kroll  
Weyerhaeuser  NR  
CMER  Reviewer  
May  14,  2012  


Executive  Summary  


The  Mass  Wasting  Effectiveness  Monitoring  Project  report  (hereafter,  the  PM  report)  presents  
data,  interpretations,  and  conclusions  regarding  the  effectiveness  of  slope-­‐stability  
prescriptions  for  mitigating  management  influences  on  landslide  densities  and  sediment  
delivery  in  forested  watersheds  in  southwestern,  WA.    In  this  minority  report,  I  summarize  my  
technical  position  on  the  PM  report.    In  so  doing,  I  have  organized  my  comments  around  the  6  
Critical  Questions  that  the  PM  study  was  intended  to  address.    Generally,  I  argue  that  an  
insufficient  amount  of  information  was  collected  to  answer  these  critical  questions.    In  addition,  
I  contend  that  the  PM  report  is  burdened  by  two  substantial  and  interrelated  problems  that  the  
PM  authors  appear  unwilling  to  address  or  to  remedy:    an  inadequate  study  design  and  the  
incorrect  interpretation  of  statistical  results.    I  acknowledge  that  the  study  design  issue  has  
existed  for  several  years.    However,  I  also  document  the  concerns  expressed  over  study  design  
issues  by  ISPR  reviewers  of  the  final  report.    In  so  doing,  I  emphasize  the  continuing  relevance  
of  this  issue  and  how  it  is  inextricably  associated  with  interpretations  and  conclusions  that  can  
be  made  in  the  PM  report.    As  I  document  in  this  minority  report,  the  PM  report  remains  
encumbered  by  significant  technical  problems;  these  technical  problems  were  identified  in  the  
ISPR  review  of  the  final  report;  and  changes  made  to  the  PM  report  in  response  to  these  
comments  are  not  sufficient.      Finally,  these  issues  are  technical  
As  such,  these  technical  issues  should  be  addressed,  and  remedies  identified,  within  UPSAG  and  
CMER.              
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Introduction  


This  report  summarizes  my  technical  position  on  the  PM  report.    I  have  organized  my  
comments  around  the  6  Critical  Questions  that  the  PM  study  was  intended  to  address.    For  
each  of  the  six  Critical  Questions,  I  summarize  the  interpretations  and  conclusions  presented  in  
the  PM  report.    I  discuss  whether  sufficient  evidence  was  presented  to  support  these  findings.    
Generally,  I  contend  that  the  PM  report  is  burdened  by  two  substantial  and  interrelated  
problems  that  the  PM  authors  appear  unwilling  to  address  or  to  remedy:    an  inadequate  study  
design  and  the  incorrect  interpretation  of  statistical  results.    Finally,  I  discuss  what  I  think  are  
the  interpretations  and  conclusions  supported  by  the  study  design  and  the  information  that  
was  collected  by  the  PM  study  and  presented  in  the  PM  report.      


The  PM  report  provides  substantive  information  on  only  the  first  3  of  the  Critical  Questions.    
For  the  3  Critical  Questions  that  are  addressed  in  detail,  I  note  that  the  PM  report  includes  
contradictory  conclusions.    For  example,  
the  hypothesis  that  the  avoidance  of  clearcut  harvest  on  unstable  terrain  reduces  the  density  


buffering  is  effective  at  reducing  sediment  volumes,  but  has  an  indeterminate  effect  on  


on  p.  98,  v.  8a)  lends  further  credence  to  the  hypothesis  that  RIL  buffers  reduce  landslide  


densities  could  not  be  evaluated  by  the  PM  study  was  made  clear  later  in  the  report:    
IL  buffers  could  not  be  distinguished  from  riparian  or  other  buffers  during  


treatment  delineation,  the  study  tested  the  combined  effectiveness  of  all  types  of  buffers  at  
reducing  landslide  initia pp.  89-­‐90,  v.  8a).                  


The  inadequate  study  design  implemented  by  the  PM  study  is  a  long-­‐standing,  contentious  
issue  that  has  been  raised  by  numerous  reviewers  during  the  development  of  8  versions  of  the  
report.    The  position  of  the  PM  authors  and  CMER  co-­‐chairs  that  these  issues  can  be  willed  
away  based  on  the  CMER  process  is  untenable.    In  the  ISPR  review  of  the  PM  report,  Reviewer  1  
responded  to  Question  4  (Do  the  stated  conclusions  logically  flow  from  the  results?)  as  follows:      


As  stated  in  my  answer  to  Question  1  (Are  rigorous,  transparent  and  sound  research  and  statistical  methods  
followed?)  above,  a  substantial  part  of  the  conclusions  cannot  be  supported  by  the  results.  This  is  because  the  
results  of  the  statistical  tests  of  significance  have  been  ignored  so  that  the  conclusions  are  consistent  with  the  co-­‐
authors  expectations.    In  the  process  weaknesses  or  inadequacies  of  the  experimental  design  that  may  have  


caused  the  lack  of  statistical  significance  between  various  treatments  have  been  overlooked     (Bold  text  
added;  Line  35  of  ISPR  review  response  matrix)  
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In  response  to  Question  3  (Were  data  reasonably  interpreted?),  Reviewer  1  responded:      


I  think  the  final  decision  whether  there  is  a  difference  or  not  between  the  landslide  response  of  the  various  
treatments  should  be  based  solely  on  whether  the  difference  is  statistically  significant.    If  the  difference  is  
statistically  significant  there  is  a  difference,  otherwise  there  is  none.    This  kind  of  interpretation  should  be  used  
consistently  in  the  entire  report.  Otherwise,  one  could  ask  the  question  as  to  why  bother  designing  a  rigorous  
statistical  experiment  with  all  the  efforts  of  blocking,  clustering,  randomization,  introducing  auxiliary  variables  as  
covariates,  etc.    The  possibility  that  the  lack  of  statistically  significant  difference  is  an  artifact  of  the  experimental  
design  of  focusing  on  a  single  large  storm  should  also  be  clearly  articulated.     (Bold  text  added;  Line  32  of  
ISPR  review  response  matrix)  


PM  authors  have  maintained,  over  the  last  2  years,  that  study  design  issues  were  resolved  
when  the  response  matrix  for  the  ISPR  review  of  the  study  design  was  approved.    However,  
these  comments  by  Reviewer  1,  made  during  the  ISPR  review  of  the  final  report,  indicate  that  
study  design  issues  remain  relevant,  because  they  influence  any  interpretations  and  
conclusions  made  from  data  collected  and  analyzed  during  the  PM  study.    As  I  make  clear  in  this  
minority  report,  the  PM  report  remains  encumbered  by  significant  technical  problems,  
including  an  inadequate  study  design;  these  technical  problems  were  identified  again  in  the  
ISPR  review  of  the  final  report,  and  changes  made  to  the  PM  report  in  response  to  these  
comments  are  not  sufficient;  and  these  technical  issues  should  be  addressed,  and  remedies  
identified,  within  UPSAG  and  CMER.      


EVALUATION  OF  THE  6  CRITICAL  QUESTIONS  


Critical  Question  #1:    Are  the  Forest  Practices  Rules  effective  in  reducing  the  number  of  
management-­‐related  landslides  that  deliver  to  public  resources?  


clearcut  harvest  on  unstable  terrain  reduces  the  density  and  volum
This  hypothesis  seems  reasonable  if  one  hopes  to  mitigate  management  influences  on  slope  
stability  in  forested  watersheds.    However,  I  argue  that  several  other  factors  are  likely  to  
influence  slope  stability  as  well.    As  a  result,  I  contend  that  this  conclusion  cannot  be  supported  
by  the  information  presented  in  the  PM  report.      


The  PM  report  found  significant  differences  in  landslide  density  between  the  No  Buffer  (NB)  
treatment  and  the  Mature  (M)  treatment  (Figure  6-­‐1;  p.  76,  v.  8a).    Landslide  density  did  not  
differ  significantly  between  either  the  Full  Buffer  (FB)  and  Mature  treatments  or  the  Full  Buffer  
and  No  Buffer  treatments.    As  a  result,  the  PM  report  concluded  that  complete  buffering  has  


(p.  90,  v.  8a).      


However,  the  validity  of  either  of  these  conclusions  is  difficult  to  assess  due  to  the  nature  of  the  
PM  study  design.    First,  FFR  harvest-­‐related  unstable  slope  prescriptions  are  less  than  15  years  
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of  age,  and  are  thus  younger  in  age  than  other  prescriptions.    As  a  result,  harvest  unit  age  is  
confounded  with  the  5  treatment  prescriptions,  because  many  of  the  harvest  units  in  the  
Submature  (SM)  and  Mature  treatment  categories  were  harvested  before  FFR  prescriptions  
were  developed.    Also,  the  average  harvest  unit  age  in  the  No  Buffer  treatment  is  greater  than  
either  the  Partial  Buffer  or  Full  Buffer  treatments  (Table  5-­‐21;  p.  64,  v.  8a).    The  steep  
hydrologic  recovery  and  limited  root  strength  recovery  >  10  years  after  harvest  cited  by  PM  
authors  (p.  9,  v.  8a)  suggest  that  differences  across  the  3  young  treatments  may  have  been  a  
factor  in  study  results.  


The  inherent  problem  unequal  application  of  FFR  prescriptions  across  harvest  unit  ages  was  
noted  in  the  ISPR  review  of  the  study  design.    For  example,  David  Tarboton  (Utah  State  
University)  stated:  


I  do  not  think  that  this  (FFR  prescriptions  in  young  stands  only;  a  range  of  prescriptions  in  older  stands)  is  
controlled  for  in  the  proposed  study  and  this  is  a  shortcoming  that  needs  to  be  acknowledged  and  evaluated.  It  may  


  


Similarly,  George  Ice  (NCASI)  stated:  


How  will  the  unavoidable  age-­‐dependency  of  treatments  be  addressed?  Are  there  pre-­‐FFR  practices  for  harvest  
units  that  will  be  recent?  Will  there  be  post-­‐FFR  practices  that  will  be  the  same  age  as  the  pre-­‐treatment  practices.  
Response  within  a  window  of  20  years  is  likely  to  not  have  the  same  risk  of  failure  at  the  beginning  or  end  of  that  


  


To  allay  these  concerns,  PM  report  authors  stated  2  potential  solutions.    The  first  solution  was  
-­‐FFR  practices  where  buffers  were  left  for  watershed  analysis  prescriptions  


(~1992-­‐
particularly  for  these  <20  year  age  classes.    Exact  stand  ages  might  help  us  place  individual  
harvest  blocks  on  the  root  strength  curve  to  better  understand  different  responses,  but  these  


-­‐FFR  harvest  areas  on  the  upswing  of  the  root  strength  curve  that  
correspond  to  post-­‐   


The  first  of  these  solutions  was  clearly  infeasible  as  random  application  of  pre-­‐FFR  practices  is  
unlikely  to  have  occurred  on  the  landscape,  rendering  statistical  comparisons  invalid.    The  
second  solution  was  unlikely  to  promote  much  understanding,  because  any  results  would  have  
rested  on  hypothetical  arguments  about  root  strength,  which  was  not  measured  in  the  PM  
study.    In  addition,  as  PM  authors  noted,  any  results  from  this  type  of  analysis  would  also  have  
lacked  the  statistical  rigor  that  a  well-­‐designed  study  is  constructed  to  achieve.    


  







5  
  


That  these  proposed  solutions  were  insufficient  was  noted  by  Reviewer  1  during  the  ISPR  
review  of  the  final  report:    
  


The  co-­‐authors  made  attempt  to  find  physical  explanations  for  these  anomalies  but  did  not  consider  the  possibility  
that  such  anomalous  results  could  just  be  a  normal  outcome  of  the  random  sampling  experiment,  especially  when  
the  evaluation  is  based  on  a  single  large  storm.    
expect  PB  to  have  more  landslide  than  NB,  because  PB  should  benefit  from  having  buffers  on  some  RIL.    Although  
both  treatments  were  harvested  within  20  years  prior  to  the  study,  the  NB  sites  were  typically  harvested  earlier  
in  this  age  window,  which  may  explain  part  of  this  difference.    Another  possible  explanation  is  that  the  PB  
treatment  contained  more  unstable  terrain  as  discussed  in  Section  7.3.2  below,  though  the  inclusion  of  slope  as  


covariate  is  expected  to  account  for  the  effect     (Bold  text  added;  Line  12  of  ISPR  review  response  
matrix)  
  


the  co-­‐authors  have  decided  to  conclude  that  buffering  reduces  landslide  based  on  some  statistically  
insignificant  differences,  someone  else  reading  this  report  could  make  the  opposite  conclusion  that  buffering  is  not  
effective  in  reducing  landslide,  on  the  basis  of  statistically  insignificant  differences.    Therefore,  a  substantial  part  of  


    (Line  10  of  ISPR  review  
response  matrix)  
  
Second,  while  the  PM  study  evaluated  the  association  between  5  different  buffer  treatments  
and  landslide  density,  the  conditions  that  existed  on  the  study  landscape  prior  to  the  2007  
storm  represented  a  mixture  of  watershed  analysis  prescriptions  and  Forest  and  Fish  Rule  
prescriptions  for  riparian  zones.    As  a  result,  it  is  difficult  to  determine  how  many  landslides  
were  management-­‐related  and  the  effectiveness  of  site-­‐specific  practices.    For  example,  the  
size  and  placement  of  riparian  buffers  are  not  entirely  based  on  the  presence  of  RILs.    Also,  RILs  
were  not  mapped  across  the  study  landscape.    If  true  population  size  is  unknown,  it  is  
impossible  to  determine  whether  buffered  RILs  were  less  likely  to  fail  than  unbuffered  RILs,  
given  similarity  in  other  conditions  such  as  precipitation  and  stand  age.    Due  to  these  issues,  the  


ts  is  really  a  test  
of  the  effectiveness  of  all  buffer  types  as  they  limit  either  landslide  initiation  of  landslide  
delivery;  the  effectiveness  of  unstable  slope  buffers  to  limit  landslide  initiation  cannot  be  


(p.  10,  v.  8a).    The  PM  report  cannot  distinguish  
management  landslides  from  non-­‐management  related  landslides,  and  it  cannot  assess  the  
effectiveness  of  unstable  slope  (RIL)  buffers  specifically.      
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Critical  Question  #2:    Are  the  Forest  Practices  Rules  effective  in  reducing  the  volume  of  sediment  
that  delivers  to  public  resources  as  a  result  of  management-­‐induced  landslides?  


clearcut  harvest  on  unstable  terrain  reduces  the  density  and  volume  
This  hypothesis  seems  reasonable  if  one  hopes  to  mitigate  management  influences  on  slope  
stability  in  forested  watersheds.    However,  I  argue  that  several  other  factors  are  likely  to  
influence  slope  stability  as  well.    I  contend  that  this  conclusion  cannot  be  supported  by  the  
information  presented  in  the  PM  report.      


The  PM  report  found  significant  differences  in  initial  sediment  yield  between  the  No  Buffer  
treatment  and  both  the  Full  Buffer  and  Mature  treatments  (Table  6-­‐11;  p.  81,  v.  8a).    However,  
significant  differences  in  delivered  sediment  yield  were  only  found  between  the  No  Buffer  and  
Submature  treatments  (Table  6-­‐14;  p.  83,  v.  8a).      


Several  factors  make  the  validity  of  these  interpretations  questionable.    First,  measurements  of  
delivered  sediment  yield  were  characterized  by  a  significant  amount  of  bias  and  variation  within  
and  across  observers  (Figure  A-­‐2,  p.  A-­‐5,  Appendices  to  The  Mass  Wasting  Effectiveness  
Monitoring  Project:  A  Post-­‐Mortem  examination  of  the  landslide  response  to  the  December  
2007  storm  in  Southwestern  Washington).    If  the  sampled  data  were  inaccurate,  results  from  
statistical  tests  may  be  spurious.  At  the  very  least,  confidence  interval  coverage  for  statistical  
tests  will  be  overly  optimistic.  Either  way,  resulting  inferences  will  mischaracterize  any  
associations  between  the  5  treatments  and  sediment  delivery.    I  note  that  the  use  of  these  data  
to  conduct  statistical  analyses  and  to  make  conclusions  about  the  effectiveness  of  FFR  practices  
is  one  of  the  most  troubling  aspects  of  the  PM  report.    
  
Second,  the  different  treatments  may  have  unequal  inherent  risk  of  delivering  sediment.    For  
example,  the  Full  Buffer  treatment  has  lower  slope  gradients  on  average  than  the  other  4  
treatments  (Table  5-­‐16;  p.  65,  v.  8a).    Also,  the  Partial  Buffer  treatment  is  the  only  treatment  
that  must  have,  by  definition,  a  rule-­‐identified  landform  (RIL).    Rule-­‐identified  landforms  have  
been  identified  as  landscape  features  particularly  prone  to  landslide  events  (pp.  4-­‐5,  v.  8a).    
While  the  PM  report  attempted  to  control  for  differences  in  slope  by  including  the  effect  of  
median  slope  gradient  within  treatment  tests  (p.  74,  v.  8a),  it  remains  unclear  whether  this  
covariate  remedied  the  problem
index  fully  captured  differe (p.  96,  v.  
8a).    Similarly,  the  PM  report  did  not  map  RILs  within  the  study  area  and  assumed  that  RIL  
distribution  was  equivalent  across  the  5  treatment  types  (p.  10,  v.  8a).      


Third,  and  perhaps  most  critically,  the  PM  report  was  unable  to  identify  site-­‐specific  triggers  for  
~85%  of  the  landslides  sampled  in  the  PM  study  (see  Critical  Question  #5  below).    As  a  result,  
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any  interpretations  about  management-­‐related  influences  are  conjectural  because  no  evidence  
is  available  to  either  support  or  refute  such  interpretations.  
  
Critical  Question  #3:    Which  are  responsible  for  the  greater  proportion  of  landslides  and  
sediment  volume,  hillslopes  or  roads?  
  
The  PM  report  found  that  hillslope  landslides  delivered  the  largest  amount  (78%)  of  sediment  in  
total  (Table  7-­‐2;  p.  91,  v.  8a).    Also,  active  and  inactive  roads  delivered  the  largest  amount  (28%  
and  56%,  respectively)  of  sediment  by  unit  area  (Table  7-­‐2;  p.  91,  v.  8a).      
  
Hillslopes  occupy  the  largest  proportion  of  the  study  area,  so  the  result  that  they  contributed  
the  most  sediment  in  total  is  intuitive.    While  road-­‐related  landslides  contributed  ~4  times  as  
much  sediment  per  unit  area  as  hillslope  landslides  (p.  101,  v.  8a),  the  PM  report  notes  that  
road-­‐related  landslides  were  a  smaller  proportion  of  the  total  number  of  landslides  than  found  
in  previous  studies.      


However,  in  addition  to  the  problems  associated  with  the  measurement  of  sediment  delivery  
volume,  making  specific  statements  about  effectiveness  of  road  maintenance  practices  across  
studies  is  hampered  by  two  issues.    First,  road  maintenance  practices  have  changed  through  
time  and  may  differ  by  study  area  and  within  study  area  by  ownership.    Also,  study  regions  may  
experience  storms  of  varying  magnitude  and  frequency  (i.e.,  the  strength  of  treatment  effects  


at  render  
comparisons  difficult.    The  latter  problem  was  noted  in  the  ISPR  review  of  the  study  design  by  
David  Tarboton  (Utah  State  University):  


forest  activities  whose  effectiveness  is  being  evaluated.    This  concern  applies  to  both  roads  and  harvest  units  
prescriptions,  but  is  more  of  a  concern  with  roads  where  quite  old  substandard  or  orphaned  roads  may  be  
compared  to  much  more  recent  standard  or  mitigated  roads.    Roads  that  have  been  there  a  long  time  have  been  


  


Critical  Question  #4:    Which  harvest  unit  prescriptions  or  road  improvements  are  performing  
well?  Which  are  performing  poorly?  


The  study  design  was  not  adequate  to  evaluate  this  question.    The  PM  report  indicates  that  the  


makes  it  difficult  to  identify  which  individual  prescriptions  are  performing  well  and  which  are  
(p.  92,  v.  8a).      


The  PM  report  states  that  retention  of  buffers  on  RIL  r
(p.  92,  v.  8a)  and  concludes  that  
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i (p.  92,  v.  8a).    However,  the  PM  study  did  not  map  


decided  that  the  mapping  individual  RIL  over  the  entire  study  area  was  infeasi
In  addition,  it  is  unknown  whether  treatments  (i.e.,  retention  of  buffers  on  individual  RILs)  were  
applied  randomly  or  as  a  result  of  RIL  type  or  site-­‐specific  factors.    As  a  result,  the  effectiveness  
of  RILs  cannot  be  determined  conclusively  based  on  evidence  presented  in  the  PM  report.  


Critical  Question  #5:    What  are  the  site-­‐scale  triggering  mechanisms  for  landslides?  


Field  crews  identified  site-­‐scale  triggers  at  less  than  15%  of  the  landslide  initiation  points  
identified  in  the  study  (pp.  92-­‐93,  v.  8a).      


F


landslides  in  blocks  with  highest  precipitation  (sic;  p.  93,  v.  8a).      


In  general,  the  study  design  was  not  adequate  to  quantify  and  identify  trigger  mechanisms  at  
landslide  initiation  points.    For  example,  trigger  mechanisms  were  identified  categorically,  and  
no  numeric  measurements  were  sampled  at  landslide  initiation  points.            


Critical  Question  #6:    Do  those  triggering  mechanisms  differ  between  harvest  or  road  type?  


The  triggering  
mechanisms  (i.e.,  contributing  factors)  were  not  identified  frequently  enough  (~6%  of  all  
landslides  had  contributing  factors)  during  field  data  collection  to  allow  for  meaningful  
compari .  8a).  
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Appendix  1:    Existing  technical  issues  in  the  PM  report.    These  issues  were  raised  repeatedly  by  
Ted  Turner  (Weyerhaeuser  NR)  in  UPSAG  but  were  not  resolved  prior  to  UPSAG  advancing  the  
report  for  CMER  approval  in  April  2012.  


Page   Section   Comment  
II     


Study  Design  and  
Methods:  
Harvest  
treatment  
definitions  


  


  
Treatment  definitions  are  not  consistent.  For  example,  the  
No  Buffer  definition  states,  in  more  than  one  section  of  the  
report  (e.g.,  here  in  the  ES  and  on  pg.  22),  that  this  
treatment  included  buffers.  This  is  important,  because  it  
becomes  unclear  to  the  reader  how  it  differs  from  Partial  
Buffer.  Also,  it  needs  to  be  clear  that  the  PB  treatment  was  
the  only  one  requiring  RIL  presence  and  that  this  is  a  
potentially  confounding  design  flaw.  
  
Solution:  Clarify  the  definitions  and  include  influence  of  
strata  implementation  variability  on  interpretation  of  study  
results.  


  


III     
Results  and  
Discussion:  
Landslide  data  


  


  
Landslide  associations,  and  relevant  management  
implications,  are  for  hillslopes  and  roads  only.  It  needs  to  be  
stated  that:  (1)  debris  flows  were  a  frequent  type  of  
landslide,  (2)  landslides  were  most  frequently  associated  
with  inner  gorge  landforms,  and  (3)  the  inclusion  of  RMZs  
buffers  in  the  study  confounds  interpretations  of  potential  
management  influences.  This  is  because  an  unknown,  but  
potentially  high  number  of  identified  landslides  were  
triggered  by  fluvial  and/or  debris  flow  processes,  unrelated  
to  road  construction  practices  of  removal  of  timber  from  
steep  slopes.  
  
Solution:  Include  statement  acknowledging  confounding  
influence  of  stream-­‐proximal  landslides  on  rule  effectiveness  
and  management  implications.  


  


III     
Results  and  
Discussion:  
Slope  gradient  


  


  
No  mention  that  slope-­‐adjusted  values  do  not  directly  
address  bias  from  unequal  RIL  distribution  (based  on  
treatment  definitions  and  implementation  challenges)  or  
that  gradients  are  not  normalized.  Median  slope  is  not  a  
proxy  for  RIL  area  and  AIC  scores  for  slope  tests  were  similar.  
Limitations  and  uncertainties  must  be  clear  to  the  reader.  
No  mention  that  buffer  treatments  have  lower  slope  
gradients  (pg.  65).  From  page  65:  
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is  associated  with  lower  slope  gradients  than  any  of  the  
other  four  treatments.  It  is  therefore  possible  that  
differences  in  gradient  help  explain  differences  in  the  


  
  
Solution:  Include  clear  statement  that  treatments  are  
potentially  confounded  by  unequal  distribution  of  landslide  
prone  terrain.  


  


III   Results  and  
Discussion:  
Site-­‐level  
contributing  
factors  


This  paragraph  sounds  like  data  were  analyzed  (e.g.,  like  a  
standard  factor  of  safety  analysis),  or  direct  evidence  was  
available,  to  quantify  contributing  factors.  Should  say  that  


qualitative>  information  at  


circumstantial.  The  primary  result  here  is  that  no  significant  
management  triggers  were  associated  with  the  landslides  and  
that  management  influences  could  not  be  quantified.  
  
Solution:  Clarify  that  the  data  for  potential  management  
triggers  identified  for  (field-­‐detected)  associations  with  
landslide  sites  were  qualitative  and  data  were  inconclusive.  


   Results  and  
Discussion:  
RIL  /  non-­‐RIL  
associations  


regard  to  landslides  outside  of  RIL.  Just  report  the  data  with  
the  relevant  limitations.  The  last  sentence  regarding  non-­‐RIL  
landform  sensitivities  to  rainfall  was  not  quantified.  Non-­‐RIL  
counts  are  not  classified  by  landform  type  and  are  not  
normalized  by  area  or  rainfall  intensity.  How  many  landforms  
are  in  the  non-­‐RIL  suite  of  landforms  and  how  much  area  is  
represented  by  each  of  them?  How  many  non-­‐RIL  landslides  
were  RIL-­‐associated  landslides  (field  crews  were  not  asked  to  


-­‐RIL  
densities  both  increased  with  increasing  rainfall,  as  expected.  
This  subjective  statement  is  not  based  on  any  available  data  
and  does  not  belong  in  the  ES.  
  
Solution:  Report  specific  data  and  delete  subjective  
interpretations.  


IV   Management  
implications:  
Influence  of  
buffering  


The  first  sentence  of  the  first  paragraph  starts  with  a  general  
statement  not  based  on  statistical  significance  and  ends  with  a  
general  statement  of  statistical  significance  that  sounds  like  a  
disclaimer.  Just  state  the  specific,  statistically  significant  
results.  There  are  least  3  lines  of  evidence  that  contradict  the  
interpretation  of  results  in  this  section.  (1)  Full  Buffer  is  not  
significantly  different  than  Mature;  however,  there  is  also  no  
difference  in  landslide  density  between  Full  Buffer  and  No  
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Buffer.  These  data  indicate  that  buffering  all  regulatory  
features  versus  not  buffering  them  will  result  in  equal  landslide  
densities  on  average.  (2)  Differences  in  density  may  also  be  
explained  by  differences  in  terrain  susceptibility  to  landsliding  
(e.g.,  see  page  65  and  elsewhere  in  the  draft).  (3)  All  regulatory  
buffer  types  were  included  in  the  study,  including  RMZs.  
Landslide  associations  with  buffers  specific  to  mass  wasting  
prescriptions  are  unknown.  Therefore,  how  can  one  conclude  
that  RIL  buffers  are  effective?  The  anecdotal  comparison  to  
other  studies  is  an  interesting  armchair  discussion,  but  it  is  
confounded  by  unequal  data  and  methods  of  analysis  and  is  


correct,  to  say  that  unstable  slope  buffer  effectiveness  could  
not  be  determined  in  this  study.  
  
Solution:  Correct  the  misinterpretations  and  make  it  clear  that  
unstable  slope  buffer  effectiveness  could  not  be  determined.  


IV   Management  
implications:  
Road  management  


Current  standards  may  be  effective  at  reducing  road  slides,  but  


Harvest  versus  road  slide  proportions  were  skewed  toward  
hillslope  failures,  but  as  correctly  stated  elsewhere  in  the  
report,  this  is  very  likely  due  to  different  inventory  methods  
(e.g.,  ground-­‐based  methods  of  landslide  detection  versus  air  
photos),  and  the  fact  that  very  large  storms  have  always  
resulted  in  higher  in-­‐unit  to  road  slide  ratios.  Road  failures  
were  uncommon  outside  the  portion  of  the  study  area  
receiving  the  most  rainfall.  This  has  been  true  for  all  major  
storms  under  different  rule  packages,  so  why  not  infer  that  
insufficient  hydrologic  stress  confounds  the  interpretation  of  
improved  road  practices?  
  
Solution:  Make  it  clear  that  the  relative  road/in-­‐unit  


studies.  It  is  difficult  to  conclude,  with  high  confidence,  that  
current  road  standards  are  more  effective  in  this  study  area  
compared  to  past  practices.  


22   3.4  Harvest  
Treatment  
Delineation:  NB  
and  FB  
  


Treatment  definitions  here  need  to  be  checked  to  see  if  they  
jive  with  other  sections  of  the  report.  Because  FB  and  NB  
harvest  units  with  no  apparent  RIL  were  split  by  date  of  
planting  relative  to  2001  (weighted  average  stand  age  with  
buffers  or  harvested  area  stand  age  is  not  clear  here),  unequal  
exposure  to  landslide  producing  storms  among  the  two  
treatments  exists.  The  NB  treatment  includes  harvested  units  
exposed  to  extreme  storms  in  1996,  for  example.  This  
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confounds  interpretations  of  landscape  response  and  
management  implications  using  the  single,  2007  storm  event.  
  
Solution:  Clarify  the  definitions  and  include  influence  of  strata  
age  variability  between  FB  and  NB  treatments  on  
interpretation  of  study  results.  


23   3.4  Harvest  
Treatment  
Delineation:  Partial  
Harvest  Definition  
  


This  section  states  that  Partial  Buffer  units,  by  definition,  must  
contain  
significant  areas  within  many  harvest  units  or  forest  stands  


Regardless  of  median  slope  gradient  corrections,  which  are  not  
proxies  for  RIL  distribution,  Partial  Buffer  densities,  in  the  
absence  of  forest  management,  could  be  expected  to  be  
higher  than  the  other  treatments.  Management  implications  of  
this  unequal  inherent  risk  among  treatments  are  referred  to  
section  7.3.2;  however,  this  section  refers  to  non-­‐RIL  
landslides.  Perhaps  this  should  reference  7.3.3.  
  
Solution:  Include  terrain  variability  as  a  possible  explanation  
for  higher  landslide  densities  in  the  PB  treatment  where  
appropriate  in  the  ES  and  Discussion.  


49   5.5  Landslides  
Outside  of  RIL:  
Hypotheses  to  
explain  proportion  
of  landslides  
outside  RIL  
  


The  first  paragraph  states  that  percentage  of  landslide  in  RIL  


within  and  outside  RIL  do  not  address  relative  susceptibility,  
which  is  what  we  are  interested  in  knowing.  Landslide  
densities  by  landform  type  do.  However,  relative  susceptibility  
is  unknown  for  this  study  area  because  landform  types  outside  
of  RIL  are  not  defined  and  densities  cannot  be  determined.  
This  section  spends  considerable  time  discussing  working  
hypotheses  to  explain  the  percentage  of  landslides  outside  of  
RIL,  but  fails  to  discuss  that  percentages  are  confounded  by  
area  outside  of  RIL.  If  RIL  account  for  more  than  50%  of  the  
observed  landslides  and  RIL  area  is  represented  by  only  5-­‐10%  
of  the  study  area  (or  less),  then  non-­‐RIL  landform  area  is  very  
large  and  landslide  densities  are  therefore  very  small.  Also  not  
discussed  is  the  fact  that  the  named  RIL  were  never  meant  to  
include  all  landform  types  (or  sites  where  landslides  occur  
independent  of  slope  morphology).  Landslides  outside  RIL  are  
expected  and  landslide  densities  within  RIL  should  be  relatively  
high  which  appears  to  be  the  case  even  without  estimates  of  
density  by  landform  type.  There  is  no  argument  that  this  is  of  
interest  and  potentially  worthy  of  further  study;  however,  until  
the  data  are  normalized  by  area  among  the  suite  of  landform  
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types  outside  RIL,  the  percentages  are  not  useful  for  inference.  
Ironically,  note  that  the  next  section  of  the  report,  5.6,  
correctly  acknowledges  that  landslide  counts  by  stand  age  are  
meaningless  without  knowing  the  area  in  each  age  class.  This  is  
the  same  point  that  needs  to  be  made  here.  
  
Solution:  Note  that  percentage  of  landslides  outside  RIL  is  
meaningless  without  density  data  


56   5.7  Landslides  in  
Buffers:  
Comparison  of  
slide  size  
  


The  first  barplot  in  Figure  5-­‐13  lumps  all  shallow  landslides  in  
the  buffered,  not  buffered  comparison.  Not  sure  why  this  was  
ever  done  in  the  first  place.  Landslide  size  is  primarily  
controlled  by  landslide  type,  landform  type,  and  landform  
scale.  The  only  way  to  test  harvest  effects  on  landslide  size  is  
to  carefully  control  for  these  factors,  one  landform  at  a  time.  
Many  of  the  larger  landslides  occurred  outside  of  RIL  where  
buffer  were  not  required,  which  is  likely  why  the  data  were  
skewed  in  the  first  barplot.  Restricting  the  data  to`  landslides  
in  RIL  (mostly  inner  gorge  and  steep,  convergent  landforms  in  
this  study)  partially  gets  there,  which  is  why  the  results  are  
more  similar.  
  
Solution:  Not  a  fatal  flaw,  just  a  lot  of  explanations  without  
addressing  the  most  obvious  controlling  factors.  


65   5.8.1  Harvest  
Treatments:  Slope  
gradients  
  


Difference  in  gradient  as  shown  in  Table  5.6  (and  perhaps  
more  importantly,  variability  in  RIL  density  per  strata)  may  
explain  the  differences  in  landslide  density  in  whole  or  part,  at  
least  among  the  young  treatments.  This  needs  to  be  clear  in  
the  discussion  and  ES.  Median  slope  can  be  the  same  between  
strata  with  different  inherent  risk  based  on  RIL.  
Solution:  This  problem  is  discussed  above  in  the  ES  comments.  


66   5.8.2  Landslides  
and  
Landforms  in  the  
PB  Treatment:  
Scaling  effects  
  
  


You  need  to  discuss  the  potential  scaling  effects  of  small  
treatment  areas  for  landslide  counts  and  sediment  volumes  
normalized  to  area.  For  the  post  2001  harvest  units,  PB  was  
50%  of  the  area,  FB  was  45%,  and  NB  only  5%.  Is  it  possible  
that  one  or  two  anomalously  large  landslides  in  NB  can  skew  
the  sediment  volumes  while  at  the  same  time  densities  are  not  
significantly  different?  You  can  reference  Miller  and  Burnett  
(2007)  for  this.  
  
Solution:  Address  potential  scaling  bias  of  densities  and  
volumes  due  to  small  areas  using  available  data  from  the  
literature  
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Minority  Report  Concerning  the  Technical  Acceptability  of  Post  Mortem  Version  8a  
Douglas  Martin,  May  15,  2012  
  
Overall  Conclusion  
The  Post  Mortem  (PM)  Version  8a  is  technically  not  acceptable  for  CMER  approval  because  of  
inadequate  responses  by  the  co-­‐authors  to     and  the  
ISPR  Associate  Editor  (AE).    Below  I  summarize  my  evaluation  of  the  PM  response  to  two  substantive  
concerns  that  were  identified  in  the  Conclusion  section  of  the  AE  report.    
  
  
Substantive  Concern  1     the  conclusions  do  not  follow  logically  from  the  results  
  
The  AE   Do  the  stated  conclusions  logically  flow  from  the  
results the  following  conclusion:  


a  number  of  substantive  concerns  are  raised  on  the  matter  of  whether  the  research  
method  and  associated  statistical  analyses  are  followed  appropriately  and,  therefore,  whether  
the  data  were  reasonably  interpreted.  As  a  consequence,  there  is  concern  that  some  of  the  
conclusions  do  not  follow  logically  from  the  results.   


  
Version  8a  addressed  some  AE  concerns;  however  the  revision  still  includes  questionable  interpretations  
and  conclusions  that  are  not  supported  by  the  study  results.  The  study  results  for  the  harvest-­‐related  
landslides  are  reported  in  Sections  6.1  and  6.2  where  the  statistical  findings  are:  the  Full  Buffer  
treatment  had  a  landslide  density  that  was  intermediate  to  Mature  and  No  Buffer,  but  not  statistically  
different  from  either.  In  contrast,  the  Full  Buffer  and  Mature  had  delivered  sediment  volumes  that  were  
not  statistically  different,  but  were  statistically  smaller  than  the  No  Buffer  treatment.  These  results  
clearly  show  a  differential  response  between  landslide  density  and  volume  to  the  harvest  treatments.    
Accordingly,  in  the  Discussion  of  these  findings  in  Section  7.1,  the  co-­‐authors  state  a  reasonable  
conclusion   This  indicates  that  complete  buffering  is  effective  at  reducing  sediment  volumes,  
but  has  an  indeterminate  effect  on  landslide  density   However,  these  findings  and  associated  facts  are  
variously  interpreted  and  are  not  consistent  with  several  conclusions  that  are  reported  in  the  Executive  
Summary  (ES)  and  in  other  subsections  of  the  Discussion.    
  
First,  in  the  ES  (p.V,  par.  2)  it  is  stated  that   study  results  support  the  hypothesis  that  the  avoidance  
of  clearcut  harvest  on  unstable  terrain  reduces  the  density  and  volume  of  landslides   This  statement  
implies  that  both  density  and  volume  responded  similarly  among  treatments  even  though  the  facts  
indicated  otherwise.    Following  their  conclusion,  the  co-­‐authors  present  a  subjective  and  confusing  
explanation  as  the  basis  for  their  interpretations,  and  completely  ignore  the  statistical-­‐based  findings  
that  were  reported  in  Section  6.0  and  in  the  Results  section  of  the  ES.      
  
Second,  in  the  ES  and  in  Discussion  Section  7.2.5,  the  co-­‐authors  present  another  interpretation  for  
hillslope  landslides  that  is  based  on  a  qualitative  comparison  of  landslide  density  response  by  age  group  
between  this  study  and  Turner  et  al.  (2010).  They  reported   This  finding  lends  further  credence  to  
the  hypothesis  that  RIL  buffers  reduce  landslide  density    Interpreted  in  
this  manner,  our  results  suggest  that  the  buffer  treatments  have  reduced  landslide  densities  in  
comparison  to  past  management  practices. Such  conclusions  are  speculative  and  misleading  because  
they  are  based  on  a  non-­‐statistical  observation  of  landslide  response  patterns  between  two  studies  with  
different  sample  units  (i.e.,  landslides  versus  treatment  polygons)  and  different  data  collection  methods.    
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Furthermore,  it  is  illogical  to  substitute  the  quantitative  findings  of  this  study  (i.e.,  FB  had  no  significant  
effect  on  landslide  density)  with  a  qualitative  observation?                
  
Third,  the  ES  presents  contrasting  interpretations  that  confuse  the  reader  about  what  is  fact  and  what  is  
speculation  in  this  report.  For  example,  in  the  third  paragraph  of  the  ES,  the  co-­‐authors  discuss  how  the  
findings  indicate  that  the  landslide  performance  targets  may  not  be  met.    Here,  they  use  the  study  


statistically  significant  differences  in  landslide  density  for  the  Full  Buffer  treatment.  Based  on  this  
finding,  it  is  not  clear  that  the  magnitude  of  the  reduction  in  landslide  densities  associated  with  


In  this  case  the  lack  
of  a  statistical  significant  differences  in  landslide  density  is  used  as  the  basis  for  the  co-­‐authors  to  
appropriately  question  the  Full  Buffer  effectiveness,  yet  this  fact  is  ignored  in  the  topic  sentence  of  the  
same  paragraph  (p.V,  par.  3)  where  they  state  
landslide  density  and  sediment  volume,  it  is  not  clear  that  existing  performance  targets  for  hillslope  


  Note,  the  discrepancy  between  how  the  facts  are  used,  and  not  used,  to  
formulate  the  different  conclusions.      
  
The  preceding  examples  demonstrate  some  of  the  inconsistencies  with  interpretation  of  data  and  the  
formulation  of  conclusions  in  Version  8a.  Both  the  ES  and  the  Discussion  section  contain  a  number  of  
technical  inconsistencies.  The  ISPR  identified  similar  interpretation  inconsistencies  in  Versions  7a  and  
the  AE  highlighted  this  concern  by  quoting  Reviewer  #1  with  the  statement  
conclusions  cannot  be  supported  by  the  results...  because  the  results  of  the  statistical  tests  of  


      
  
  
Substantive  Concern  2  -­‐  uncertainties  and  limitations  of  study  design  are  not  fully  addressed  
  
The  AE  identified  several  concerns  by  the  ISPR  about  the  study  design  shortcomings  and  recommended  
that  the  uncertainties  and  limitations  be  more  fully  addressed.  These  concerns  were  captured  in  the  AE  
statement:    


These  collective  shortcomings  are  attributed  in  part  to  the  study  design,  and  in  part  to  the  
belief  that  the  spatial  temporal  impact  of  the  very  large  the  storm  of  December  2-­‐3,  2007  may  
have  obscured  subtle  differences  between  forest  prescriptions  at  the  harvest-­‐unit  scale  and  
between  different  road  types  at  the  road-­‐segment  scale   


  
Recognition  of  the  study  limitations  is  important  for  understanding  and  interpreting  the  study  results.  
About  this  concern,  the  AE  referenced  Reviewer  #1  and  #2  concerns  about  the  reasonableness  of  the  
PM  conclusions  given  the  study  limitations.  In  particular,  Reviewer  #1  stated:      


  have  caused  the  
lack  of  statistical  significance  between  various  treatments  have  been  overlooked,   


and  Reviewer  #  2  stated:  
It  may  be  implied  the  reasonableness  of  the  conclusions  is  founded  on  subjective  expectation.   


  
The  Discussion  in  Version  8a  addresses  some  uncertainties  and  limitations  of  the  study,  but  some  key  
concerns  remain  overlooked.  Also,  there  is  a  prevailing  tendency  in  the  discussion  to  minimize  the  
potential  effects  of  confounding  factors  on  the  study  findings.    
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A  key  concern  is  the  absence  of  discussion  about  the  reliability  of  measuring  landslide  density  and  
volume  and  how  variability  in  these  metrics  may  have  influenced  the  statistical  analyses  and  study  
conclusions.  The  AE  noted  this  concern  with  the  comment:  


Reviewer  #2  raises  some  concern  for  greater  recognition  of  uncertainties  arising  from  the  
skewed  nature  of  the  landslide  dataset   


This  concern  is  particularly  relevant  to  the  estimate  of  landslide  volume  which  was  found  to  have  
considerable  measurement  error  (QA/QC  Report).  Overlooking  the  volume  issue  raises  concern  about  
the  validity  of  the  statistical  findings  (i.e.,  FB  and  M  had  delivered  sediment  volumes  that  were  not  
statistically  different,  but  were  statistically  smaller  than  the  No  Buffer  treatment)  and  PM  conclusions  
about  the  effectiveness  of  the  FB  to  reduce  landslide  sediment  volume.          
  
A  major  element  of  the  study  design  is  the  assumption  that  spatial  variability  of  external  factors  
affecting  landslide  occurrence  was  controlled  by  the  blocking  approach.  The  PM  Section  7.2.2  recognizes  
a  number  of  physical  factors  (i.e.,  hydrology,  root  strength,  soil  conditions,  and  topography)  could  affect  
landslide  susceptibility,  but  discounts  these  concerns  based  on  the  assumptions  that   conditions  within  
blocks  are  homogeneous  relative  to  the  variability  seen  across  blocks   and  that   the  treatments  are  
quasi-­‐randomly  distributed  within  blocks.   No  facts,  only  generalizations,  are  given  about  the  
distribution  of  key  physical  factors  to  support  or  validate  the  homogeny  assumption,  and  no  information  
is  given  to  support  the  claim  about  treatment  distribution.    Existing  information  about  certain  physical  
factors  could  have  been  evaluated  and  the  treatment  mapping  (Appendix  D)  could  have  informed  these  
assumptions.    Unfortunately,  the  co-­‐authors  dismiss  the  spatial  variability  concerns  with  the  statement  
we  believe  that  the  blocking  approach  was  reasonably  effective  at  controlling  large  scale  spatial  
variation  in  factors  like  precipitation,  species  composition,  soils,  and  geology  which  may  have  affected  
the  landslide  response.       Given  such  
can  be  supported.  
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Appendix B: Authors’ responses to Minority reports


The next 12 pages contain the authors responses to the minority reports.
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The Mass Wasting Effectiveness Monitoring Project 
Co-author responses to issues raised in the minority reports 


Gregory Stewart, Ph.D. – Geomorphologist, CMER staff 
Julie Dieu, Ph.D., L.E.G. – Geologist, Rayonier Forest Resources 
Jeff Phillips, M.S. – Geomorphologist, Skagit River System Cooperative 
Curt Veldhuisen, M.S., L.E.G. – Hydrologist, Skagit River System Cooperative 
Matt O’Connor, Ph.D., L.E.G.1 – Geomorphologist, O’Connor Environmental 
 


This report summarizes the authors’ technical response to the minority reports provided on the 
Mass Wasting Effectiveness Monitoring Report (Version 8a). We begin by highlighting several 
key points that serve as background to our position, and conclude with responses to each of the 
issues raised in the three minority reports. 


1. The study design was carefully chosen after evaluating other options and was 
determined to be a sound design by the ISPR. This study went through a scoping process 
that involved selecting a single study approach from a number of options.  Based on the 
questions that were asked of us, we decided to focus on the landslide response after a high-
magnitude storm in order to have an adequate population of landslides for statistical analysis. 
We also concluded that it was important to evaluate each landslide in the field (not using 
photos) to minimize detection bias and have confidence in trigger information. We chose a 
randomized block design to control for spatial variability because we knew there would be 
many factors that would affect landslide rates such as precipitation intensity, soil depth and 
topography, etc. Harvest and road treatments were identified to represent categories of forest 
practices known to be present on the landscape, and the data gathered were widely available 
or within the scope of the project to collect. The technical merits of many alternatives were 
discussed in detail and all of the alternatives have significant limitations; most are infeasible 
or outside the scope of this study’s objectives.   


2. The authors designed and conducted this major project while following procedural 
requirements inherent to a publically-funded, time-sensitive project in the multi-
stakeholder CMER environment.  UPSAG followed every step of the CMER process for 
all phases of the Post Mortem project.  This was necessary to accommodate input in a 
manner that was both timely and equitable to all reviewers. The authors have entertained and 
responded to extensive input, much of it being raised well after the appropriate stage which 
has delayed completion.   


3. The authors made extensive efforts to understand and incorporate comments from a 
large number of reviewers.  The authors submitted drafts to UPSAG (2010), CMER (2010), 


                                                 
1 Dr. O’Connor was involved in study implementation and writing of the initial drafts, but did not participate in the drafting of 
this response.   
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and ISPR (2011) for review and comment and made significant revisions to the report based 
on the comments received. After each review, the revised draft went through a subsequent 
review to determine whether the comments had been addressed. We had abundant input from 
Dr. Kroll’s colleagues at Weyerhaeuser, and relocated numerous UPSAG meetings to their 
offices to facilitate the attendance of Ted Turner and statistician Steve Duke.  Initially, their 
comments improved the clarity of the report and strengthened our documentation of various 
uncertainties.  At this point, the authors contend that Version 8a discusses and explores 
uncertainties to a greater extent than any CMER report we are familiar with.  We feel the 
report is sufficiently transparent that readers can see the potential uncertainties and judge the 
bases for all management conclusions.     


4. Based on our extensive interaction with Dr. Kroll, Dr. Martin and Ms. Lingley, the 
authors are not convinced that further dialogue is likely to be productive.  Despite 
efforts over the last three years to understand and s reviewers, we appear no closer to 
resolution.  The authors would like nothing more than to complete this report and provide the 
most value to policy makers, but we do not see a path forward with respect to issues raised. 


 


AJ Kroll, Ph.D. – Wildlife biologist, Weyerhaeuser 


Kroll: “The PM report includes contradictory conclusions” 


Dr. Kroll lists two sets of statements to support his argument that the report includes 
contradictory conclusions. The authors believe these statements are not contradictory when 
viewed in context. 


In the first example, he cites from the Exec Summary “The Study results support the hypothesis 
that the avoidance of clearcut harvest on unstable terrain reduces the density and volume of 
landslides” and from the response to Critical Question 1 in the Discussion, “This indicates that 
complete buffering is effective at reducing sediment volumes, but has an indeterminate effect on 
landslide density.” There is nothing contradictory about these statements when taken in context. 
The paragraph in the Discussion Section (p. 90) reads: 


 “These findings indicate that harvest without buffers (i.e., No Buffer) resulted in a larger number of 
delivering landslides and greater volume of sediment delivery than would be expected in Mature forest. In 
contrast, Full Buffer resulted in a landslide volume that was similar to Mature, but a density that was not 
statistically different than No Buffer or Mature. This indicates that complete buffering is effective at reducing 
sediment volumes, but has an indeterminate effect on landslide density. All these comparisons are subject to 
the interpretation issues noted in Section 7.2.” (Emphasis added)  
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Section 7.2 describes study limitations and factors affecting interpretation of the results. The 
section includes a discussion of factors that vary with stand age (e.g., root strength and 
hydrology that affects the interpretation of the results (Section 7.2.4 p. 96-98) and provides an 
additional analysis (Section 7.2.5, p. 99-100) which supports the hypothesis that buffers reduce 
landslide density (as well as volume).   


The first sentence drawn from the Exec Summary is the topic sentence for a paragraph that 
describes (in summary) how we came to our conclusions regarding the effect of buffers on 
landslide density.  The paragraph of the Exec Summary that contains the cited sentence reads:   


The study results support the hypothesis that the avoidance of clearcut harvest on unstable terrain reduces 
the density and volume of landslides. This interpretation is based on the comparison of landslide density in 
harvested areas with fully buffered and unbuffered RIL against areas of Mature forest, which serves as a 
control. As expected, harvest units in which RIL were clearcut (i.e., No Buffer) had significantly higher 
landslide densities and volumes than Mature forest, which confirms that harvest without RIL buffers 
increases resource impacts. In contrast, landslides in the Full Buffer treatment had a smaller overall volume 
and delivered less sediment than treatments in which the RIL were clearcut harvested. Interestingly, 
landslides densities in the Full Buffer and No Buffer treatments were not statistically different from each 
other. However, mean landslide densities in the Full Buffer treatment were closer to those found in Mature 
forest than the No Buffer treatment. As described in the report, there are several factors including changes in 
hydrology and root strength that appear to affect slope stability following harvest; and some of these factors 
create differences in slope stability that appear to vary with stand age. In a non-statistical analysis of 
densities among the five harvest treatments, in which each treatment is compared against expected density in 
the absence of buffering, stands with RIL buffers appear to have exhibited smaller increases in landslide 
density over those observed in mature forest than was observed in stands of similar ages where buffer 
influence was not included. This finding lends further credence to the hypothesis that RIL buffers reduce 
landslide density. 


The second set of sentences that Dr. Kroll suggests are contradictory are: “This finding lends 
further credence to the hypothesis that RIL buffers reduce landslide density” (last sentence in the 
Exec Summary paragraph shown above), and from the discussion “In part, because RIL buffers 
could not be distinguished from riparian or other buffers during treatment delineation, the study 
tested the combined effectiveness of all types of buffers at reducing landslide initiation and 
sediment delivery.”  The sentence describing RIL buffers states that the data support the 
hypothesis that RIL buffers reduce landslide density, but we clearly indicate that there may be 
mature trees in riparian areas of all the treatments and state that we are actually testing total 
buffer effectiveness. From the Exec Summary (p. IV-V): 


All buffers, regardless of the reason for which they were left, are included in the treatments, and all 
delivering landslides, whether initiating in RIL buffers, other buffers or just within the general harvested 
area or stand, are included in the analyses. This means that RIL buffer effectiveness is not directly 
quantified, but that total buffer effectiveness, which may include other mitigating processes such as increased 
LWD delivery and decreased landslide delivery, was tested. 


From the discussion (p. 89-90): 
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This study attempted to test the effectiveness of the most common harvest strategy for reducing landslides, 
which is to leave forested areas, called buffers, on all RIL located within or adjacent to harvest areas. In 
part, because RIL buffers could not be distinguished from riparian or other buffers during treatment 
delineation, the study tested the combined effectiveness of all types of buffers at reducing landslide initiation 
and sediment delivery. Although harvest within RIL can be performed following SEPA review in some cases, 
this study did not attempt to evaluate the effectiveness of this type of harvest activity, as it was considered to 
be infeasible at the broad geographic scale of this study. Thus, the Full Buffer treatment is viewed as most 
closely approximating the current regulatory approach. 


As in the first case, it is clear that the statements are not contradictory when taken in context. In 
the authors’ opinion, no changes need to be made to the document in response to these examples 
of “contradictory” statements. 


Kroll: “ISPR reviewer 1 noted that in the previous draft, “process weaknesses or inadequacies in 
the experimental design that may have caused the lack of statistical significant between various 
treatments may have been overlooked” and that the decision regarding differences in landslide 
response between treatments should be based on whether the differences were statistically 
significant.” 


As noted by Dr. Kroll, this issue was identified in the ISPR review matrix and our response was 
that “we agree that Section 7.1 should be re-written to further separate the statistical findings and 
our discussion of factors that may or may not have influenced those findings, especially as they 
relate to the statistical design.” The section was re-written between drafts 7 and 8 per the CMER-
approved response matrix. In the latest draft, we clearly state the results based on their statistical 
significance, and then highlight important issues that have bearing on those tests (Section 7.2 
Limitations and factors affecting interpretation of results, p. 93-101).  


It is not clear to the authors that anything in the current draft (v8a) needs to be changed to 
address this issue. 


Kroll: “Generally, I contend that the PM report is burdened by two substantial and interrelated 
problems that the PM authors appear to be unwilling to address or remedy: an inadequate study 
design and the incorrect interpretation of statistical findings.” “The inadequate study design 
implementation by the PM study is a long-standing, contentious issue that has been raised by 
numerous reviewers during the development of 8 versions of the report.” “Comments made by 
ISPR Reviewer 1 indicate that the study design issues remain relevant because they influence 
any interpretations and conclusions made from [the] data.”  


Contention that the study design is inadequate 


As noted above, we disagree that the study design is inadequate and that it has been a long-
standing contentious issue. Dr. Kroll is correct in that numerous reviewers have commented on 
potential limitations to the study design and results over the years; these are discussed in detail in 
the report. However, many reviewers have noted that other potential alternatives may not be 
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feasible or appropriate to resolve the questions we were tasked to answer. In fact, the contention 
that the study design is inadequate is limited to these minority opinion reports and previous 
comments from the same reviewers; many other reviewers including two sets of ISP reviewers 
have not criticized the fundamental design. There are several areas of disagreement between the 
authors and Dr. Kroll regarding the strengths and weaknesses of design alternatives the details of 
which are discussed in subsequent sections.  


Inappropriate citation of Reviewer 1 ISPR comments  


Dr. Kroll is attempting to employ a statement by Reviewer 1 to inappropriately support his own 
contentions.  Reviewer 1’s comment on this topic is “The co-authors are to be commended for 
a thorough sampling and analytical design (conventional statistics).” (page 1, bullet #1).  
ISPR reviewer 1’s primary issue with the study design was that it focused on landslide density 
following a single storm event as opposed to evaluating changes in the frequency of landslide 
occurrence through time. Evaluating landslide occurrence through time was never within the 
scope of the study because it is not as feasible for landslide studies as it is for hydrologic studies. 
In section 2.5 on design limitations (p. 15) we state that “the study was limited to evaluating the 
spatial density of landslide response to a single large storm rather than the temporal frequency 
of landslides to storms of varying intensity.”  We go on to explain why a frequency approach was 
not incorporated in the study design, namely that a frequency distribution framework is “not 
feasible for field-based landslide studies […] because of the long duration between landslide 
events and the spatial variability in landslide response.” It was never within the scope of this 
study and does not represent a technical review of the relative merits of this study design. ISPR 
reviewer 1 clearly would have preferred a study focusing on changes in landslide frequency but 
does acknowledge that the frequency-based method does not meet our research needs and that a 
discussion of limitations, which we have done, is sufficient remedy. 


From reviewer #1, page 8, last full P:  


"Although I understand that a frequency distribution framework is not feasible for the 
experimental design and kind of data collected in the ISPR study, the implication of not 
invoking the dimension of frequency and not pairing by equal frequency on the results 
and conclusions of this study should be discussed, especially in light of the more recent 
literature." 


Aside from the single-storm issue, none of the ISPR reviewers took issue with our 
implementation of the CMER approved study design.   


Contention of incorrect interpretation of statistical findings 


We strongly disagree with Dr. Kroll that we are incorrectly interpreting our statistical findings. 
ISPR reviewers did comment that we should further separate the statistical results and our 
discussion of factors that may or may not have influenced those results, which was done per the 
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ISPR comment matrix.  Aside from those edits already made, it is not clear that any additional 
edits are needed to address issues raised by ISPR. The authors believe statistical findings are 
clearly stated in the current draft.  


Kroll: “Changes made in response to ISPR comments are not sufficient.” 


While Dr. Kroll may feel that the changes made in response to ISPR comments are not sufficient, 
this is a matter of judgment and the authors and the majority of CMER reviewers disagree with 
him. As stated above, the authors have attempted to respond to the requests of all UPSAG, 
CMER and ISPR reviewers. Where there are study limitations, they have been noted.  In fact, the 
Executive Summary discussion starts with limitations of the study and almost half of the pages in 
the Discussion are dedicated to potential limitations and factors that could be affecting 
interpretation of results.   


For reasons discussed above, the authors are satisfied with the current report. To retroactively 
change the study design, incorporate data that were not collected, make subjective changes to the 
data set (e.g., eliminate non-RIL RMZ landslides from the study) or make misleading statistical 
statements (e.g., stating that because the Full Buffer treatment is not statistically distinguishable 
from the No Buffer and Mature treatments, it is equal to both) would be inappropriate and 
unacceptable to us.    


Kroll: Evaluation of Critical Question 1 (see Kroll minority report) 


In this section of his comments, Dr. Kroll largely summarizes what is already included in the 
report.  As noted above, the current draft includes a large section on limitations and other factors 
that could have affected the results (Section 7-2, p.93-101). This section was significantly 
expanded based on comments received in the ISPR review. As noted in the report, there are 
issues other than management that affect landslide occurrence (which is why we used a block 
design), and that the ANOVA used to compare harvest treatments cannot account for effects 
associated with differences in stand age. The report already includes sections that address these 
issues in detail (see Section 7.2 on Limitations and factors affecting interpretation of results - p. 
93-101).   


Dr. Kroll correctly notes that we cannot distinguish landslides into ‘management’ or ‘non-
management’ bins in any given treatment. In fact, most landslides are thought to have multiple 
triggers which may be a mix of natural occurrences and management influences. As some 
triggers are difficult or impossible to identify, and as it takes a tremendous effort to 
quantitatively assess different influences (usually only done for large, deep-seated features that 
are moving slowly), the notion that there are “management” and “non-management” landslides is 
a fallacy. Our fundamental inability to identify every landslide trigger and determine factors 
influencing its initiation was, in fact, a key driver for the choice of study design. In the study 







7 
 


design that was chosen, 0-20 year old treatments are delineated by the degree of RIL buffering 
(management action of primary interest) and these are compared against older stands which are 
expected to have little management influence. It is assumed that other “natural” landslide triggers 
are evenly distributed and do not confound the results.  


Given the extensive discussions of study limitations in the draft version 8a, it is not clear that 
anything further needs to be changed.   


Kroll: Evaluation of Critical Question 2 (see Kroll minority report) 


Dr. Kroll copied the critical question and first paragraph from his CQ 1 review (Critical Question 
2 is: “Is the greatest proportion of landslide delivery from harvest units or roads?”).  As above, 
there do not appear to be any specific issues around which we could develop edits.  


Dr. Kroll asserts that statistical analyses of delivery volume estimates from 10 of the largest 
landslides exhibited considerable variability among observers. Variability introduced into 
treatments can cause there to be spurious results if there is an inherent bias, but unbiased error 
contributes to the model error and simply makes it harder to detect differences in treatments. We 
acknowledge that the delivered volume estimates displayed large observer variability (Exec 
Summary p. III, Results p. 36) but also that the findings are consistent with those for initial 
volume (Discussion table 7-1, p. 90) which is expected to exhibit less variability because it does 
not incorporate sediment gains and losses along landslide runouts, which requires much greater 
observer judgment.  Initial volume is included because it was also part of the CMER-approved 
study design and its use reduces reliance on estimates of sediment delivery (see section 5.2 on 
Landslide process, volumes and sediment delivery).  As elsewhere in Dr. Kroll’s review, the 
authors’ attempts to openly remedy and acknowledge uncertainty in the writing are then used as 
an avenue for attack. 


In his 4th paragraph, Dr. Kroll notes that the differences in slope gradients among various harvest 
treatments may be confounding results.  Of course, any field study will inevitably have 
differences among treatment sites being compared, which is why the authors included Table 5-16 
and accounted for slope as a covariate in the statistical analysis.  Slope was a significant 
covariate in all the hillslope landslide models and the model of landslide density for all five 
treatments (r2 of 0.95 between observed and predicted landslide density).  Dr. Kroll goes on to 
note that Partial Buffer treatment is the only treatment that must have, by definition, a rule-
identified landform. Study authors investigated this concern and described findings in detail in 
Section 7.2.3 (p. 96).  In addition to the slope correction, the authors shifted their emphasis to 
that of critical treatments, which do not include Partial Buffer, in the statistical evaluation of 
buffer effectiveness.   


In his last paragraph, Dr. Kroll takes a separate finding out of context and states that “any 
interpretations about management-related influences are conjectural because no evidence is 
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available to either support or refute such interpretations.”  At no point in the report do we attempt 
to relate site specific triggers to overall differences in landslide density and volume.  As 
described throughout the report, management influences are collectively evaluated in terms of 
differences in landslide response among the five road and harvest treatments. 


Kroll: Evaluation of Critical Question 3 (see Kroll minority report) 


In this section, Dr. Kroll appears to be referencing Critical Question 2, which is: “Is the greatest 
proportion of landslide delivery from harvest units or roads?”  This is a relatively clear question 
that is answered in a straightforward manner in the report.  


Dr. Kroll cites a concern regarding temporal dependence among road treatments. We address 
issues of temporal dependence among the three critical road treatments which are all relatively 
modern (Section 7.2.6., p. 100-101) as well as other issues related to comparisons among road 
and harvest treatments (Section 7.3.1, p. 101-103). The block design provides assurance that the 
roads being compared within a block are of similar age and underwent a similar storm history. 


Kroll: Evaluation of Critical Question 4 (see Kroll minority report) 


As noted in his comments, we clearly state that the study design makes it difficult to identify 
which individual prescriptions are performing well and which are performing poorly.   


In his second paragraph, Dr. Kroll takes a part of a sentence out of context in an attempt to make 
it appear that we have said something we have not.  In his minority report, Dr. Kroll states that 
we conclude that the effectiveness of RIL buffering is greatest when all RIL are buffered and 
states that “the effectiveness of RILs cannot be determined conclusively based on evidence 
presented in the PM report.”  At no point do we state the study has conclusively determined 
anything with respect to the effectiveness of RIL. In fact, we state that the study results are 
inconclusive with respect to the effectiveness of RIL. The paragraph in question, when read in 
entirety, already acknowledges Dr. Krolls point: 


As discussed in response to Critical Question 1, retaining buffers on RIL was found to reduce the volume of 
sediment delivered to public resources and it also increased the probability that landslides would deliver 
beneficial woody debris to streams (Figure 5-14). Still, a substantial number of landslides originated within 
buffers and mature forests, indicating that forest cover does not entirely prevent landslides in a large storm 
event. As discussed in Section 7.2.5, although inconclusive, there is evidence to suggest that the effectiveness 
of RIL buffering is greatest when all RIL are buffered, yet we found that many RIL had been clearcut 
harvested since 2001 (Section 5.2.8). This indicates possible implementation difficulties with RIL 
identification and/or buffer implementation, as discussed further in Section 7.3.3. A potentially useful study 
would be to determine the relative effectiveness of buffers among the RIL landforms (Appendix B.6). 
(Emphasis added). 
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In the report, we acknowledge that we could not use RIL as the experimental unit and that we are 
testing total buffer effectiveness. Treatments were, however, delineated in terms of the degree of 
RIL buffering and the results (and peer-reviewed literature) are entirely consistent with the 
hypothesis that the effectiveness of RIL buffering is likely to be greatest when all RIL are 
buffered. It is not clear that anything needs to be changed in the current draft.   


Kroll: Evaluation of Critical Question 5 (see Kroll minority report) 


Dr. Kroll complains that the study design wasn’t adequate to determine triggers for most 
landslides; in fact, this is not a mechanistic landslide study and there was no attempt to identify 
or relatively quantify potential triggers of each landslide. The evaluation of triggers was limited 
to the recording of visible, management-related triggers as listed in the field manual, and a 
separate QA/QC group of WDNR foresters and geologists largely supported the findings of the 
field crews.  In addition, Dr. Kroll’s assertion that “…no numeric measurements were sampled at 
landslide initiation points...” is inaccurate, since slope gradient, tree age, and initial landslide 
dimensions were all recorded. 


We are surprised by the basic (but sound) finding, which is that not many landslides had a 
visible, management-related trigger. Dr. Kroll and other reviewers have questioned this shortage 
of triggers, perhaps because their empirical knowledge tells them that many landslides do have 
an observable management-related trigger. We reasonably hypothesize that this appears to be a 
positive result (CQ 4, p. 92-93).  


Kroll: Evaluation of Critical Question 6 (see Kroll memo) 


Again, it is not clear what Dr. Kroll’s issue is, aside from drawing attention to a shortcoming of 
this study that is already clearly acknowledged. Given the data we have, there weren’t enough 
triggers identified to make meaningful comparisons between road and harvest categories. 


In summary, based on his assessment of the critical questions, Dr. Kroll’s preference appears to 
be for the authors to conclude that the study was not able to address any questions successfully 
and leave it at that.  The authors feel strongly that this would be a severe overreaction and that 
the extensive exploration of results and uncertainties provided in Version 8a is far more 
appropriate. 


Kroll: Kroll Appendix 1 issues 


The authors have already responded to each of these issues. They were largely either resolved in 
edits to the last draft, or are study design issues that the authors have no control over. Readers 
can consult the ‘UPSAG Turner PM non consensus document’ that went out with the CMER 
mailing on 4/17/2012 for complete details.  
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Douglas Martin, Ph.D. – Fisheries Scientist, Martin Environmental 


Martin: Concern 1 – the conclusions do not follow logically from the results 


In this section, Dr. Martin focuses on two paragraphs of the Executive Summary (shown below), 
and indicates that our conclusions do not follow from the results because we reference both 
statistical findings and non-statistical findings in the Executive Summary.   


In response, we would like to point out that we are careful to qualify each of our statements and 
to identify what information is being used as the basis for the statement. An evaluation of a 
complex issue like this often requires the use of both quantitative (e.g., statistical) and qualitative 
information, including other peer reviewed literature, to arrive at conclusions which are 
consistent with the evidence.  The two paragraphs read:  


The study results support the hypothesis that the avoidance of clearcut harvest on unstable terrain reduces 
the density and volume of landslides. This interpretation is based on the comparison of landslide density in 
harvested areas with fully buffered and unbuffered RIL against areas of Mature forest, which serves as a 
control. As expected, harvest units in which RIL were clearcut (i.e., No Buffer) had significantly higher 
landslide densities and volumes than Mature forest, which confirms that harvest without RIL buffers 
increases resource impacts. In contrast, landslides in the Full Buffer treatment had a smaller overall volume 
and delivered less sediment than treatments in which the RIL were clearcut harvested. Interestingly, 
landslides densities in the Full Buffer and No Buffer treatments were not statistically different from each 
other. However, mean landslide densities in the Full Buffer treatment were closer to those found in Mature 
forest than the No Buffer treatment. As described in the report, there are several factors including changes in 
hydrology and root strength that appear to affect slope stability following harvest; and some of these factors 
create differences in slope stability that appear to vary with stand age. In a non-statistical analysis of 
densities among the five harvest treatments, in which each treatment is compared against expected density in 
the absence of buffering, stands with RIL buffers appear to have exhibited smaller increases in landslide 
density over those observed in mature forest than was observed in stands of similar ages where buffer 
influence was not included. This finding lends further credence to the hypothesis that RIL buffers reduce 
landslide density. 


Although we conclude that buffers likely reduce landslide density and sediment volume, it is not clear that 
existing performance targets for hillslope landslides are being met. The performance target for harvest-
related landslides under the current Forest Practices Rules indicates that new harvest should result in 
virtually no additional landslides triggered by harvest on high risk sites. Three findings raise the question of 
whether the performance targets are, or will, be met. The first is the lack of statistically significant 
differences in landslide density for the Full Buffer treatment. Based on this finding, it is not clear that the 
magnitude of the reduction in landslide densities associated with buffering of currently regulated RIL is 
sufficient for meeting performance targets. Second, it was observed that 47 landslides initiated on named RIL 
that were harvested under current rules and subsequently delivered to public resources. As discussed in the 
report, there are a number of possible reasons for recent clearcut harvest of RIL. Finally, it was found that 
the Partial Harvest treatment, which included some but not complete buffering of RIL, had significantly 
greater landslide densities than Mature forest when hit with a large storm event 4-7 years after harvest. 
Further work will be required to determine whether stands with full buffering of RIL can be expected to meet 
performance targets if hit by a large magnitude storm at a time when hydrologic and root strength effects are 
expected to elevate instability. 
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This text was completely re-written following the ISPR review and is consistent with the changes 
made in response to ISPR reviewer comments.  To be clear, a failure to reject the null hypothesis 
in a statistical test may result from any of the following: 1) a type II error, 2) insensitive or 
inappropriate measurements, and additional variables being confounded with the variable of 
interest, and 3) too small of a sample size. It is neither unreasonable, nor misleading, to provide 
ancillary information which provide insight into an issue even though the results of a statistical 
test are inconclusive. This is reflected in ISPR reviewer 2’s summary comment on version 7: 
“There is a good balance between drawing conclusions from the definitive results of the 
statistical analysis, and making tentative but reasonable conclusions from field observations 
where the statistical results are inconclusive.”   


Martin: Concern 2 - uncertainties and limitations of study design are not fully addressed 


Dr. Martin states that a key concern is the absence of discussion about the reliability of 
measuring landslide density and volume and how variability in these metrics may have 
influenced the statistical analyses and study conclusions.  He goes on to criticize our discussion 
of blocking (Section 7.2.2., p. 95&96) in which we state that ‘we believe the blocking approach 
was reasonably effective’ but do not explain why as well as we might. 


We state that we believe the blocking was effective because our statistical model accounted for 
between 92% and 95% of the variability in landslide density across the study area (predicted vs. 
observed r2, p. 74 & 77).  We used the same model structure for analyzing initial and delivered 
volume, but less of the variability was accounted for by the model because these measurements 
are inherently more variable.  As noted above, however, the results for initial volume are similar 
to those of delivered volume, and both are consistent with the density data and our understanding 
of landslide processes. We agree that this supporting information would strengthen this assertion 
and agree to amend the text with the above information on why we believe the blocking was 
effective. We think we have adequately explained the influence of variability in measurement for 
the metrics. 


Leslie Lingley, L.E.G. – Geologist, WDNR Forest Practices  


Lingley: Despite many requests, none of the non-author reviewers have ever seen the actual 
data. 


Data requests are handled by the Adaptive Management Program Administrator (AMPA), not 
the authors. The report contains all the summary data that was used in the process of drawing 
conclusions.  The raw data would be of little use to most reviewers, but it will become publically 
available once the AMPA releases it. 
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If the authors had known that access to the raw data was essential to Ms. Lingley’s review of the 
Post Mortem report, we would have supported such a request.  However, this was the first time 
we’d heard about it.  


Lingley: Two of the three response variables (i.e., initial and delivered sediment volume) cannot 
be quantified without a high precision map of ‘before and after’ LiDAR or of engineered 
topographic data. 


The landslide measurement techniques used were consistent with the study design and the field 
manual that were approved by CMER and ISPR. Initial failure volume is based on field 
measurements of landslide scarp width, length, and average depth measured at every landslide 
using digital range finders and other measuring tools. Most sediment budgets are predicated on 
much less information (e.g., polygons digitized from air photos and converted to volume 
estimates using scour depths from a limited number of landslides). A QA/QC team of WDNR 
employees found estimates of scarp length, width, and depth to be reasonable in 88-94% of the 
landslides they visited.  The availability of ‘before and after’ LiDAR for landslide producing 
events is extremely limited and LiDAR was not available for our entire study. Lastly, this 
technique for estimating volume has not been formally tested for accuracy as far as we are 
aware.   


Lingley: Only limited statements can be made regarding the efficacy of the Slope Stability rules 
because the study does not address the rule or the Forest Practices Applications (FPAs) to 
which they pertain. 


Although it could be useful to inspect FPAs associated with landslides included in the study, 
such an effort would have required a huge increase in the scope of the study. This study was 
never intended to focus on administrative process or compliance. 
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Appendix C: AdditionAl AnAlysis


This section includes the results of a subset of different analyses that were conducted to answer ques-
tions that came up during data analysis, or were part of the original study design but that cannot be 
used to draw logical inference.


C.1	 Under	represented	treatments
During the development of the Post-Mortem study, the study authors performed bootstrap re-
sampling on 1996 landslide data from the Siuslaw National Forest (D. Miller pers. comm.; Miller 
and Burnett, 2007). Samples drawn from a range of sample areas were used to help determine the 
appropriate cluster size and sample size for the Post-Mortem study. While reviewing the Siuslaw data, 
the authors noted that landslide counts tended to become binomial (e.g. ones and zeros) as the area 
of a given treatment became small, and densities derived from small areas were likely to have a higher 
variance than estimates derived from larger areas (Dieu et al., 2008).


To avoid problems associated with binomial counts and high variance in small sample areas, the au-
thors made provisions in the study design to ensure that each treatment would represent at least 5% 
of the core cluster area (~ 0.2 sq. miles for harvest treatment).


“If an individual stratum (i.e., treatment) is not contained within a cluster or it occupies 
less than 5% of the total road network length or timber harvest area, the cluster will be 
augmented by adding one mile on a side (twelve additional sections). Within the aug-
mented cluster area, a section will be randomly selected and canvassed for underrepre-
sented treatment. Sections will continue to be selected in a counterclockwise direction 
until the 5% threshold is reached or the twelve additional sections have been used up.”


“In the event that sufficient acreage of each of the critical treatment cannot be found 
within or near the four-square-mile block and its one-mile-wide frame, the results will be 
presented to UPSAG for consultation.”


“A cluster may be rejected if less than 5% (of the four-square-mile block) of one of the criti-
cal treatment cannot be found within the 16-square-mile cluster.”


During the data collection period of the study, aerial photographs were reviewed for harvest treat-
ment. If it was clear that the 5% criteria could not be met within the cluster or through augmenta-
tion of units within the frame, clusters were discarded. Crews’ field verified and calculated treatment 
area for clusters that were included in the study. At the end of the field season it appeared that treat-
ment in each cluster met the 5% criteria.


In the QA/QC period of the study, a number of the harvest treatment determinations were changed. 
Some of the clusters lost treatment entirely and others were found not to meet the 5% criteria. The 
study design stated that clusters could be rejected if treatment occupied less than 5% of the study 
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area, but gave no guidance for determining when or how to reject a sample for which data had 
already been collected. Given the original concern that small areas might provide biased density esti-
mates, an analysis was conducted to determine how sample estimates changed with sample area.


Using pre- stand age QA/QC data, a permutation resample was performed over the entire study 
area using a range of sample areas.1 Over twenty-one million distinct, but often overlapping, density 
estimates were extracted. These estimates include all possible permutations of landslide density that 
could be extracted for a given sample area. Sample areas ranged from 1.9 square miles (~50% of clus-
ter area) to 0.019 square miles (~0.05%). Differences between the subsample density estimate and 
whole cluster landslide density were then calculated for each cluster.


As Figure C-1 shows, as sample area becomes small, the variance of the density estimate increases and 
individual density estimates become less reliable. This finding is to be expected as landslides are not 
uniformly distributed across clusters, but instead tend to be clumped together. Although the graph 
shows increasing variance, very little change occurs with regard to the mean of the sample. This sug-
gests that samples drawn from small areas may be less precise, but are unlikely to be biased.


Mean cluster areas for harvest treatment range from 358 acres to 727 acres (14% to 28% of the 
average cluster area) and no single treatment is under-represented in all clusters. Strata that are less 
prevalent in one cluster tend to be more prevalent in another cluster. While care was taken to balance 
the area in each treatment by providing a minimum area criteria, there do not appear to be reason-
able objective criteria for eliminating data that have already been collected. The loss of data in an 
RCB design is likely to have a much greater affect on statistical power than the inclusion of less accu-
rate estimates. To help account for the error introduced by densities derived from small areas, sample 
area was used as a weighting factor in the GLM’s. In this way, samples drawn from larger areas had a 
proportionately greater influence on the results than samples drawn from small areas.


C.2	 Justification	for	block-scale	pooling	of	landslide	data
Pseudoreplication is the testing of treatment effects using an error term inappropriate to the hypoth-
esis being considered, and it often occurs when samples have been collected in close proximity to 
one another resulting in correlated (i.e., non-independent) responses (Hulbert, 1984). There are two 
solutions to pseudoreplication associated with spatially nested sampling designs; 1) treat blocks as a 
random sample from the population of blocks, and to perform the analysis on block summary sta-
tistics (Sit and Taylor, 1998; Thompson, 2002); or 2) analyze the landslide response in each experi-
mental unit, and to properly account for the nesting of spatial scales through the use of nested linear 
models (Quinn and Keough, 2002).


Early in the review process it was noted that pooling of data resulted in the calculation of auxiliary 
variables at a very coarse scale, and that nested linear models could be used to reduce the size of mod-


1  Permutation resampling was performed with the focal sum function in ArcGIS using 10x10m grid of landslide 
counts, a square neighborhood and the NoDATA keyword.
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el cells to the scale of individual experimental units (as opposed to pooling at the scale of blocks). It 
was argued that the auxiliary variables (e.g., topographic indices) calculated at the scale of an experi-
mental units would be more likely to be correlated with landslide response. While this may be true, 
we feel that study design necessitates the pooling of data because individual experimental units vary 
so greatly in terms of exposure.


As noted previously, experimental units were ex post facto classified into treatments so there was no 
control over the number of experimental units or the total area assigned to a treatment in a given 
block. Experimental unit boundaries were defined by stand age (i.e., buffer composed of older timber 
were explicitly delineated) and clipped to the boundaries of blocks, and as a consequence, some 
experimental units were arbitrarily small. While ratio estimators can be used to account for the effect 
of different exposures (See Section 2.3.2), they do not resolve the problem that different treatment 
sizes create different response distributions. At very small exposures landslide counts are likely to be 
binomially distributed, but as the size of the experimental unit becomes large, the response is likely 
to be Poisson distributed. If a dataset containing a large number of zeros associated with insufficient 


Figure	C-1:	Mean	and	standard	deviation	of	landslide	density	estimates	(landslides	per	square	mile)	as	a	function	


of	sample	area	based	on	permutation	resampling	of	landslides	in	Post-Mortem	clusters.
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exposure is analyzed using a Poisson model, the estimated parameters may be biased and the exces-
sive number of zeros can cause overdispersion (Zuur et al., 2009).


To estimate the potential effect of zero-inflation, the harvest landslide dataset was analyzed using 
Zero-Inflation Poisson (ZIP) models. ZIP models treat the data as though it were derived from two 
different processes, a binomial process and a count process (Zuur et al., 2009). PROC Countreg 
from SAS was used to perform the ZIP modeling on the unpooled harvest landslide dataset. The 
minimally adequate model results indicated that size of an experimental unit was a strong predictor 
of whether the count was binomial or Poisson distributed, with the probability of generating a bino-
mial count exceeding 50% when the area of a harvest treatment polygon area fell below 19.3 acres. 
Approximately 58% of the harvest treatment polygons in the harvest treatment dataset have areas 
less than 19.3 acres. Unfortunately ZIP models do not currently allow for the nesting of fixed and 
random effects and therefore cannot be used for statistical analysis of treatment responses.


It is our contention that the large number of zeros within very small experimental units represents 
insufficient exposure, as opposed to low inherent risk of failure. While we recognize potential advan-
tages of performing analyzes at other scales, the compromise we chose was to perform the analysis 
on summary statistics calculated at the level of treatments and blocks, which is consistent with the 
analysis performed for the study design.2 Under this framework, the analytical model is similar to 
that for a randomized block design.


We see the primary disadvantage of performing analyses on summary statistics is being the inability 
to incorporate interaction effects (a multiplicative model). Although the potential for an interaction 
between treatment and block has been proposed (perhaps as a function of precipitation intensity), 
we see no evidence of interactions and feel that the inability to test for them is not an issue for this 
study. With the current model, interaction effects are incorporated into the error term, so that the 
resulting model is conservative with respect to interactions.


C.3	 Observer	variability	in	estimates	of	delivered	volume	for	large	landslides
Near the end of the field season, 10 members of the field crew were asked to estimate the delivery 
volume (cubic feet) for 9 large landslides in one of the clusters. One of these 10 crew members was 
one of the two experienced geologists on the crew. The cluster was chosen for both high landslide 
density and for the existence of pre- and post-LiDAR datasets. The individual landslides were select-
ed for their ease of field access and so that a volume estimate had already been done by the second 
experienced geologist who could not be present for this analysis. The goal of the exercise was to 
evaluate observer variability in estimations of delivered landslide volume.


2 The problem of excess zeros in small sample areas was noted in a presentation to UPSAG in August 2006 based on 
an analysis of landslide occurrence in the Siuslaw National Forest following the 1996 storm in Oregon. It was the 
primary motivating factor in setting a minimum treatment area for critical treatments within blocks. While the data 
could be analyzed using a binomial model, those models are not appropriate for the larger experimental units with 
landslide counts greater than one.







	 Appendix	C:		Additional	analysis	 |	 5


Another method of estimation was also attempted as a comparison. Pre- and post-storm LiDAR 
datasets were used to derive cut and fill volumes on the hillslope; the difference between cut and fill 
volumes were assumed to have been delivered to the channel network. Elevation differences of less 
than 1 meter between the LiDAR datasets were not counted to remove some of the noise from the 
dataset.


Basic plots of the data revealed that there was significant variation in estimated delivery volume 
among observers and the LiDAR results (Figure C-2). For some landslides, the estimated deliv-
ered sediment volumes are at least in the same order of magnitude (e.g., 1204275845 on the far 
right side of Figure C-2). For others, the volumes vary by more than two orders of magnitude (e.g., 
1204260283). Field crew attributed differences in estimation to difficulties in estimating the original 
depths of material in debris flow tracks (i.e., the volume a debris flow entrains as it scours down a 
stream valley) and to difficulties in estimating the remaining deposit at the base of the hill as com-
pared with the volume that flowed across the floodplain and into the channel.


Table	C-1:		Observer	estimates	of	delivered	sediment	volume	(cubic	feet)	by	landslide.		Each	bar	represents	a	differ-


ent	observer.
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In addition to the visual observations of observer variability, the data were analyzed statistically. 
Linear modeling using log-transformed landslide volumes (to reduce heteroscedasticity in model 
residuals) indicated that both Landslide_ID and Observer_ID were important factors in determin-
ing delivered sediment volume (Table C-1). To evaluate how exactly the variation of measurements 
changed, a variability gage analysis (REML method) was conducted within JMP. The variability 
gage analysis showed that Landslide_ID explained only 37% of the variance in the measurements of 
landslide volume (Figure C-3). Approximately 9% of the variance was explained by the person who 
took the measurement, and 54% of the variance was unexplained or was associated with the interac-
tion between observer and landslide. The results indicate observer and landslide number are both 
important predictors of estimated delivery volume, but that the unexplained variability still exceeds 
explained variability even when both factors are known.


While the accuracy of the LiDAR estimates has not been tested, it is interesting that those measure-
ments are consistently among the higher of the observer estimates or are higher than any of the ob-
server estimates. This may indicate that observers are most often underestimating delivered volumes. 


Source Nparm DF
Sum of  


Squares
F Ratio Prob > F


Landslide ID 8 8 62.321460 9.5584 <.0001*


Source 12 12 23.688752 2.4221 0.0090*


Table	C-2:		Effect	tests	for	Landslide	ID	and	Source	(of	the	observation).


Figure	C-2:		Interaction	between	observer	and	landslide	id	in	estimating	(log-transfomed)	delivered	volume.
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However, it should be noted that many of these nine landslides were debris avalanches or debris flows 
with a debris avalanche component; the large initial failure volumes may be accurately estimated 
by the LiDAR, but the shallow debris avalanche deposits (usually <1 foot) were not estimated as fill 
because of the less than 1-meter screen.


C.4	 Landslides	and	landforms	in	the	Partial	Buffer	treatment
The Partial Buffer treatment is a high percentage (55%) of the land harvested after the inception of 
the current Forest Practices Rules (Section 5.8.2) and this surprising result coupled with the treat-
ment’s comparatively high landslide density raise questions about its nature. It was supposed to be a 
catch-all for a variety of operational circumstances which were hypothesized to include commercial 
thinning of RIL or yarding corridors cut across RIL (Dieu et al., 2008), and it was expected that 
there would be only an occasional harvest unit unless Watershed Analysis Prescriptions had caused 
pre-FFR partial buffering. Although not a component of the study design, UPSAG decided it would 
be valuable to policy makers to characterize the harvested landforms in the Partial Buffer treatment. 
These results, presented below, also informed the QA/QC of the harvest treatments that was con-
ducted during the stand age analysis.


The characterization of the Partial Buffer treatment was initiated with a random selection of two har-
vest units from each block. Not every block contained two harvest units of PB, and not every harvest 
unit designated PB was PB (a problem corrected during the QA/QC process). If a harvest unit was 
determined to not be PB, then the next closest harvest unit of PB was included in this analysis.


The description of the Partial Buffer (PB 0-20) treatment is based on 34 harvest units covering 
2132 acres spread among the 22 blocks. Two UPSAG geologists, with extensive landslide inventory 
and hazard mapping experience, mapped both buffers and individual RIL within and adjacent to 
each polygon of the Partial Buffer treatment. The mapping effort utilized stereo aerial photography, 
10-meter and LiDAR DEM and SlpStab.


Six of the 34 Partial Buffer units sampled (18%) in the descriptive analysis were likely harvested un-
der a pre-FFR FPA; 26 PB harvest units were likely harvested under a post-FFR FPA. This designa-
tion was based initially on an estimate of stand age from the stereo photos and subsequently verified 
or changed with the use of the landowner stand age data.


Mainstem inner gorges were mapped separate from tributary or sideslope inner gorges because there 
were large discrepancies in the buffering of the two types. In general, mainstem inner gorges were 
buffered in both pre-FFR and post-FFR harvest units. Of 20 mainstem inner gorges, 80% were com-
pletely buffered, and 15% were partially buffered (Table C-2). Sideslope inner gorges were less likely 
to be buffered. Of 78 distinct sideslope inner gorges, only 35% were buffered, and 24% were par-
tially buffered, leaving 41% unbuffered. Where partial buffering of sideslope inner gorges occurred, 
it was often a small portion of the lowermost inner gorge that was protected in the riparian manage-
ment zone or within the buffer of the mainstem inner gorge. The partial buffer call was reserved for 
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sites where significant lengths of the sideslope inner gorge were unbuffered. Bedrock hollows were 
most often unbuffered. Of 125 bedrock hollows, 22% were buffered, 10% were partially buffered, 
and 68% were unbuffered. In summary, approximately 40% of the area of RIL in the Partial Buffer 
treatment was unbuffered and 60% was buffered.


There are several caveats to consider in evaluating this analysis. First, inner gorges are quite easy to 
identify and delineate from aerial photography within or adjacent to recent clearcut areas because 
the slope break is such a definitive feature. However, it is possible that field efforts would reveal that 
a small subset of the sideslope inner gorges were misidentified or would not deliver into the channel 
network. Second, RIL bedrock hollows are harder to conclusively identify from aerial photography 
and other remote tools because the 70% gradient requirement is difficult to verify. As mentioned 
above, the team attempted to be conservative in these designations, mapping only those bedrock hol-
lows that appeared to be substantially greater than 70% and not mapping those that appeared close 
to the threshold. Despite these efforts, it is possible that a small subset of the bedrock hollows were 
falsely identified or are unlikely to deliver to the channel network. And, lastly, the toes of deep-seated 
landslides were seldom encountered and the results of this remote interpretation should be consid-
ered with that in mind.


Landforms
Buffered 


Acres
Unbuffered 


Acres


No. of  
Rule-ID 


Landforms


No. of  
Completely 


Buffered


No. of  
Partially 
Buffered


No. of  Un-
buffered


Mainstem Gorges 72.01 7.57 20 16 3 1


Sideslope Gorges 32.05 17.19 78 27 19 32


Bedrock Hollows 12.99 23.52 125 27 12 86


Toes of DSL 0.20 0.31 3 0 1 2


Totals 117.25 48.59 226 70 35 121


Table	C-3:	Summary	of	RIL	buffering	for	a	randomly	selected	set	of	Partial	Buffer	units.
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C.5	 Other	micro-hypotheses
The study design includes a set of ‘micro-hypotheses’. Some were included in the body of the re-
port, but others either failed to allow for logical inference or could not be resolved.3 As a result, it is 
unclear whether inference drawn from the data relate to landslides or characteristics of the landscape. 
No inference should be drawn from these results.


H5:	Landslides	will	occur	in	association	with	buffer	blowdown.


Blowdown within buffers on potentially unstable slopes has the potential to reduce rooting strength 
and potentially increase landslide rates in buffered areas subject to blowdown.


Data preparations for evaluation of this hypothesis include:


 ● Limited data to landslides where a pre-storm blowdown determination was made.


Of the 634 landslides where a buffer blowdown determination was made, only 35 landslides were 
associated with units where the percentage of buffer blowdown exceeded 10% (Figure C-4). The 
average percentage of buffer blowdown was 4%. A reasonable interpretation of these data, supported 
by extensive air photo and field observations, is that buffer blowdown is very limited across most of 
the Post-Mortem study area. Nothing can be concluded about the micro hypothesis, but UPSAG 
has learned that the Mass Wasting Buffer Integrity and Windthrow Assessment Project will require 
near-coastal implementation if the relationship between buffer blowdown and landslide occurrence is 
to be evaluated.


3 Hypotheses that used data from landslide initiation points but that related to landscape characteristics, provide no 


logical inference because it isn’t clear whether they relate something about landslides susceptibility or simply charac-


terize relative abundance across the landscape. See R2 for an example.


Figure	C-3:		Landslide	count	as	a	function	of	the	percentage	of	buffer	blown	down	(n=634)
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H6:	Harvest	upslope	of	unstable	landforms	will	increase	landsliding.


This hypothesis was intended to evaluate how hydrologic changes associated with forest harvest af-
fect landslide susceptibility in down slope locations. The database developed for the study does not 
include a layer that identifies rule-identified (or other) unstable landforms. It was not possible to 
evaluate this hypothesis without information on the location of unstable landforms in the study area, 
so this hypothesis was not evaluated.


H7:	Landslide	delivery	will	be	inversely	proportional	to	buffer/riparian	stand	width	and	den-
sity.


This hypothesis was intended to evaluate whether larger trees and/or dense stands of trees reduce the 
volume of sediment delivered to streams. The presence of larger, denser trees is hypothesized to create 
a mechanical barrier to transport of mobilized sediment.


Questions related to riparian stand density could not be analyzed because the riparian stand density 
(e.g., basal area per acre) was never collected. With regard to stand width, it was determined that 
the variability inherent in estimates of delivered sediment volume (see Appendix C.3; Miskovic and 
Powell, 2009) would be compounded with errors associated with determining stand width. For the 
purpose of this question, average width should be calculated along the runout path, but landslide 
mapping only included initiation points. In the absence of better data, this hypothesis could not be 
effectively tested.


H9.	Focused	water	from	upslope	roads	will	be	associated	with	hillslope	landslides.


This hypothesis was not evaluated because it requires evaluating the contributing area for each indi-
vidual landslide and is likely to require explicit information on drainage structure locations, which 
were not collected in this study. This hypothesis may be evaluated in the future following additional 
information gathering.


H10.	Landslides	will	occur	along	yarding	corridors.


This hypothesis was intended to evaluate the effect of yarding corridors on landslide initiation, but 
was not evaluated because yarding corridors were not mapped. However, very few hillslope landslides 
were associated with yarding corridors, suggesting that yarding corridors may not be a significant 
triggering factor. This hypothesis is probably not worthy of further work.


R1:	Landslides	will	occur	on	planar	slopes	with	no	or	insufficient	pullback.


This hypothesis was intended to evaluate whether there is a greater number of landslides on planar 
road fillslopes that have not received sidecast pullback. It was hypothesized that these areas may have 
been overlooked during pullback operations because they are not included in current RIL definitions 
(Dieu, et al., 2008).


Data preparations for evaluation of this hypothesis include:
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 ● Limiting data to ‘Hillslope Road’ slides (excludes ‘Road Crossing Slides’);


 ● Limiting data to Mitigated and Abandoned road treatment.


Analyses conducted thus far are indeterminate. This question may be evaluated as part of a follow-up 
study.


R2:	Small	stream-crossing	pipes	will	be	associated	with	landslides.


Undersized stream-crossing structures can contribute to the frequency of landsliding when water is 
diverted around the structure and onto unstable soils (Dieu et al., 2008). This hypothesis seeks to 
establish whether a correlation exists between the diameter of stream-crossing pipes (relative to the 
size of the stream) and frequency of stream-crossing failures. Impaired flow capacity through culverts 
has been observed to be a common cause of stream-crossing failures in other studies (Furniss et al., 
1991).


Data preparations for evaluation of this hypothesis include:


 ● Limited data to stream-crossing landslides with culverts where the culvert size was ob-
served.


It was not possible to determine culvert diameter at many sites because the culvert had been trans-
ported down stream. In addition, field data on channel width (as an index of peak flow) intended 
to relate culvert diameter to stream size, were not reliable because of the extent of flood impacts on 
channels. Therefore, it was not possible to evaluate whether “undersized” stream crossings had an 
increased risk of failure.


The analysis indicates that culvert size alone is a poor indicator of landslide susceptibility. Once nor-
malized by their relative distribution on the landscape, most culvert sizes have similar probabilities of 
failure (Figure C-5).


R3:	Inadequate	water	control	measures	will	be	associated	with	landslides.


This hypothesis was intended to evaluate whether landslides were associated with poor road drainage. 
Field data that were collected to help address this hypothesis include a determination about whether 
the landslide was associated with pirated water, too few drainage structures, inadequate ditch design 
and construction, or a ditch not flowing to an appropriate drainage point.


Data preparations for evaluation of this hypothesis include:


 ● Limited data to landslides where pirated water observations were specified as ‘yes’ or ‘no;’


 ● Limited data to landslides where upslope road drainage distance was observed;


 ● Limited data to landslides where ditch flow was characterized as continuous, discontinu-
ous or ponded.
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Figure	C-4:		Landslide	occurrence	as	a	function	of	culvert	size.			 	 	 	 	 	 	 	 Culvert	sizes	associated	with	stream-


crossing	landslides	(A)	were	inversely	weighted	to	their	estimated	distribution	on	the	landscape	(B)	to	determine	


landslide	occurrence	as	a	function	of	culvert	size	(C).		Differences	among	culvert	sizes	are	unlikely	to	be	significant.







	 Appendix	C:		Additional	analysis	 |	 13


Initial analysis of this hypothesis examined the frequency of landslides associated with each of the 
drainage factors listed above. Whether there is an increased risk of landslides associated with any of 
the drainage factors listed above is indeterminate due to an incomplete knowledge of the relative 
distribution of each of the factors.


R4:	Poor	tread	maintenance	or	inappropriate	road	geometry	will	be	associated	with	landslides.


Similar to micro hypothesis R3, this hypothesis evaluates field evidence regarding a correlation be-
tween road drainage geometry (e.g., crowned, insloped, outsloped), road tread condition with respect 
to surface drainage (e.g., adequately graded, potholed, rutted), and landslide frequency. Local road 
drainage conditions may, in some circumstances, cause concentration of runoff that could contribute 
to slope failure.


Data preparations for evaluation of this hypothesis include:


 ● Limited data to landslides where a road geometry was observed (i.e., not blank);


 ● Limited data to landslides where a road tread condition was observed (i.e., not blank).


Initial analysis of this hypothesis was accomplished by examining the frequency distribution of land-
slides associated with road geometry and tread condition (Figure C-6). Results of the initial analy-
sis were indeterminate. For example, a high proportion of landslides were at sites with adequately 
graded road surfaces. This does not suggest that adequately graded road surfaces are more susceptible 
to failure but that a high proportion of the roads are adequately graded. In the absence of data on the 
distributions of road geometry and tread condition throughout the study area, the relative risk for 
landsliding cannot be assessed and this hypothesis cannot be tested.
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Figure	C-5:		Distribution	of	road	landslides	as	a	function	of	road	geometry	and	tread	condition.
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C.6	 Landslides	in	riparian	areas
Landslides in riparian areas may be triggered by hillslope failure processes or they may be initiated 
by in-channel processes. The extent to which in-channel processes are related to forest management 
activities is not completely understood and therefore, in this study, it was considered important to 
include riparian landslides in the sample design in order to evaluate overall buffer effectiveness. The 
following analysis was completed to determine the number of landslides that initiated in riparian 
areas in order to evaluate their potential impact on the results of this study.


For this analysis, landslides that initiated within 115 feet of Type F or Type S streams on the WDNR 
hydro layer were identified as riparian landslides. The choice of 115 feet as the Type F riparian buffer 
width was based on a review of typical buffer widths measured from aerial photos.


Table C-3 contains the summary data for delivering riparian landslides. The number of riparian land-
slides was similar in all treatments. The percentage of the total number of landslides that initiated in 
riparian areas was lowest in the Partial Buffer treatment (12%) and highest in the Full Buffer treat-
ment (36%). The proportion of riparian landslides initiating in RIL ranged from 70% in the Partial 
Buffer treatment to 85% in the Full Buffer and Mature which is larger than the 55% for all deliver-
ing landslides.


The effect of riparian landslides on total landslide density in treatments was evaluated by determining 
the number of landslides and the area of each treatment within riparian buffers. Landslide densities 
in the each treatment were then adjusted accordingly. The change in landslide density was relatively 
similar in all treatments (Figure C-7). Full Buffer had the largest reduction in landslide density from 
5.9 to 4.0 (slides / sq. mi.). Given the relatively even distribution of riparian landslides in all treat-
ments, we conclude their inclusion does not significantly influence the results of this study. Further, 
we argue that their inclusion is critical to completely evaluate buffer effectiveness, particularly in light 
of the high percentage of riparian failures that occurred in RIL.


Treatment
Type F Riparian 
landslide count


Total delivering 
landslide count


% riparian       
landslides


% riparian 
landslides in RIL


No Buffer 30 160 19% 77%


Partial Buffer 30 244 12% 70%


Full Buffer 26 72 36% 85%


Submature 48 258 19% 81%


Mature 47 204 23% 85%


Table	C-4:	Summary	data	for	Type	F	riparian	landslides	by	harvest	treatment	and	the	percentage	of	riparian	land-


slides	initiating	in	RIL.
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Figure	C-6:	Histogram	of	landslide	density	(landslides	per	square	mile)	by	harvest	treatment	for	all	delivering	land-


slides	compared	with	landslide	density	excluding	those	originating	in	Type	F	riparian	buffers.	Landslide	density	


does	not	include	block	replication	or	any	normalization	other	than	area	(e.g.,	does	not	account	for	precipitation	or	


topography).
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Appendix d: proposAls for future reseArCh


Some of the results of this study raise questions that require additional analyses that are beyond the 
scope of this study to address. Those that UPSAG is most interested in pursuing as future research 
topics are discussed below in a brief scoping-style of presentation where the issue is presented, the ad-
ditional data analysis is explained and the expected outcomes are conceptually described.


D.1	 Testing	the	Accuracy	of	Unstable	Landform	Identification
Issue: It was predicted in the Post-Mortem study design that there would be some Partial Buffer of 
RIL under current Forest Practices Rules; it was expected to occur in limited acreage where opera-
tional limitations required that a yarding corridor be cut across an RIL or where an RIL had been 
missed during engineering and regulatory review. It is a surprising result that 50% of the study area 
harvested since 2001 was stratified as Partial Buffer.


Proposed project: UPSAG has scoped and written a study design titled “Testing the Accuracy of Un-
stable Landform Identification.” The study is designed to randomly select completed harvest permits 
across Washington State subject to the current Forest Practices Rules to determine if RIL are being 
accurately identified and protected. In cases where RIL that have the potential to deliver sediment to 
streams were partially or completely harvested, the study is designed to identify where in the process 
(harvest unit layout, application review, or harvest operations) problems are occurring. As this study 
goes through CMER and ISPR review, UPSAG intends to modify the study design to simplify the 
field data collection. This project is described in the 2011 CMER Work Plan.


Expected outcomes: Testing the Accuracy of Unstable Landform Identification will quantify the 
occurrence of RIL protection and non-protection and will illuminate the reasons for the non-protec-
tion. This will occur across Washington State and will place the occurrence of the Partial Buffer treat-
ment in the Post-Mortem Project in a broader context (but may not provide a detailed or statistically 
rigorous answer for the Post-Mortem Project area itself ).


D.2	 Testing	the	Assumption	of	Evenly	Distributed	RIL
Issue: Statistical differences in landslide density between harvest treatments have been questioned 
during the UPSAG review process; in particular, because it is unknown whether RIL are distributed 
equally in each treatment. An uneven distribution of RIL could lead to an unequal risk of landsliding 
which might influence the results. The signal of buffer effectiveness is small compared with basic fac-
tors like slope gradient and precipitation, and it has been determined that the mean slope of the Full 
Buffer treatment is 6-7% lower than the mean slopes of the other treatments.


Proposed project: It may be possible to test the assumption of evenly distributed RIL by conduct-
ing analyses similar to the characterization of the Partial Buffer treatment for other treatments. The 
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Partial Buffer analysis was accomplished through a several day effort to map in GIS both buffers and 
RIL (by type) in randomly selected polygons of the Partial Buffer treatment. The effort to map RIL 
would need to be extended to randomly selected polygons of the Mature and Full Buffer treatments. 
Accurate mapping of RIL in the Mature treatment is particularly confounded by canopy closure on 
the 2007 aerial photography, a bias that might be avoided by utilizing older aerial photography.


Expected outcomes: Validation of the assumption of even distribution of RIL would allow us to 
more strongly assert that it is the buffering of RIL that causes Full Buffer to have lower landslide 
density than No Buffer or Partial Buffer. If the assumption is not validated, then the resultant data 
may assist in the multivariate logistic regression analysis of site-specific factors to better understand 
landslide susceptibility and differences between the treatments.


D.3	 Analysis	of	Landslide	Occurrence	Outside	of	RIL
Issue: Delivering landslides that occurred outside of RIL in the Post-Mortem Project area were 47% 
of the total delivering hillslope landslides. This result is higher than expected and based on previous 
Watershed Analyses and Landslide Hazard Zonation (LHZ) products for many Watershed Adminis-
trative Units (WAU) across western Washington.


Proposed project: The landslides that occurred outside of RIL should be characterized by hillslope 
gradient and form, by detailed lithology and geomorphology (e.g., relationship to larger scale features 
such as ancient earthflows), by process and, to the extent possible, by contributing factors. These 
results should be analyzed for susceptibility in the broader (local) landscape context, including with 
respect to the occurrence of landslides within RIL.


Expected outcomes: Analysis of the landslides that occurred outside of RIL may identify shared char-
acteristics or processes that may explain their occurrence and distribution. This, coupled with a basic 
understanding of landform distribution and risk, may help Policy make informed decisions.


D.4	 Multivariate	Logistic	Regression	Analysis	of	Site-Specific	Factors
Issue: Post-Mortem was not designed as a mechanistic study and it did not require identification of 
the physical processes initiating each landslide to address the research questions related to the effec-
tiveness of Forest Practices Rules. However, the extensive field-based nature of the study resulted in 
the creation of a powerful data set which could be potentially valuable to increase our overall under-
standing of landslide processes and risk.


Proposed project: To conduct multivariate logistic regression analysis for site-specific factors such as 
contributing drainage area for all landslides in the Post-Mortem Project area.


Expected outcomes: This analysis could provide a more complete understanding of the relative im-
portance of the many factors that contribute to landslide occurrence, putting into a broader context 
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our knowledge of any individual set of landslides. The output from this analysis could also be used to 
compare Post-Mortem landslides with other related studies and/or to test slope stability models.


D.5	 Evaluation	of	Road	Fillslope	Landslides	for	Susceptibility
Issue: One hundred sixty-eight fillslope failures were sampled. When fillslope gradient is plotted 
against hillslope gradient, the result is a scatter diagram that fails to validate two simple beliefs about 
fillslope failures: 1) that perched fill (fillslope steeper than hillslope) is a common cause of fillslope 
failures; and 2) that most fillslope failures occur on natural hillslope gradients that exceed 70%.


Proposed project: To attribute the Post-Mortem road network by gradient category, by topographic 
position, by perch, and by hillslope shape so that we can better characterize fillslope susceptibility.


Expected outcomes: To better inform forest managers about where it is most critical to accomplish 
mitigation measures such as better water control and sidecast pullback. Although few details are 
available in the current scientific literature, landowners are expected to do this work to reduce land-
slide occurrence on existing roads.


D.6	 Evaluation	of	Buffer	Effectiveness	by	Landform
Issue: If buffers are effective at limiting landslide occurrence, then this result brings to bear a basic 
question about relative buffer effectiveness by landform. Post-Mortem results do show fewer land-
slides in buffered bedrock hollows than in buffered inner gorges, but the reasons for this difference 
cannot be explained without additional work.


Proposed project: Directly linked to three other projects described above, this project would utilize 
the RIL distribution data through the multivariate logical regression analysis to detect differences 
between landform susceptibility in the context of buffer effectiveness.


Expected outcomes: May understand at least relative levels of buffer effectiveness between RIL and 
potentially between other landform types.







Row Block Treatment Treat_
Abbr


Count Area_
SqMi


Med-
High_Slp-
Stab


PctGT65 AreaWt-
StandAge


AreaWt-
MeanSlope


AreaWt-
MedSlope


Area-
WtHigh-
Haz


AreaWt-
MedHigh


InitSed-
Vol_ft3


Deliver-
Vol_ft3


Init-
SedTPA


Deliv-
erSEDT-
PA


1 1 Full Buffer FB 0-20 0 0.1493 1236 0 22.651 20.352 19.648 11.716 33.936 0 0 0 0


2 1 Mature M 41+ 12 2.1143 24946 1.856 67.263 27.428 25.935 20.107 48.470 437735 71671 20.22 3.31


3 1 No Buffer NB 0-20 15 1.2572 17255 0.763 15.659 29.021 28.160 24.035 56.391 1065464 225188 82.76 17.49


4 1 Partial 
Buffer


PB 0-20 13 0.3131 4530 4.054 20.348 32.697 32.341 25.536 59.465 236020 244125 73.62 76.15


5 1 Submature SM 21-40 0 0.4567 2803 1.313 26.506 18.485 15.836 7.655 25.189 0 0 0 0


6 2 Full Buffer FB 0-20 7 0.3011 2449 0.374 5.289 20.751 18.291 10.813 33.368 627099 31389 203.37 10.18


7 2 Mature M 41+ 8 0.8261 9042 7.619 45.666 32.256 30.454 12.107 44.945 151764 75822 17.94 8.96


8 2 Partial 
Buffer


PB 0-20 49 2.0472 21610 3.445 9.979 27.911 25.723 13.263 43.374 916190 539405 43.70 25.73


9 2 Submature SM 21-40 15 0.8172 8806 5.292 36.204 33.362 31.515 10.863 44.248 1791899 1963840 214.13 234.67


10 7 Full Buffer FB 0-20 11 0.5827 5999 11.659 5.850 39.917 38.325 6.525 42.254 200236 183399 33.56 30.73


11 7 Mature M 41+ 26 1.4963 17541 16.655 47.775 46.057 46.400 10.456 48.131 1379472 2054407 90.03 134.08


12 7 No Buffer NB 0-20 10 0.1998 2602 20.971 11.092 53.312 52.685 12.301 53.424 355950 1438125 173.93 702.74


13 7 Partial 
Buffer


PB 0-20 21 0.8007 9311 14.510 7.558 43.643 43.122 8.628 47.788 579897 485160 70.73 59.17


14 7 Submature SM 21-40 29 1.1464 14325 20.471 35.036 48.209 48.443 11.894 51.298 2347536 3805276 199.98 324.15


15 28 Full Buffer FB 0-20 2 0.1836 2080 0.571 11.630 29.848 29.483 20.132 46.711 67800 8592 36.07 4.57


16 28 Mature M 41+ 3 1.1899 13657 1.786 49.905 26.755 25.024 19.012 47.139 2688 840 0.22 0.07


17 28 No Buffer NB 0-20 15 0.8682 13104 2.155 13.679 31.645 31.023 27.081 61.922 138030 531932 15.53 59.84


18 28 Partial 
Buffer


PB 0-20 13 0.4722 4811 0.605 9.977 24.637 23.335 16.127 41.893 268028 259297 55.43 53.63


19 28 Submature SM 21-40 7 1.0453 14716 1.779 29.419 29.279 28.499 24.769 57.873 15684 7172 1.47 0.67


20 35 Full Buffer FB 0-20 2 0.2252 2706 3.454 7.560 27.516 25.163 19.413 49.291 37840 36800 16.41 15.96


21 35 Mature M 41+ 1 0.0889 1060 13.297 44.465 34.497 32.301 13.415 48.686 6480 5830 7.12 6.40


22 35 Partial 
Buffer


PB 0-20 6 0.5147 5596 8.601 13.454 32.535 30.720 14.166 44.626 113172 235835 21.47 44.74


23 35 Submature SM 21-40 65 3.6977 52419 24.494 34.770 47.017 47.417 16.147 58.242 20100018 16676721 530.84 440.43


24 36 Full Buffer FB 0-20 0 0.2684 2313 0.086 12.634 20.906 19.767 11.770 35.386 0 0 0 0


25 36 Mature M 41+ 0 0.1584 1128 0.493 41.478 20.799 17.143 6.775 29.303 0 0 0 0


26 36 No Buffer NB 0-20 4 0.2802 4855 43.257 17.119 60.953 60.951 22.548 71.088 97775 93304 34.08 32.52


27 36 Partial 
Buffer


PB 0-20 0 0.2156 3045 7.243 11.455 33.546 29.789 23.227 57.921 0 0 0 0


28 36 Submature SM 21-40 10 3.7702 58625 19.904 31.884 43.754 42.994 21.657 63.871 72679 67038 1.88 1.74


29 47 Full Buffer FB 0-20 0 0.4940 3857 0.602 16.496 25.513 24.875 6.638 32.134 0 0 0 0


30 47 Mature M 41+ 16 2.9320 18501 0.442 64.416 21.806 20.014 3.706 25.916 759699 467568 25.30 15.57


31 47 No Buffer NB 0-20 3 0.6481 5534 0.351 16.268 22.490 21.114 11.404 35.091 9454200 901365 1424.61 135.82


32 47 Partial 
Buffer


PB 0-20 3 0.1024 1617 5.053 16.982 38.851 38.247 28.610 64.777 49810 35500 47.52 33.87


33 47 Submature SM 21-40 0 0.3993 5155 2.131 35.288 29.956 30.177 18.991 53.090 0 0 0 0


34 61 Full Buffer FB 0-20 0 0.5343 4320 3.964 5.962 31.759 30.321 5.247 33.190 0 0 0 0


35 61 Mature M 41+ 0 0.9569 10691 7.957 46.150 39.671 39.377 9.616 45.840 0 0 0 0


36 61 No Buffer NB 0-20 0 0.4933 4559 5.221 15.299 29.687 28.376 9.433 37.968 0 0 0 0


37 61 Partial 
Buffer


PB 0-20 6 1.5268 15746 6.988 8.411 33.346 32.119 12.109 42.403 40623 18363 2.60 1.17


38 61 Submature SM 21-40 0 0.3039 3584 9.396 33.324 39.222 38.306 8.461 48.230 0 0 0 0


39 65 Full Buffer FB 0-20 6 0.3044 3705 15.613 11.852 43.846 43.306 10.026 50.031 74347 52233 23.85 16.76


40 65 Mature M 41+ 44 3.1286 46360 27.856 46.876 50.642 50.583 17.782 60.860 396792 555420 12.39 17.34


41 65 No Buffer NB 0-20 2 0.1664 2254 17.603 9.911 45.507 44.086 13.586 55.744 15936 6045 9.35 3.55


Appendix e: dAtA summArized by bloCk
The following are the block summaries used in the statistical analysis of treatments. 


E.1	 Hillslope	data	summarized	by	block	and	treatment
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Row Block Treatment Treat_
Abbr


Count Area_
SqMi


Med-
High_Slp-
Stab


PctGT65 AreaWt-
StandAge


AreaWt-
MeanSlope


AreaWt-
MedSlope


Area-
WtHigh-
Haz


AreaWt-
MedHigh


InitSed-
Vol_ft3


Deliver-
Vol_ft3


Init-
SedTPA


Deliv-
erSEDT-
PA


42 65 Partial 
Buffer


PB 0-20 18 0.8508 10913 14.283 8.838 43.672 42.939 12.360 52.664 468166 473700 53.74 54.37


43 65 Submature SM 21-40 0 0.2245 2730 17.186 36.810 46.579 47.000 10.590 50.021 0 0 0 0


44 71 Full Buffer FB 0-20 2 0.3979 3144 1.526 9.664 20.652 19.600 10.409 32.427 1296 1104 0.32 0.27


45 71 Mature M 41+ 0 0.3826 2227 0 56.304 15.428 13.862 7.466 23.882 0 0 0 0


46 71 No Buffer NB 0-20 18 1.9493 21648 0.725 14.741 22.856 21.858 16.874 45.619 53672 20267 2.69 1.02


47 71 Partial 
Buffer


PB 0-20 12 0.6283 8320 1.200 9.957 27.695 26.370 22.449 54.370 76318 40614 11.86 6.31


48 71 Submature SM 21-40 16 0.5498 4720 1.124 27.900 19.354 17.836 13.324 35.294 44862 41155 7.97 7.31


49 72 Full Buffer FB 0-20 4 0.5045 4224 0.815 8.785 24.329 23.194 8.387 34.346 428832 234589 83.00 45.41


50 72 Mature M 41+ 9 1.4063 19613 17.220 45.388 44.010 43.478 15.519 57.278 98866 90090 6.87 6.26


51 72 No Buffer NB 0-20 1 0.4219 5120 6.884 7.927 34.081 30.889 14.337 49.910 22050 20250 5.10 4.69


52 72 Partial 
Buffer


PB 0-20 5 0.4218 5416 21.672 10.173 43.772 40.272 11.820 52.750 37926 36430 8.78 8.43


53 72 Submature SM 21-40 18 0.9827 16207 36.715 32.730 55.986 56.294 19.686 67.778 99923 282578 9.93 28.08


54 73 Full Buffer FB 0-20 7 0.2297 2131 2.303 7.405 27.828 26.781 6.110 38.082 371308 283117 157.87 120.37


55 73 Mature M 41+ 11 0.9645 8752 4.590 49.739 34.685 34.427 6.121 37.302 640246 3449880 64.83 349.31


56 73 No Buffer NB 0-20 17 0.8895 9254 2.325 10.114 31.274 30.656 10.549 42.731 340915 307635 37.43 33.77


57 73 Partial 
Buffer


PB 0-20 33 1.4086 11632 1.490 7.648 30.112 29.255 4.122 33.973 4245607 2655280 294.34 184.08


58 73 Submature SM 21-40 0 0.3284 1030 0.459 36.814 12.839 11.949 2.154 12.840 0 0 0 0


59 78 Full Buffer FB 0-20 1 0.5263 3252 1.371 10.722 22.374 21.599 2.819 25.443 1728 1512 0.32 0.28


60 78 Mature M 41+ 4 0.5186 8236 9.350 42.306 37.790 35.455 26.391 65.296 39819 17260 7.50 3.25


61 78 No Buffer NB 0-20 6 1.7560 11767 0.721 18.404 23.433 21.357 4.705 27.536 97129 10615 5.40 0.59


62 78 Submature SM 21-40 2 1.0399 13291 9.576 29.988 34.630 33.382 18.712 52.476 121860 99217 11.44 9.32


63 80 Full Buffer FB 0-20 12 0.4878 4638 1.140 10.196 22.841 21.790 11.636 39.031 33366 27528 6.68 5.51


64 80 Mature M 41+ 8 0.4187 4983 1.626 49.710 25.168 23.449 18.875 48.855 52065 29010 12.14 6.77


65 80 No Buffer NB 0-20 14 3.4734 33497 3.870 16.322 27.919 25.658 9.651 39.622 1090507 1010442 30.66 28.41


66 80 Partial 
Buffer


PB 0-20 2 0.1722 2035 6.468 8.122 34.577 32.826 14.308 48.630 12150 5580 6.89 3.17


67 82 Full Buffer FB 0-20 8 0.3626 2034 1.122 12.317 20.715 18.905 0.901 23.043 102240 97505 27.54 26.26


68 82 Mature M 41+ 14 0.8768 7666 3.178 52.256 32.670 31.477 2.391 35.908 145968 147140 16.26 16.39


69 82 No Buffer NB 0-20 16 0.7303 5722 4.610 11.851 31.286 30.051 2.799 32.224 1357593 198174 181.55 26.50


70 82 Partial 
Buffer


PB 0-20 21 1.5944 12259 1.512 7.837 28.557 27.006 1.759 31.577 3114592 2202932 190.77 134.93


71 82 Submature SM 21-40 5 0.3944 3102 2.682 24.170 29.114 27.389 1.600 32.285 6663 6665 1.65 1.65


72 83 Full Buffer FB 0-20 1 1.0440 5649 0.703 16.992 20.433 20.125 0.839 22.215 2970 2376 0.28 0.22


73 83 Mature M 41+ 7 2.1445 19304 2.604 75.007 31.453 30.612 2.843 36.977 257748 278062 11.74 12.66


74 83 No Buffer NB 0-20 5 0.5206 4729 1.542 13.993 30.048 28.551 1.293 37.334 356454 245787 66.86 46.10


75 83 Partial 
Buffer


PB 0-20 0 0.1733 1389 0.313 18.000 30.538 32.000 0.380 32.969 0 0 0 0


76 83 Submature SM 21-40 3 0.2293 1208 0.051 31.232 19.395 18.094 1.313 21.653 10452 10452 4.45 4.45


77 101 Full Buffer FB 0-20 1 0.6592 5942 4.305 9.604 27.769 25.654 7.792 37.057 420000 420000 62.22 62.22


78 101 Mature M 41+ 32 1.7206 20608 14.729 51.864 44.197 43.918 9.072 49.196 16620361 13286463 943.34 754.12


79 101 No Buffer NB 0-20 21 0.7754 8147 11.710 10.438 40.983 40.354 6.929 43.133 1100873 721574 138.64 90.88


80 101 Partial 
Buffer


PB 0-20 27 1.0533 12658 15.538 10.537 44.090 43.094 8.638 49.383 1099606 1079517 101.95 100.08


81 101 Submature SM 21-40 0 0.1189 1451 13.214 36.792 44.727 44.618 8.402 50.174 0 0 0 0


82 105 Full Buffer FB 0-20 0 0.2928 2893 2.934 15.567 32.293 30.872 10.182 40.601 0 0 0 0


83 105 Mature M 41+ 1 1.2679 12994 3.303 58.037 33.109 32.208 8.825 42.107 648 200 0.05 0.02


84 105 No Buffer NB 0-20 1 0.3815 4820 1.842 12.420 33.824 33.271 18.265 51.763 450000 20000 115.18 5.12


85 105 Partial 
Buffer


PB 0-20 1 0.1796 2575 5.546 12.228 38.836 37.790 20.170 58.870 18480 12012 10.05 6.53


86 105 Submature SM 21-40 1 1.5688 19392 3.262 24.440 28.916 26.506 21.246 50.823 2520 2016 0.16 0.13


87 109 Full Buffer FB 0-20 0 0.1476 1822 19.621 9.684 42.127 37.258 10.345 50.868 0 0 0 0


88 109 Mature M 41+ 2 0.1436 2368 33.843 56.682 50.127 48.728 20.503 67.805 6125 1225 4.16 0.83
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Row Block Treatment Treat_
Abbr


Count Area_
SqMi


Med-
High_Slp-
Stab


PctGT65 AreaWt-
StandAge


AreaWt-
MeanSlope


AreaWt-
MedSlope


Area-
WtHigh-
Haz


AreaWt-
MedHigh


InitSed-
Vol_ft3


Deliver-
Vol_ft3


Init-
SedTPA


Deliv-
erSEDT-
PA


89 109 No Buffer NB 0-20 3 0.0801 1991 67.008 14.626 72.385 75.742 37.259 101.897 45960 102000 56.02 124.34


90 109 Partial 
Buffer


PB 0-20 11 0.2249 3570 33.565 13.866 54.725 55.696 19.308 65.402 678729 819666 294.69 355.89


91 109 Submature SM 21-40 78 3.8306 72666 48.207 30.844 61.857 62.776 24.776 77.924 4728949 7687194 120.56 195.97


92 116 Full Buffer FB 0-20 4 1.7273 16691 2.995 16.255 28.730 27.180 11.526 39.705 17885 34765 1.01 1.97


93 116 Mature M 41+ 3 0.8831 12015 10.646 55.839 35.263 32.205 20.987 55.996 12798 12598 1.42 1.39


94 116 No Buffer NB 0-20 2 0.3239 3012 0.438 14.819 25.282 24.759 13.325 38.151 25920 20000 7.82 6.03


95 116 Partial 
Buffer


PB 0-20 2 0.7621 6878 3.073 18.267 32.351 32.189 9.274 37.035 148800 14916 19.07 1.91


96 116 Submature SM 21-40 3 0.3660 2173 0 22.767 20.020 18.827 2.445 24.366 3330 3013 0.89 0.80


97 123 Full Buffer FB 0-20 1 1.4830 9299 0.315 8.389 17.922 16.459 8.317 25.791 364900 291920 24.03 19.22


98 123 Mature M 41+ 2 0.6672 4306 0.603 49.748 17.611 16.140 7.683 26.501 21426 19093 3.14 2.79


99 123 No Buffer NB 0-20 2 0.8512 6496 0.617 14.665 21.426 20.027 8.898 31.387 20268 33893 2.33 3.89


100 123 Partial 
Buffer


PB 0-20 1 0.2589 1960 0 9.127 18.312 16.992 10.095 31.244 18750 8000 7.07 3.02


101 123 Submature SM 21-40 4 0.8651 3970 0.640 28.270 16.000 13.794 4.653 18.815 46221 52800 5.22 5.96


102 154 Full Buffer FB 0-20 3 1.3884 8284 0.476 12.998 23.471 22.713 0.344 24.556 5510 5350 0.39 0.38


103 154 Mature M 41+ 1 0.7185 5438 2.240 63.749 29.195 27.776 1.529 31.030 720 720 0.10 0.10


104 154 No Buffer NB 0-20 5 0.8386 5630 3.189 16.924 29.402 27.493 2.064 27.587 36260 24694 4.22 2.88


105 154 Partial 
Buffer


PB 0-20 0 0.3210 2310 3.408 16.158 29.388 27.073 2.005 29.483 0 0 0 0


106 154 Submature SM 21-40 2 0.2731 2000 4.293 26.754 29.016 24.321 2.848 30.121 8496 7963 3.04 2.85


E.2	 Road	data	summarized	by	block	and	treatment


Row Block Treatment Treat_Abbr Road_length_mi Count Density_mi Density_SqMi InitVol_ft3 DeliverVol_ft3 InitSed_TPA DelSed_TPA


1 1 Mitigated Mit 2.69 0 0 0 0 0 0 0


2 1 Standard Std 9.42 0 0 0 0 0 0 0


3 1 Substandard Sub 2.35 0 0 0 0 0 0 0


4 2 Abandoned Abd 0.16 0 0 0 0 0 0 0


5 2 Mitigated Mit 1.65 0 0 0 0 0 0 0


6 2 Orphaned Oph 5.83 7 1.20 105.57 210506 829623 310.03 1221.87


7 2 Standard Std 16.42 1 0.06 5.36 49725 44000 26.03 23.03


8 2 Substandard Sub 8.15 7 0.86 75.63 282522 214957 298.08 226.79


9 7 Abandoned Abd 3.28 4 1.22 107.35 396375 167315 1038.88 438.52


10 7 Mitigated Mit 2.33 5 2.15 188.96 282336 280136 1042.01 1033.89


11 7 Orphaned Oph 4.32 7 1.62 142.48 1080786 1264936 2148.31 2514.34


12 7 Standard Std 15.42 15 0.97 85.58 2917230 1691269 1625.31 942.28


13 7 Substandard Sub 4.39 5 1.14 100.28 616482 1100267 1207.44 2154.98


14 28 Abandoned Abd 0.35 0 0 0 0 0 0 0


15 28 Mitigated Mit 0.93 0 0 0 0 0 0 0


16 28 Orphaned Oph 0.18 0 0 0 0 0 0 0


17 28 Standard Std 8.88 0 0 0 0 0 0 0


18 28 Substandard Sub 6.09 0 0 0 0 0 0 0


19 35 Abandoned Abd 3.28 5 1.52 134.15 339954 809571 890.73 2121.19


20 35 Mitigated Mit 7.80 14 1.79 157.94 359020 597377 395.54 658.15


21 35 Orphaned Oph 4.47 4 0.90 78.78 67705 269600 130.21 518.51


22 35 Standard Std 11.36 16 1.41 123.95 1339595 1195412 1013.48 904.40


23 35 Substandard Sub 7.64 16 2.09 184.29 824400 1183025 927.31 1330.70


24 36 Abandoned Abd 1.22 0 0 0 0 0 0 0


25 36 Mitigated Mit 2.08 1 0.48 42.27 1080 1080 4.46 4.46
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Row Block Treatment Treat_Abbr Road_length_mi Count Density_mi Density_SqMi InitVol_ft3 DeliverVol_ft3 InitSed_TPA DelSed_TPA


26 36 Orphaned Oph 1.07 0 0 0 0 0 0 0


27 36 Standard Std 22.40 2 0.09 7.86 66900 45750 25.67 17.55


28 36 Substandard Sub 6.03 4 0.66 58.34 34094 45646 48.56 65.01


29 47 Abandoned Abd 0.20 0 0 0 0 0 0 0


30 47 Mitigated Mit 1.45 0 0 0 0 0 0 0


31 47 Orphaned Oph 1.36 0 0 0 0 0 0 0


32 47 Standard Std 10.07 1 0.10 8.74 400 400 0.34 0.34


33 47 Substandard Sub 0.67 0 0 0 0 0 0 0


34 61 Abandoned Abd 1.67 0 0 0 0 0 0 0


35 61 Mitigated Mit 2.96 0 0 0 0 0 0 0


36 61 Orphaned Oph 0.35 0 0 0 0 0 0 0


37 61 Standard Std 20.26 0 0 0 0 0 0 0


38 61 Substandard Sub 3.76 1 0.27 23.43 9792 7851 22.40 17.96


39 65 Abandoned Abd 0.65 0 0 0 0 0 0 0


40 65 Mitigated Mit 1.76 0 0 0 0 0 0 0


41 65 Orphaned Oph 8.28 2 0.24 21.25 30259 29900 31.40 31.03


42 65 Standard Std 3.71 0 0 0 0 0 0 0


43 65 Substandard Sub 1.61 1 0.62 54.53 26040 23000 138.67 122.48


44 71 Abandoned Abd 0.17 0 0 0 0 0 0 0


45 71 Mitigated Mit 2.15 0 0 0 0 0 0 0


46 71 Orphaned Oph 1.16 1 0.86 75.78 1728 1080 12.79 7.99


47 71 Standard Std 15.51 0 0 0 0 0 0 0


48 71 Substandard Sub 5.27 0 0 0 0 0 0 0


49 72 Mitigated Mit 3.44 4 1.16 102.23 170210 131700 424.82 328.71


50 72 Orphaned Oph 1.50 0 0 0 0 0 0 0


51 72 Standard Std 16.83 9 0.53 47.06 172552 88542 88.11 45.21


52 72 Substandard Sub 5.84 0 0 0 0 0 0 0


53 73 Abandoned Abd 0.33 0 0 0 0 0 0 0


54 73 Mitigated Mit 1.91 0 0 0 0 0 0 0


55 73 Orphaned Oph 0.86 0 0 0 0 0 0 0


56 73 Standard Std 20.49 19 0.93 81.61 350915 246063 147.19 103.21


57 73 Substandard Sub 1.61 1 0.62 54.49 131820 129600 701.46 689.65


58 78 Abandoned Abd 0.26 0 0 0 0 0 0 0


59 78 Mitigated Mit 1.72 0 0 0 0 0 0 0


60 78 Orphaned Oph 0.17 1 6.06 533.17 135000 135000 7029.11 7029.11


61 78 Standard Std 15.65 0 0 0 0 0 0 0


62 78 Substandard Sub 9.85 1 0.10 8.93 900 750 0.79 0.65


63 80 Abandoned Abd 4.58 0 0 0 0 0 0 0


64 80 Mitigated Mit 2.20 0 0 0 0 0 0 0


65 80 Standard Std 16.46 0 0 0 0 0 0 0


66 80 Substandard Sub 6.70 0 0 0 0 0 0 0


67 82 Abandoned Abd 0.29 0 0 0 0 0 0 0


68 82 Mitigated Mit 2.22 0 0 0 0 0 0 0


69 82 Orphaned Oph 0.52 0 0 0 0 0 0 0


70 82 Standard Std 23.66 6 0.25 22.32 203028 236292 73.75 85.83


71 82 Substandard Sub 1.73 0 0 0 0 0 0 0


72 83 Abandoned Abd 5.33 0 0 0 0 0 0 0


73 83 Mitigated Mit 2.69 0 0 0 0 0 0 0


74 83 Standard Std 6.86 2 0.29 25.67 18220 8792 22.84 11.02


75 83 Substandard Sub 1.16 0 0 0 0 0 0 0
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Row Block Treatment Treat_Abbr Road_length_mi Count Density_mi Density_SqMi InitVol_ft3 DeliverVol_ft3 InitSed_TPA DelSed_TPA


76 101 Abandoned Abd 0.31 0 0 0 0 0 0 0


77 101 Mitigated Mit 5.01 0 0 0 0 0 0 0


78 101 Orphaned Oph 1.10 0 0 0 0 0 0 0


79 101 Standard Std 12.45 5 0.40 35.34 408096 422781 281.66 291.79


80 101 Substandard Sub 1.88 0 0 0 0 0 0 0


81 105 Abandoned Abd 1.91 0 0 0 0 0 0 0


82 105 Mitigated Mit 1.68 0 0 0 0 0 0 0


83 105 Standard Std 12.97 0 0 0 0 0 0 0


84 105 Substandard Sub 2.55 0 0 0 0 0 0 0


85 109 Abandoned Abd 12.08 11 0.91 80.12 1398275 1396294 994.63 993.22


86 109 Mitigated Mit 3.47 3 0.86 76.03 3448750 4426250 8535.75 10955.09


87 109 Orphaned Oph 0.28 0 0 0 0 0 0 0


88 109 Standard Std 14.05 17 1.21 106.45 1722186 2405453 1053.07 1470.87


89 109 Substandard Sub 6.26 3 0.48 42.17 41403 35053 56.84 48.12


90 116 Abandoned Abd 0.35 0 0 0 0 0 0 0


91 116 Mitigated Mit 1.24 0 0 0 0 0 0 0


92 116 Orphaned Oph 2.39 2 0.84 73.76 18144 18144 65.35 65.35


93 116 Standard Std 15.50 1 0.06 5.68 8400 8400 4.66 4.66


94 116 Substandard Sub 1.49 0 0 0 0 0 0 0


95 123 Abandoned Abd 2.33 0 0 0 0 0 0 0


96 123 Mitigated Mit 2.05 0 0 0 0 0 0 0


97 123 Orphaned Oph 1.15 0 0 0 0 0 0 0


98 123 Standard Std 30.11 3 0.10 8.77 12000 12300 3.42 3.51


99 123 Substandard Sub 2.38 0 0 0 0 0 0 0


100 154 Abandoned Abd 2.50 0 0 0 0 0 0 0


101 154 Mitigated Mit 2.39 1 0.42 36.89 162000 54000 583.55 194.52


102 154 Orphaned Oph 0.89 0 0 0 0 0 0 0


103 154 Standard Std 12.92 0 0 0 0 0 0 0


104 154 Substandard Sub 3.13 0 0 0 0 0 0 0
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Appendix F: Block mAps


This section includes a map for each block showing the relative location of all mapped landslides 
along with harvest treatment delineations. 
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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Harvest treatment:


No buffer (NB)
Partial buffer (PB)
Full buffer (FB)
Submature (SM)
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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No buffer (NB)
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Submature (SM)
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.


1:20,000


Harvest treatment:


No buffer (NB)
Partial buffer (PB)
Full buffer (FB)
Submature (SM)
Mature (M)


Landslide


Road
Hillslope


event location
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.


1:20,000


Harvest treatment:


No buffer (NB)
Partial buffer (PB)
Full buffer (FB)
Submature (SM)
Mature (M)
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.


1:27,000


Harvest treatment:


No buffer (NB)
Partial buffer (PB)
Full buffer (FB)
Submature (SM)
Mature (M)
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Road
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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Harvest treatment:


No buffer (NB)
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Landslide


Road
Hillslope


event location







	 Appendix	F:	Block	maps	 |	F-17


NB


NB


FB


NB


NB


FB
SM


SM


M


SM


M


FB


M


MFB


M


FB
FB


FB


NB


NB


NB FB


FB


PB


NB


FB


M


M


M


M


MM


M FB


M


M


M


M


FB


M


M


M


M


M


M


M


FB


FB


FB


FB


FB


M


M


M


M


M


M


M


FB


FB


FB
FB


SM


NB


400ft


1200 ft


1600 ft


200 ft


600ft


1000ft


14
00


 ft


1800 ft


18
00


 ft


16
00


 ft


800 ft


1200 ft


1000 ft


200 ft


1400 ft


400 ft


12
00


 ft


1000 ft


60
0 


ft


80
0 


ft


Block 83
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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Miles


Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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Harvest treatment:


No buffer (NB)
Partial buffer (PB)
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Submature (SM)
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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Harvest treatment:


No buffer (NB)
Partial buffer (PB)
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Submature (SM)
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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No buffer (NB)
Partial buffer (PB)
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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Harvest treatment:


No buffer (NB)
Partial buffer (PB)
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Submature (SM)
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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Harvest treatment:


No buffer (NB)
Partial buffer (PB)
Full buffer (FB)
Submature (SM)
Mature (M)
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Landslides and harvest treatment groups by
block.  Cross-hatch used to indicate buffers, 
Ortho photography flown between April and 
May of 2008.
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A Post Mortem examination of the landslide response to  the
December Storm in Southwestern Washington


2009 NAIP shown
as background







  


 


 


 


1 


Questions Leading to a Forests & Fish Policy 


Adaptive Management Recommendation to the Forest Practices Board  


 


Project title:  Mass Wasting Effectiveness Monitoring Project 


Report title:  The Mass Wasting Effectiveness Monitoring Project: An examination of the 


landslide response to the December 2007 storm in Southwestern Washington 


(Version 8a). 


 


1.Does the study inform a rule, numeric target, performance target, or resource 


objective? 


 


CMER majority 


 


Yes. This study informs rules and performance targets (see question 2 below). 


 


Minority opinion 


 


Kroll below: 


 


No. The study remains an incomplete draft that is the subject of a dispute over 


the study design and interpretation of results.  Until these substantive issues are 


resolved to the satisfaction of all CMER members, it is premature to state that the 


report informs any rule, numeric target, performance target, or resource objective. 


 


Lingley below: 


 


No. This study cannot inform the performance targets because estimates of the 


volumes sediment delivery to streams and natural background rates of sediment 


delivery, on which this study is based, are subject to unacceptably high 


uncertainty. (See question 2 below).  The author’s previous responses to this 


concern are unconvincing.  Moreover, many other experienced geologists have 


considered the issue of sediment delivery volume and concluded that without pre- 


and post-storm very-high resolution surveys, one simply cannot make 


meaningfully estimates.  


 


 


2. Does the study inform the Forest Practices Rules, the Forest Practices Board 


Manual guidelines, or Schedules L-1 or L-2?  


  


CMER majority 


 


The study addresses the Forest Practices Rules that identify potentially unstable landforms that 


require additional review when proposed for management (WAC 222-16-050 (1)(d)(i)).  This 


study evaluated the extent of landslide occurrence within harvest units (treatments) that were 


characterized by stand age and the extent of harvest activity on rule-identified landforms, and 


from road segments defined by road condition.  
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The study addresses the functional target for sediment from the Forests & Fish Report, 


including the following measure and performance targets (quoted from Schedule L-1):  


 


Measure: Mass wasting sediment delivered to streams 
  Performance Targets:  


• Road-related: virtually none is triggered by new roads; favorable trend on old 


roads.  


• Timber harvesting-related: no increase over natural background rates from 


harvest on a landscape scale on high risk sites. 


 


A secondary focus of the study was to address how landslide processes affect functional 


targets for Large Woody Debris recruitment.  This study examined the occurrence of 


wood recruitment to streams resulting from landslides but not from other recruitment 


sources. 


 


Minority opinion 


 


Kroll below: 


 


Given the substantial amount of uncertainty in a large portion of the results, the study 


may not provide information that can serve reliably as the basis for changes in rules and 


guidelines.  Many of the statistical tests yielded non-significant differences, yet the report 


largely ignores those results and instead offers speculative interpretations and conclusions 


based on expected outcomes. 


 


Lingley below: 


 


This study does not actually address many potentially unstable slopes and 


landforms that require additional review when proposed for management.  In 


order to be classified as “Rule Identified”, proposed harvest units on or near 


potentially unstable slopes or landforms must be examined at the prescription 


scale (i.e., these must be field verified by the department).   During this field 


verification process, areas with features that cumulatively indicate the presence of 


unstable slopes are commonly observed and(or) site specific modifications to 


harvest boundaries are imposed.  These observations and modifications are 


critical to assuring slope stability.  For this reason, management activities are 


required to comply with the specific FPA, rather than comply only with the 


generalized and less restrictive descriptions of potentially unstable slopes or 


landforms given in the Definition Section of the rule (WAC 222-16-050). Because 


the authors did not examine any specific FPAs, the effectiveness of the current 


rules may be much better or much worse than indicated in the Post Mortem.  


 


Some potentially unstable landforms that triggered landslides during the 2007 


storm were likely obliterated by those same landslides, so one cannot make 
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meaningful assumptions as to whether a particular landslide occurred outside of a 


Rule Identified Landform (RIL). 


 


Substantial parts of the randomized blocks were managed under Watershed 


Analyses Rules using Mass Wasting Map Unit prescriptions, rather than RIL-


based regulations, which are the subject of the Post Mortem study. This separate 


regulatory scheme cannot be used to assess the effectiveness of the RIL regulatory 


approach. 


 


This project is not able to “inform the performance target in Schedule L-1” of the Forests 


and Fish report because the natural background rate of sediment delivered to streams has 


not been established. The Study Design stated that, “Unfortunately, the 41+ year age 


class does not represent old growth conditions and cannot be used to evaluate natural 


background; this will be addressed in the Mass Wasting Landscape-Scale Effectiveness 


Monitoring Project” (Study Plan, page 16). The Post Mortem, Version 8a states (page 


10) that “the mature treatment” is considered a critical treatment because it serves as a 


baseline against which other treatments are compared, though it is not presumed to 


represent old-growth or natural background conditions’ (Dieu et al., 2008)”. However, 


the authors persist in using the mature treatment as a proxy for a natural background rate. 


 


3. Was the study carried out pursuant to CMER scientific protocols (i.e., study 


design, peer review)?      


  


CMER majority 


 


All required steps were followed.  The Study Design was reviewed and approved by 


consensus by UPSAG, CMER, and an Independent Science Peer Review (ISPR).   


 


The study report went through review by UPSAG, CMER and ISPR.  The pre-ISPR 


CMER review was approved by consensus.  The post-ISPR CMER review resulted in 


non-consensus (7 in favor, 3 opposed).  


 


Minority opinion 


 


Kroll below: 


 


Many significant study design issues identified in the ISPR review were never 


resolved, and instead considered to be “out of scope” in subsequent review steps.  


Additional comments by CMER and UPSAG reviewers were left unaddressed by 


the authors for the same reason.  As a result, technical review was incomplete.  


Due to technical problems with the study design, the report does not support 


reliable inference and conclusions about associations between landslide 


density/delivery and forest management practices. 
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Lingley below: 


 


The study was not approved by UPSAG nor was it approved by a consensus of 


CMER. 


 


The Post Mortem study was not subjected to a peer review as generally 


understood in the scientific community in that: 


 


Many substantive changes occurred after the ISPR review, yet ISPR was never 


shown these modifications nor were points of contention refereed by an expert 


editor.  Version 8a contains 23 new paragraphs in the Executive Summary, and 


another 53 changes included in the body of the report.  Twenty two new maps of 


clusters were added to the final draft as per our repeated request, but neither ISPR 


nor dissenting UPSAG members were given adequate opportunity to comment on 


the relation of these raw data to findings in the report. 


 


In my opinion, the authors have not been responsive to many criticisms raised 


during the UPSAG, CMER, and ISPR review processes.     


 


More importantly, although UPSAG and ISPR both requested a landscape-scale 


map of all landslides in the study area, this map was never provided to ISPR, and 


UPSAG received these basic data so late in the process that we haven’t been able 


to check the author‘s analysis.  These are key data, because one would naturally 


want to know if many landslides are clustered in a specific geologic unit that is a 


bad actor, or in the highest elevations where some rain-on-snow effects may have 


occurred.  The authors assure us that the random block design proves this isn’t the 


case, but the reviewers certainly wanted to check this key conclusion themselves. 


 


4. What does the study tell us?  


 


CMER majority 


 


Study results suggest the buffer treatments have reduced landslide impacts in 


comparison to unbuffered harvest practices. Whether current buffer and road 


requirements are adequate to meet FFR resource objectives for channel processes and 


the viability of aquatic organisms remains unresolved.  


 


Minority response 


 


Kroll  below:  


 


I have commented on technical issues in The Mass Wasting Effectiveness 


Monitoring Project report previously, including a minority report (May 14, 2012), 


technical comments (April 4, 2012), and technical comments (March 28, 2011). 
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Critical Question 1: “Are the Forest Practices Rules effective in reducing the num-


bers and volume of sediment delivered by management-


induced landslides?” 


 


CMER majority 


 


Effectiveness for hillslope landslides 


Although many of the results explained in Chapters 5 and 6 can inform the question of rule 


effectiveness, the most directly relevant are comparisons of landslide metrics within the two 


critical harvest treatments – No Buffer and Full Buffer – relative to Mature forest, which 


serves as a baseline (Section 2.2).  


The No Buffer treatment had a significantly higher landslide density (a 65% increase) than 


Mature forest once the effect of sample block (largely a surrogate for precipitation intensity) 


and slope gradient were accounted for (Figure 6-2 and Table 6-7). The Full Buffer treatment 


had a landslide density that was intermediate to Mature and No Buffer (17% more than 


Mature, 30% less than No Buffer) but not statistically different from either. For the two 


sediment volume metrics – Initial Yield and Delivery volume - No Buffer delivered 


significantly more sediment than either Mature or Full Buffer (347% and 558% increase 


respectively – see Figure 6-6 and Table 6-17). In contrast, Full Buffer delivered sediment 


volumes that were lower than, and not statistically different from, Mature forest (Table 7.1).  


The authors believe that the alignment of differences in mean densities and significant 


differences in volumes collectively provides sufficient support for the conclusion that buffers 


were effective.  


These findings indicate harvest without buffers (i.e., No Buffer) resulted in a larger number 


of delivering landslides and greater volume of sediment delivery than would be expected in 


Mature forest. In contrast, Full Buffer resulted in a landslide volume that was similar to 


Mature, but a density that was not statistically different than either No Buffer or Mature. This 


indicates that complete buffering is effective at reducing sediment volumes, but has an 


indeterminate effect on landslide density. All these comparisons are subject to the 


interpretation issues noted in Section 7.2 (e.g., influences of stand age). 
 


Effectiveness for road-related landslides 


Study results were generally not able to support significant differences in landsliding 


between road treatments.  The most relevant test of Forest Practice Rule effectiveness for 


roads is the comparison of landslide metrics within the two critical road treatments that meet 


rules – Standard and Mitigated – relative to Substandard roads. Differences among the three 


critical road treatments (Standard, Substandard, and Mitigated) are statistically inconclusive 


for all metrics. In Section 7.3.2, we comment on factors that may have contributed to the lack 


of statistically significant differences; the most important factors appear to be the limited 


number and spatial clumping of the road-related landslides. 


Results indicate that landslides from Abandoned roads generated less sediment per 


road mile than all other road treatments except Mitigated, and delivered less sediment 


to public resources than Standard or Substandard roads (Tables 6-18 and 6-19). The 
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landslide density for Abandoned roads is also lowest of all road treatments (Table 5-


17), although differences in landslide density among the road treatments were not 


statistically significant. 


 


Minority opinion 


 


Kroll below: 


 


Number of Landslides 


 


The PM report found significant differences in landslide density between the No 


Buffer (NB) treatment and the Mature (M) treatment (Figure 6-1; p. 76, v. 8a).  


Landslide density did not differ significantly between either the Full Buffer (FB) 


and Mature treatments or the Full Buffer and No Buffer treatments.  As a result, 


the PM report concluded that complete buffering has “an indeterminate effect on 


landslide density” (p. 90, v. 8a). 


 


The validity of this conclusion is difficult to assess due to the nature of the PM 


study design. First, FFR harvest-related unstable slope prescriptions are less than 


15 years of age, and are thus younger in age than other prescriptions.  As a result, 


harvest unit age is confounded with the 5 treatment prescriptions, because many 


of the harvest units in the Submature (SM) and Mature treatment categories were 


harvested before FFR prescriptions were implemented.  Also, the average harvest 


unit age in the No Buffer treatment is greater than either the Partial Buffer or 


Full Buffer treatments (Table 5-21; p. 64, v. 8a).  The steep hydrologic recovery 


and limited root strength recovery > 10 years after harvest cited by PM authors (p. 


9, v. 8a) suggest that differences across the 3 young treatments may have been a 


factor in study results. 


 


Second, it is difficult to determine how many landslides were management-related 


and the effectiveness of site-specific practices because landscape conditions 


represented a mixture of watershed analysis and Forest and Fish Rule 


prescriptions for riparian zones. For example, the size and placement of riparian 


buffers are not based exclusively on the presence of RILs.  Also, RILs were not 


mapped across the study landscape.  If true population size is unknown, it is 


impossible to determine whether buffered RILs were less likely to fail than 


unbuffered RILs, given similarity in other conditions such as precipitation and 


stand age.  Due to these issues, the PM report states that “the comparison of 


buffer effectiveness among treatments is really a test of the effectiveness of all 


buffer types as they limit either landslide initiation or landslide delivery; the 


effectiveness of unstable slope buffers to limit landslide initiation cannot be 


separately quantified by this study design” (p. 10, v. 8a). The PM report cannot 


distinguish management landslides from non-management related landslides, and 


it cannot assess the effectiveness of unstable slope (RIL) buffers specifically. 


 







  


 


 


 


7 


Finally, Reviewer #1 in the ISPR review emphasized the importance of adhering 


to the results of statistical tests. That is, significant results indicate differences in 


landslide density and non-significant results indicate a lack of difference.  The 


non-significant differences between the Full Buffer and No Buffer treatments 


indicate substantial uncertainty exists about the effectiveness of buffers in 


reducing landslide density. 


 


Volume of Delivered Sediment 


 


The PM report found significant differences in initial sediment yield between the 


No Buffer treatment and both the Full Buffer and Mature treatments (Table 6-11; 


p. 81, v. 8a).  However, significant differences in delivered sediment yield were 


only found between the No Buffer and Submature treatments (Table 6-14; p. 83, 


v. 8a). 


 


The data used to conduct these statistical tests carry substantial uncertainty. First, 


measurements of delivered sediment yield were characterized by a significant 


amount of bias and variation within and across observers (Figure A-2, p. A-5, 


Appendices to The Mass Wasting Effectiveness Monitoring Project: A Post-


Mortem examination of the landslide response to the December 2007 storm in 


Southwestern Washington).  If the sampled data were inaccurate, results from 


statistical tests may be spurious.  At the very least, confidence interval coverage 


for statistical tests will be overly optimistic. Either way, resulting inferences will 


mischaracterize any associations between the 5 treatments and sediment delivery. 


 


Second, the different treatments may have unequal inherent risk of delivering 


sediment.  For example, the Full Buffer treatment has lower slope gradients on 


average than the other 4 treatments (Table 5-16; p. 65, v. 8a).  Also, the Partial 


Buffer treatment is the only treatment that must have, by definition, a rule-


identified landform (RIL).  Rule-identified landforms have been identified as 


landscape features particularly prone to landslide events (pp. 4-5, v. 8a).  


Although the PM report attempted to control for differences in slope by including 


the effect of median slope gradient within treatment tests (p. 74, v. 8a), it remains 


unclear whether this covariate remedied the problem. The PM authors state that 


the “degree to which the slope index fully captured differences in susceptibility 


among treatments remains unknown” (p. 96, v. 8a). Similarly, the PM report did 


not map RILs within the study area and assumed that RIL distribution was 


equivalent across the 5 treatment types (p. 10, v. 8a). 


 


Third, and perhaps most critically, the PM report was unable to identify site-


specific triggers for ~85% of the landslides sampled in the PM study.  As a result, 


any interpretations about management-related influences are conjectural because 


no evidence is available to either support or refute such interpretations. 
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Lingley below: 


 


The first part of this question cannot be answered because the study does not 


address actual RILs (see above).   


 


The second part of this question cannot be answered using the Post Mortem study 


because estimates of sediment delivery used in the report are subject to 


unacceptably high uncertainty.  During the Observer-Variability Exercise used to 


assess the accuracy of the sediment delivery measurements this study, nine 


landslides were analyzed using pre- and post-storm, high-resolution-LIDAR 


based cut-and-fill determinations.  The actual values of sediment delivery were 


then calculated using GIS software.  Then, in a blind test, thirteen individuals 


including two geomorphologists were asked to estimate sediment delivery 


volumes for these nine landslides.  Variance from the accurate cut-and-fill 


analysis ranged from +416% to 2%, which comes as no surprise to experienced 


field personnel.  (See Figure A-2, Post Mortem Appendices, page 6).  The 


author’s earlier response to this issue is not convincing.   


 


The Post Mortem states that, “Because RIL buffers could not be distinguished 


from riparian or other buffers during treatment delineation; the study tested the 


effectiveness of all types of buffers at reducing landslide initiation and sediment 


delivery” (Post Mortem, Version 8a, page 89). However, the intent of the project 


was to delineate buffers on RILs only.  The inclusion of riparian buffers without 


knowing if these are related to actual RIL-like landforms has the effect of diluting 


the results, which in turn creates uncertainty in their findings.  For example, local 


mass wasting by stream bank erosion, a ubiquitous and natural process, is 


included as “sediment delivery” in their assessment of mass wasting buffer 


effectiveness. 


 


These conclusions are likely invalid owing to great uncertainty in sediment 


delivery volume, failure to limit the study to actual RILs as defined in the relevant 


FPAs, and (or) imprecise delineation of treatments (see below). 


 


Critical Question 2: “Is the greatest proportion of landslide delivery from harvest units or 


roads?” 


CMER majority 


 


Based on simple count metrics without area normalization, hillslope landslides 


account for the greatest proportion (81%) of the delivering landslides, and they 


contributed a much greater proportion (77%) of sediment to public resources than 


road-related landslides (Table 7-2).  
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Minority opinion 


 


Kroll below: 


 


The PM report found that hillslope landslides delivered the largest amount (78%) 


of sediment in total (Table 7-2; p. 91, v. 8a).  Also, active and inactive roads 


delivered the largest amount (28% and 56%, respectively) of sediment by unit 


area (Table 7-2; p. 91, v. 8a). 


 


Hillslopes occupy the largest proportion of the study area, so the result that they 


contributed the most sediment in total is intuitive.  Although road-related 


landslides contributed ~4 times the amount of sediment per unit area as hillslope 


landslides (p. 101, v. 8a), the PM report notes that road-related landslides were a 


smaller proportion of the total number of landslides than found in previous 


studies. 


 


However, in addition to the problems associated with the measurement of 


sediment delivery volume, making specific statements about effectiveness of road 


maintenance practices across studies is hampered by two issues.  First, road 


maintenance practices have changed through time and may differ by study area 


and within study area by ownership.  Also, study regions may experience storms 


of varying magnitude and frequency (i.e., the strength of treatment effects may 


differ by region), in which cases roads are “tested” under a range of conditions 


that render comparisons difficult. 


 


Lingley below: 


 


In many cases, accurate determination of trigger mechanisms is a notoriously 


difficult problem, even for experienced geoscientists.  Moreover, reliable 


sediment delivery volumes needed to make these conclusions are unavailable. 


 


Critical Question 3: “Which harvest unit prescriptions or road improvements are 


performing well? Which are performing poorly?” 


  


CMER majority 


 


The broad-scale retrospective sampling design focused on ‘treatments’ at the harvest unit and 


road segment scales rather than individual site-scale prescriptions. This makes it difficult to 


identify which individual prescriptions are performing well and which are performing poorly, 


but a few conclusions are possible.  
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Harvest prescriptions 


As discussed in response to Critical Question 1, retaining buffers on unstable 


landforms reduced the volume of sediment delivered to public resources and it also 


increased the probability that landslides would deliver woody debris to streams 


(Figure 5-14).  


 


Road prescriptions 


Results supported the stabilizing effect of road abandonment, which involves removal 


of culverts and unstable fill material. The addition of water bars and other new drain-


age points also made Abandoned roads less vulnerable to ditch and drainage crossing 


obstructions. Mitigated roads are likely to have similarly benefited from unstable fill 


removal and upgraded drainage features. Identifying which of these specific 


prescriptions contributed most to the collective success of Abandoned and Mitigated 


roads would require a site-scale experimental study (Appendix B.5). 


 


Minority opinion 


 


Kroll below: 


 


The study design was not adequate to evaluate this question. The PM report 


indicates that the “decision to focus the sampling design on ‘treatments’ rather 


than individual prescriptions makes it difficult to identify which individual 


prescriptions are performing well and which are performing poorly” (p. 92, v. 8a).  


 


The PM report states that retention of buffers on RIL reduced the “volume of 


sediment delivered to public resources…”(p. 92, v. 8a) and concludes that 


“effectiveness of RIL buffering is greatest when all RIL are buffered…(p. 92, v. 


8a). However, the PM study did not map individual RILs in the PM study area 


(“during the development of the study design, it was decided that the mapping 


individual RIL over the entire study area was infeasible;” p. 10, v. 8a). In 


addition, it is unknown whether treatments (i.e., retention of buffers on individual 


RILs) were applied randomly or as a result of RIL type or site-specific factors. As 


a result, the effectiveness of RILs cannot be determined conclusively based on 


evidence presented in the PM report. 


 


Lingley below: 


 


Harvest treatments were delineated for Full Buffers, No Buffers, or Partial 


Buffers, but these designations are largely irrelevant because in many areas 


landowners didn’t always have to leave buffers around RIL-like landforms under 


Watershed Analysis Rules.   
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The Partial Harvest treatment polygons can include very large areas surrounding 


small buffered zones.  In some case, these buffered zones are not related to slope 


stability concerns.   


 


For example, in the aerial photograph reproduced below, the large harvest 


treatment polygon that includes arrow #3 has four small “partial buffers” (PB) 


implying that partial harvest of slope stability buffers had occurred over the entire 


Partial Harvest treatment polygon.  However, given the very low relief and gentle 


topography, three of these areas are almost certainly buffers for perennial 


initiation points, Type N partial buffers, wildlife leave trees, or to protect other 


resources.  Given the large size of this Partial Harvest polygon, this probable error 


may cause significant errors in the analysis.  Without looking at the FPA, one has 


no idea as to whether this treatment should be classified as ‘Full Buffer’, 


‘Partially Buffer’, or ‘No Buffer’.  Regardless, it is clear that these three buffers 
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should not be considered in an analysis of the effectiveness of the RIL rules for 


reducing sediment delivery. 


 


Critical question 4: “What are the site-scale triggering mechanisms for landslides?” 


CMER majority 


 


Despite field inspection of all landslides in this study, relatively few visually obvious 


site-scale triggers were identified.  Crews recorded any field evidence of the 


following potential triggering mechanisms at hillslope landslides: 1) soil disturbance 


from logging, 2) forest stand management activities such as herbicide treatment or 


pre-commercial thinning, or 3) focused surface water delivery from roads. Crew 


members cited one or more of these factors as contributing to landslide initiation at 


only 10% of the sites, while another 4% were associated with other management-


related factors like windthrow along buffer edges (Table 5-6 and Section 5.3).  Thus, 


at 86% of hillslope landslides, management influences were limited to harvest effects 


evaluated collectively through the buffer treatments. 


 


Even more surprisingly, field crews identified no obvious drainage contributing factor at 


68% of the road failures that occurred away from stream crossings (Table 5-7). Among the 


32% of road landslides that did have an identified contributing factor, the majority (about 


two-thirds) involved an outsloped tread and/or water delivery through a cross-drain. Of the 


failures that occurred at stream-crossings, plugged pipes contributed to 68% and fill edge 


collapse without plugging comprised another 11%. For 21% of the stream-crossing failures, 


the field crews could not determine any contributing factor.  


The strong concentration of road landslides in areas with highest precipitation (Figures 5-25 


and 5-26) supports the overwhelming importance of precipitation in road landslide initiation.   


Minority opinion 


 


Kroll below: 


 


Field crews identified site-scale triggers at less than 15% of the landslide 


initiation points identified in the study (pp. 92-93, v. 8a). 


 


Field crews identified “no obvious drainage contributing factor at 68% of the 


hillslope road failures” (p. 93, v. 8a).  Report concludes that road failures were 


“caused by factors inherent to the treatments” (pp. 93, v. 8a).  In addition, the 


report noted “a strong concentration of road landslides in blocks with highest 


precipitation (p. 93, v. 8a). 


 


In general, the study design was not adequate to quantify and identify trigger 


mechanisms at landslide initiation points. For example, trigger mechanisms were 


identified categorically, and no numeric measurements were sampled at landslide 


initiation points. 
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Lingley below: 


See my comments above and the author’s comment directly below. 


Critical question 5: “Do those triggering mechanisms vary between harvest unit or road 


types?” 


  


CMER majority 


 


The triggering mechanisms (i.e., contributing factors) were not identified frequently 


enough (~6% of all landslides had contributing factors) during field data collection to 


allow for meaningful comparison between harvest or road types.   


 


Minority opinion 


 


Kroll below: 


 


This critical question could not be addressed by the PM study.  The report states 


“The triggering mechanisms (i.e., contributing factors) were not identified 


frequently enough (~6% of all landslides had contributing factors) during field 


data collection to allow for meaningful comparison between harvest or road 


types” (p. 93, v. 8a). 


 


Martin below: 


 


Issue 


The stated conclusion that “buffers were effective” is questionable and only 


partially supported, at best, by the study results.   


 


Rationale 


The study examined two measures of landslide delivery to public resources (i.e., 


landslide density and delivered volume) and performed a statistical comparison of 


these data among three treatments (i.e., no-buffer, buffered, mature stand) to 


evaluate the effectiveness of the Forest Practices Rules (i.e., buffering unstable 


landforms) to reduce the number and volume of sediment delivery to streams. The 


analyses showed that the Full Buffer treatment had a landslide density that was 


intermediate to Mature and No- Buffer, but not statistically different from either. 


In contrast, the Full Buffer and Mature treatments had delivered sediment 


volumes that were not statistically different, but were statistically smaller than the 


No-Buffer treatment. The latter finding lends support for the stated conclusion, 


but the reliability of the landslide volume estimates for this analysis is 


questionable. Further, the interpretation of the study results for both landslide 


density and volume is confounded by uncertainties and limitations of the study 


design.  
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Landslide Volume Concerns 


The quality-control investigation of landslide volume data indicated there was 


high variability among field crew estimates of delivered landslide volume and that 


estimates tended to be biased low especially for the larger landslides. The 


potential effect of this error on the statistical results would depend on the 


distribution of individual landslide volumes among the treatments. Unfortunately, 


these data were not presented and the potential effect of such error was not 


presented in the report. Consequently, there is a valid basis to question the 


reliability of the statistical findings for delivered sediment volume.   


 


Uncertainty Concerns 


A major premise for the buffer effectiveness analysis is the assumption that the 


spatial variability of external physical factors (i.e., precipitation, hydrology, root 


strength, soil conditions, and topography) affecting landslide occurrence was 


controlled by the blocking approach (i.e., homogeny assumption) and that the 


treatments were quasi-randomly distributed within blocks. Unfortunately, no facts 


were presented to support or validate the homogeny assumption, and no 


information was given to support the claim about treatment distribution. 


Consequently, there is uncertainty concerning how physical differences among 


the study sites may have influenced the statistical comparisons among treatments; 


such uncertainty is sufficient to question the validity of the statistical findings and 


reported conclusion.   


 


The applicability of the study findings for assessing buffer effectiveness is 


confounded in-part by designing the study around one large storm event. The 


ISPR cautioned that interpretation of the study results needs to consider the fact 


that a single large event may obscure subtle differences between forest practices 


and that such an event may not be representative of smaller storms where 


secondary triggers from forest practices may have a more significant effect on 


landslide initiation. This observation is consistent with the study results which 


indicated that most hillslope landslides were not associated with a management-


related contributing factor, but landslide rates and precipitation were significantly 


correlation   


 


What does the study not tell us? 


  


CMER majority 


 


A. Inference on Landslide Effects Across a Range of Storm Magnitudes. This study is based 


on landslide response to a single very large storm event. Data collection was limited to 


managed forest lands in southwest Washington with a landslide density of at least four 


landslides triggered by the 2007 storm per four-square-mile block. The population to 


which we can strictly draw inference is therefore limited to similarly managed forests 


with similar climatic, geomorphic and land management histories; and a storm intensity 


that is able to generate a significant population of landslides over a large area. It possible 
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that the relationships observed in this event are different from patterns we might observe 


in a multi-storm study. 


B. Identification of Specific Changes Needed in RIL Definitions. The study found an 


unexpectedly high proportion of the hillslope landslides delivering to public 


resources which initiated outside of current RIL.  Further, this pattern was not 


limited to areas of highest precipitation rates.  This study was not designed to 


evaluate if these non-RIL failures were concentrated within certain slope 


gradients and landform types and, thus, is insufficient to suggest any 


modifications to the RIL criteria.  A separate study is being designed to examine 


this issue further. (Note: As discussed below in C. Validation of Current RIL and 


of Hillslope Gradient as a Criterion (Question 7), the study results support the 


continued use the current RIL definitions and of gradient as a criterion.) 


 


C. Study Insufficient to Modify Buffer Design. The study found that recently 


clearcut areas without RIL buffering (No Buffer treatment) produced significantly 


more sediment than areas of Mature (unharvested) stands, but differences between 


recently clearcut areas with and without RIL buffering (the actual test of buffer 


effectiveness) were not significant. These results, while generally supporting the 


value of buffering RIL, do not provide a quantitative measurement of the 


effectiveness of RIL buffers because the effect of buffer could not be separated 


from the inherent differences in susceptibility associated with stands of different 


ages.  Nor can the results be used directly to infer whether or not alternative 


buffer configurations would be more effective in reducing delivery of harvest-


related mass wasting because no other buffer configurations were tested.    


 


D. No Storm Trigger Threshold. The study found that landslide initiation increased 


with increasing slope and increasing precipitation.  However, the results do not 


support definition of a specific storm intensity at which point the rules are no 


longer effective. 


 


Minority opinion 


 


Lingley below: 


 


The imprecise sediment delivery volumes and failure to examine actual 


RILs render these conclusions suspect.   
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5.  What is the relationship between this study and any other CMER studies that 


may be planned, underway, or recently completed?   


 


CMER majority 


This study is one of several landslide studies in the CMER Work Plan conceived to 


evaluate the effects of forest roads and harvest on mass wasting frequency and resource 


effects, as shown below: 


 


Project Name Project Status 


 


Anticipated knowledge 


to be gained 


How will uncertainty 


be reduced? 


Unstable Slope 


Criteria 


Initial scoping performed 


by UPSAG; to be 


continued by a Technical 


Writing Group 


The study is expected to 


identify whether other criteria 


could be used to more 


accurately identify unstable 


landforms. 


The project may provide 


technical information that 


helps assess whether present 


RIL definitions require 


modification. 


Landscape scale 


MW effectiveness 


– natural 


background 


On hold The study would seek 


information on rates and 


spatial distribution of 


landslides in unmanaged 


forests.  Despite the great 


value of this knowledge, there 


are significant design 


difficulties. 


Results from this study would 


help quantify biologically 


acceptable sedimentation 


rates and facilitate validation 


of forest practices seeking to 


meet certain resource 


objectives (i.e., How much is 


too much and are we below 


that?). 


RMAP 


effectiveness? 


On hold If designed to address 


questions about site-scale 


triggers of mass wasting, this 


study could better answer 


Post-Mortem Critical 


Questions 3 and 4 for roads. 


These results could reduce 


uncertainty about the relative 


importance and site-specific 


need for several key road 


prescriptions (i.e., Where is 


sidecast pullback really 


effective?). 


Groundwater 


Recharge? 


On hold This set of studies could 


validate and potentially 


quantify the influences of 


forest practices on deep-


seated landslides. This area of 


research appears to be 


unrelated to questions that the 


Post-Mortem study has raised.  


Little is actually known about 


forest practices influences on 


deep-seated landslides; results 


might greatly reduce 


uncertainty. 
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Minority opinion 


 


Kroll below: 


 


The relationship between this study and other studies is uncertain, given the 


unresolved technical issues that have been disregarded in UPSAG, CMER, and 


during the ISPR review. 


 


Lingley below: 


 


These new projects should not be designed or initiated until reasonable scientific 


standards including an objective peer review process are implemented by CMER.   


CMER should assure that the PI and others involved in such studies have a 


thorough understanding of any rules or processes they are attempting to evaluate. 


 


 


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?  


 


CMER majority 


 


Extensive scientific literature from the Pacific Northwest has shown that clearcut 


harvest and road construction activities on marginally stable terrain can substantially 


increase (double or more) landslide rates.  Additional research has identified the key 


physical mechanisms involved: 1. Reduced soil reinforcement as tree roots decay 


after logging, 2. Increased soil moisture due to canopy removal and/or redistribution 


by road drainage features, and 3. Movement of soils onto marginal slopes during road 


construction.  Prevalent mitigation methods (including the Forest Practices Rules) 


focus on 1. Identifying unstable and marginally stable terrain (RIL) and 2. Preventing 


and/or correcting all of the destabilizing mechanisms listed above in areas of unstable 


terrain.   


 


Despite the sound conceptual basis behind this strategy, little research has been done 


that quantifies the extent to which avoiding and correcting those destabilizing 


activities will limit management-related increases in landslide rates.  There is limited 


research that documents the effectiveness of individual mitigation elements, and it 


primarily addresses road stabilization methods (i.e. road abandonment, sidecast 


removal).  Studies of the effectiveness of unharvested leave areas on unstable slopes 


are very limited.  Further, there is no documented basis for quantifying the level that 


landslide rates need to be reduced to achieve acceptable levels of resource protection 


and recovery.    


 


Perhaps due to these scientific limitations, the performance targets for landslide 


mitigation (Question 2, above) are narrative rather than quantitative.  This makes 


them more appropriate for broad guidance than as metrics for evaluation.  The goal is 
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clearly to reduce landslide rates on managed forest lands to resemble or trend toward 


landslide rates equal to the natural background rate. However, research to date has 


been unable to determine a “value” for natural background landslide rate, largely 


because of the huge spatial and temporal variability of landslide rates within 


unmanaged forests. Thus, this study could not draw comparisons between observed 


landslide rates and natural background. Although the performance target of ‘no 


landslides from new road construction’ is straight-forward to test, there was too little 


new road construction in this project area. 


 


This study provides valuable documentation of landslide occurrence in southwest 


Washington in response to a very large storm event.  The study includes a ground-


truthed census of all landslides that directly delivered to streams (DNR typed waters) 


or affected public safety, so the results are not subject to the limitations of aerially-


derived landslide studies, which are most commonly used due to the large field effort 


and high costs associated with a ground-truthed census.  The characterization of 


1400+ landslides makes this the largest field-based study of landslides done on 


managed forest lands in Washington.  Additionally, the sampling methods included 


randomization and blocking, which allows spatial quantification and helps account 


for the effects of variable precipitation and topography.   


 


Further, this study was the first to directly study the effectiveness of unharvested 


slope buffers typically implemented under the Forest Practices Rules.  The study 


landscape reflected the first six years that the Forest and Fish rules had been 


implemented, including significant road improvements to meet RMAP requirements.  


Implementation of similar buffer and road treatments had occurred previously in 


other portions of the study area as the result of Watershed Analysis Prescriptions.  


Landsliding within lands affected by these expanded mitigations was compared to 


older logging and road activities and mature forests, allowing comparison between 


treatment scenarios in a real-world context. Despite the statistical difficulties resulting 


from this complex management history, the results of this study provide an early and 


direct evaluation of rule effectiveness unlike studies attempted previously. The data 


collected also highlighted a number of potential rule implementation issues, some of 


which are now being examined through administrative processes.    


 


Minority opinion 


 


Kroll below: 


 


Given the responses to Question #3, the study provides only a limited amount of 


information to improve understanding about relationships between unstable 


landforms, forest management, and landslide densities and rates of delivery.  


Furthermore, the information provided by the study is characterized by substantial 


uncertainty due to the confounding of buffer type with stand age, the substantial 


variation and potential bias across observers when sampling sediment delivery, 


the inability to identify trigger mechanisms for landslide initiation, the inability to 
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identify all RILs in the study area, and the inclusion of landslides within riparian 


buffers, among other factors. 


 


Lingley below: 


 


For reasons described above, we cannot support conclusions with regard to block 


design. 


 


7. Supplemental Information:  


If not already done so within the answers to the six questions above, provide the technical 


implications/recommendations resulting from the study.  Examples of areas on which to 


comment include: 
 New rule tools, models, or field methods that should be developed; 


 New research/monitoring for Policy to consider to fill gaps in information and understanding; 


 Suggested rules/board manual sections to review/revise. CMER should not directly state whether or not a 


rule, guidance, or program procedure should be changed; only the results from using the program 


component, and where known, the relative merits of other approaches. Deciding whether to make any 


changes is the purview of Policy or the Forest Practices Board; although, Policy or the Board may request 


CMER participation in the decision process. 


 Evaluation of whether key aquatic resource objectives (Schedule L-1) are being met. 


 Other areas 


 


A. Comparison to Performance Target:  


 


CMER majority 


 


Across the Post-Mortem study area, the FFR performance target “Virtually none 


triggered by new harvesting on high risk sites . . .” does not appear to have been 


achieved for the period of 2001-2007. Forty-seven delivering landslides initiated 


in RIL harvested under the current Forest Practices Rules. 


 


Minority opinion 


 


Kroll below: 


 


Schedule L-1, p. 127, sets a target of “Virtually none triggered by new 


harvesting on high risk sites verified per Report criteria.” However, given 


that triggering mechanisms could not be identified for ~85% of the identified 


landslides, it is difficult to make comparisons to the performance target. 


 


Lingley below: 


 


Since most landowners are moving away from watershed analysis mass-


wasting prescriptions, the Science Team would be pleased contribute ideas to 


an improved study, which more rigorously addresses the effectiveness of 


RILs.   
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B. Limits to Observational Research:  


 


CMER majority 


 


The study highlights a key limitation of the use of empirical research to determine 


rule effectiveness, as it was strictly observational and included no prescriptive 


manipulation (e.g., such a design that might control harvest/no harvest on 


individual unstable slopes and then wait for a landslide response).  Thus, it lumps 


units containing differences in buffer design, implementation conditions and ages.      


 


As has been demonstrated in other studies, landslide susceptibility decreases with 


increasing forest age and these changes challenge efforts to quantitatively 


evaluate the effect of buffers.  As documented in the report, the authors find that 


the results are consistent with the hypothesis that buffers are effective, but they 


make no strong statements about buffer effectiveness because it is not possible to 


completely separate the time-dependent effects associated with stand age from the 


buffer effects.   


 


We point this out because a study involving prescriptive manipulation would 


require forethought and close coordination and cooperation of landowners.  This 


approach was rejected by UPSAG because it would have been too slow, 


expensive, and not sufficiently representative of the forest landscape.  


 


Minority opinion 


 


Kroll below: 


 


Experimental, rather than observational, designs are preferred in most 


research fields and are more likely to provide strong inference about questions 


of interest.  Despite inherent strengths of experimental designs, well-designed 


observational studies can provide important information to direct future 


research efforts (e.g., to use in the development of hypotheses).  However, 


neither observational nor experimental research studies will provide strong 


inference if critical factors are confounded in the basic design (e.g., the 


treatments) as happened in this study. 


 


C. Validation of Current RIL and of Hillslope Gradient as a Criterion:  


 


CMER majority 


 


This study shows that increasing hillslope gradient and precipitation intensity are 


first-order controls that affect landslide density across the study area. These 


findings are consistent with numerous other landslide studies over the past six 


decades of landslide research. The blocking sampling design of this study, which 


accounted for precipitation and slope difference in the evaluation of management 
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effectiveness, provides additional confirmation that unstable slope rules that use 


slope as a criterion for unstable landforms are appropriate. 


 


Furthermore, a high percentage of delivering hillslope landslides, approximately 


two-thirds of the total inventoried in the study, initiated within currently defined 


RIL, particularly bedrock hollows and inner gorges. While additional definitions 


or refinement of metrics may be necessary, the continued use of those currently 


defined RIL is well-supported. 
 


Minority opinion 


 


Lingley below: 


 


In summary, the Post Mortem is flawed because: 


 


1) It mixes watershed analysis and RIL based regulatory approaches, 


2) It is based on sediment delivery volume estimates that have been 


proven to be unacceptably inaccurate,  


3) It does not address actual RILs; it does not acknowledge the field 


verification process; and it does not examine actual FPAs. 


4) Many other substantive criticisms of this study have been raised 


continuously over a two year period, and few if any have been 


addressed in a straight forward manner, much less resolved. 


5) The UPSAG and CMER process allowed questionable work to pass 


without adequate peer review and in the face of considerable criticism, 


6) CMER, staff, and the authors apparently failed to credit the concerns 


of several experienced reviewers,  


7) Key data were not provided to ISPR and were withheld from UPSAG 


until late in the process. 


 


Other Minority Comments: 


 
Note from L. Lingley:  All of the following issues [above] have been raised repeatedly in the past, 


but not resolved during the UPSAG review process.  I expand on previous arguments only 


because the authors have inserted many new conclusions, interpretations, and arguments, which 


in turn call for thoughtful response.  I include my own thoughts as well as those of DNR’s 


Science Team and other knowledgeable geoscientists.  While some of the comments and 


conclusions given below [above] may not be accurate, it is the best I can do given the short period 


allowed for comment and without benefit of a more open and inclusive review process. 


   


A layperson might observe the catastrophic results of the 2007 storm and conclude that the rules 


must be inadequate, given the huge area of sediment delivery that was readily apparent to all.  


However, that conclusion can only be verified if one studies forest management activities that 


occurred under the current rules.  That the study didn’t rigorously examine this restricted group of 


logging and roading activities is the underlying problem with the Post Mortem.  The effectiveness 


of the 2001 Forest Practice Rules may be much better or much worse than indicated by the Post 


Mortem; we simply don’t know. Leslie Lingley, FP Science Team Lead  
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On May 16, 2012, the Forests and Fish Policy landowner caucus requested dispute resolution 


on issues some scientists in their caucus had raised with the final draft “Mass Wasting 


Effectiveness Monitoring Project” report (PM report). To resolve the dispute, Policy agreed 


at its October 4, 2012, meeting to request the Adaptive Management Program Administrator 


to assemble a Findings Report Package for distribution to Policy. As part of the package, 


Policy requested the Adaptive Management Program Administrator to review several 


documents associated with the study and to develop a memo that summarizes unresolved 


issues categorized according to whether they are Independent Scientific Peer Review (ISPR)-


related, whether study authors responded, how the authors responded, and why author 


responses were deemed inadequate by dissenters, and a discussion of the forest practice rule 


and/or guidance implications.  


 


Upon reading the various reports in the Findings Report Package, you will find that Forest 


Practices Board-approved CMER members have a large number of issues with the draft 


report (version 8a) which they do not believe have been resolved satisfactorily for their 


approval of the report in CMER. 


 


Many of the SAG and CMER reviewer comments over time have been characterized as 


“study design issues,” which should no longer be relevant after a study design has been 


through Independent Scientific Peer review and approved by CMER.  However, you will find 


that non-consensus CMER reviewers generally do not comment on the study design itself, 


but rather on the interpretation and conclusions that can be drawn from the data collected 


using the chosen study design.  For example, comments were made by an ISPR reviewer 


about the ability to draw inferences about the effectiveness of the treatments (e.g., No Buffer, 


Partial Buffer, Full Buffer, Sub-mature, and Mature) based on a single large storm event used 


in the study, and by non-consensus CMER members about the ability to draw inferences 


about the effectiveness of the forest practices rules related to mass wasting (Rule Identified 


Landforms) based on the treatments.  In particular, the ISPR reviewer did not believe the 


authors should be comparing the effectiveness of the treatments at reducing landslide density 


based on the experimental design used in the study.  This is important since it appears to be 


the basis for many of the issues raised by the non-consensus CMER members. The ISPR 


reviewer reviewed the objectives in the PM report and compared them to the objectives in the 


ISPR-approved study design and concluded that they are different.  The draft PM report 


objective was stated as: “To evaluate the landslide response among a set of treatment 


conditions … in response to a high-precipitation, landslide-triggering storm …” The reviewer 


concluded that the experimental design adopted in this study could meet that objective.  
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However, he noted that the objective in the ISPR-reviewed study design was something else: 


“To primarily test whether our collective mass wasting prescriptions are effective at reducing 


landslides from forest practices … and to determine if there are differences in land sliding 


among different forest prescriptions at the harvest-unit scale and among different road types 


at the road segment scale.”  For that objective, the ISPR reviewer stated, “The experimental 


design adopted in this study is not adequate to meet the study objective as stated … [in] the 


project study design report.”  The ISPR reviewer explained in detail the reasons for his 


conclusions. 


 


To summarize, the study design, per se, does not appear to be the issue.  The ISPR reviewer 


believes the study design can meet the objective of evaluating responses among the 


treatments (which the authors have reported on), but the study design is not appropriate for 


testing the effectiveness of the treatments at reducing landslides from forest practices (which 


the authors have also reported on).   


 


The non-consensus CMER members’ decision not to approve the draft PM report is based on 


several unresolved issues identified by the non-consensus CMER members. Examples of 


unresolved issues center around inferences that can be made about the effectiveness of forest 


practices mass wasting rules in reducing landslides that center around the experimental 


design (study design) employed, the ability to answer the rule group critical questions, 


interpretation of statistical results, contradictory statements and conclusions, conclusions not 


following logically from the results, reliance on “professional judgment” and other literature 


to draw conclusions rather than using the results of the PM study themselves, and so forth. 


 


A summary of the PM authors’ position follows.  First, the study design was carefully chosen 


after evaluating other options and was determined to be a sound design by ISPR reviewers.  


Second, the authors designed and conducted this major project while following procedural 


requirements inherent to a publicly funded, time sensitive project in the multi-stakeholder 


CMER process. Finally, the authors believe that they made extensive efforts to understand 


and incorporate comments from a large number of people. The authors submitted drafts to 


UPSAG(2010), CMER(2010), and ISPR(2011) for review and comment and made 


significant revisions to the report based on the comments received.  Initially, the non-


consensus CMER members’ comments improved the clarity of the report and strengthened 


the documentation of various uncertainties.  At this point, the authors contend that Version 8a 


discusses and explores uncertainties to a greater extent than any CMER document they are 


familiar with.  They believe the report is sufficiently transparent that readers can see the 


potential uncertainties and judge the basis for all management conclusions. 


 


In the following summary of the issues, “non-consensus CMER members” refers to one or 


more non-consensus CMER reviewers and is used even though any one particular issue may 


have been raised by only a single CMER member. In the following excerpts from authors’ 


and non-consensus CMER members’ statements are used or paraphrased as much as 


possible. 
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Issue: Inadequate study design to draw conclusions regarding the effectiveness 


of forest practices rules and to answer the study’s Critical Questions (CQ) 


 


Non-consensus CMER members believe that an inadequate study design implemented by the 


PM study is a long-standing, contentious issue that has been raised by numerous reviewers 


during the development of eight versions of the PM report. Although a study design went 


through ISPR review and was approved by CMER, the study design issues remain relevant 


because they influence any interpretations and conclusions made from data collected and 


analyzed during the study.  In other words, it is not the ISPR-approved study design that is 


the issue, rather it is what types of interpretations and conclusions that can and cannot be 


made from data collected and analyzed during the study that can and cannot be made using 


the approved study design that is the issue. This issue is ISPR related.  


 


The non-consensus CMER members also state that the specific effectiveness of Rule 


Identified Landforms (RIL) buffers in reducing landslide densities could not be evaluated by 


the PM study “…because RIL buffers could not be distinguished from riparian or other 


buffers during treatment delineation, the study tested the combined effectiveness of all types 


of buffers at reducing landslide initiation and sediment delivery” ( p.89-90, v. 8a). This issue 


is not ISPR related. 


 


Authors’ response: The authors cite a statement by the same ISPR reviewer that the non-


consensus CMER members cite, “The co-authors are to be commended for a thorough 


sampling and analytical design (conventional statistics).”  The authors believe the primary 


issue by the ISPR reviewer was that the design focused on landslide density following a 


single storm event, as opposed to evaluating changes in frequency of landslide occurrence 


over time, which, the authors report, would not be feasible.  The authors note the ISPR 


reviewer’s acknowledgement that the frequency-based method does not meet the study’s 


research needs, and that a discussion of limitations is a sufficient remedy.  Aside from a 


single storm issue, the authors don’t believe the ISPR reviewers took issue with 


implementation of the CMER approved study design. 


 


CQ1: Effectiveness of the Forest Practices rules in reducing the number (density) of 


management-related landslides – The non-consensus CMER members believe that 


conclusions regarding the effectiveness of the Forest Practices Rules in reducing the number 


of management-related landslides that deliver to public resources is difficult due to the nature 


of the PM study design.   Reasons raised by a non-consensus CMER member included age 


being confounded with treatments, the inherent problem of unequal application of FFR 


prescriptions across harvest unit ages, and the difficulty of determining how many landslides 


were management-related and the effectiveness of site-specific practices when conditions 


that existed on the study landscape prior to the 2007 storm represented a mixture of 


watershed analysis prescriptions and Forest and Fish Rule prescriptions for riparian zones. 


Only the age-related issue was raised by an ISPR reviewer. 


 


The non-consensus members believe that the reason the PM report cannot assess the 


effectiveness of unstable slope (RIL) buffers specifically is that the PM report cannot 


distinguish management related landslides from non-management related landslides.  This is 
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because landscape conditions prior to the 2007 storm represented a mixture of watershed 


analysis prescriptions and included Forest and Fish Rule prescriptions for riparian zones. 


Further, size and placement of riparian buffers are not entirely based on the presence of RILs. 


The non-consensus CMER members believe the co-authors appear to agree with this, as the 


PM report states that “the comparison of buffer effectiveness among treatments is really a 


test of the effectiveness of  buffer types as they limit either landslide initiation or landslide 


delivery; the effectiveness of unstable slope buffers to limit landslide initiation cannot be 


separately quantified by this study design” (p10, v.8a).  These specific reasons for why 


conclusions cannot be made around effectiveness of the rules are not ISPR related. 


 


Authors’ response:  The authors respond that PM Version 8a includes a large section on 


limitations and other factors that could have affected the results (Section 7-2, p.93-110).  


This section was significantly expanded based on comments received in the ISPR review.  As 


noted in the report, the authors agree there are issues other than management that affect 


landslide occurrence and that the statistical test (ANOVA) used to compare harvest 


treatments cannot account for effects associated with differences in stand age.  The authors 


contend that the report already includes sections that address these issues in detail (Section 7-


2, p. 93-101).  


 


The authors agree that they could not distinguish landslides into “management” or “non-


management” bins in any given treatment and that a fundamental inability to identify every 


landslide trigger and determine factors influencing it’s initiation was a key driver for the 


choice of study design. The authors comment that in the PM study design that was chosen, 0-


20 year-old treatments are delineated by the degree of RIL buffering (management action of 


primary interest) and these are compared against older stands which are expected to have 


little management influence.  The authors comment that it is assumed that other “natural” 


landslide triggers are evenly distributed and do not confound the results. 


 


CQ2: Effectiveness of the Forest Practices rules in reducing the volume of sediment that 


delivers to public resources as a result of management-related landslides – The non-


consensus CMER members state that in evaluating the effectiveness of Forest Practices Rules 


in reducing the volume of sediment that delivers to public resources as a result of 


management-induced landslides, the PM report found significant differences in initial 


sediment yield between the No Buffer treatment and both the Full Buffer and Mature 


treatments.  However, significant differences in delivered sediment yield were only found 


between the No Buffer and Submature treatments. The non-consensus CMER members 


believe that several factors make the validity of these interpretations questionable: bias and 


variation within and across observers in measurements of delivered sediment yield; different 


treatments may have unequal inherent risk of delivering sediment; and the PM report was 


unable to identify site-specific triggers for ~85% of the landslides sampled in the PM study, 


making any interpretation about management-related influences conjectural because no 


evidence is available to either support or refute such interpretations. If sampled delivered 


volume is inaccurate, results from the statistical tests may be spurious and resulting 


inferences will mischaracterize any association between the five treatments and sediment 


delivery.  One particular non-consensus CMER member states, “I note that the use of these 


data to conduct statistical analyses and to make conclusions about the effectiveness of FFR 
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practices is one of the most troubling aspects of the PM report.”  None of the specific issues 


described above is ISPR related. 


 


Authors’ response: The authors acknowledge that the delivered volume estimates display 


large observer variability (Exec Summary p. III, p. 36) but also that the findings are 


consistent with those of initial volume (Discussion Table 7-1, p. 90), which is expected to 


exhibit less variability because it does not incorporate sediment gains or losses along 


landslide runouts, which requires much greater observer judgment. The authors believe that 


their attempt to openly remedy and acknowledge uncertainty in the PM report are then used 


as an avenue of attack by the non-consensus CMER reviewers. 


 


The authors also responded that the non-consensus CMER members note that the differences 


in slope gradient among various harvest treatments may be confounding results, which is 


why the authors accounted for slope as a co-variate in the statistical analysis. 


 


The non-consensus CMER members note that the Partial Buffer treatment is the only 


treatment that must have, by definition, a rule identified landform.  The authors state that 


they shifted their emphasis to that of critical treatments (No Buffer, Full Buffer, and Mature), 


which do not include Partial Buffer, in the statistical evaluation of buffer effectiveness. 


 


Finally, the authors believe that the non-consensus CMER members have taken a separate 


finding out of context where they state that “any interpretations about management-related 


influences are conjectural because no evidence is available to either support or refute such 


interpretations.”  The authors respond that in no point in the report do they attempt to relate 


site specific triggers to overall differences in landslide density and volume. 


 


CQ3: Evaluating whether hillslopes or roads are responsible for the greater proportion 


of landslides – The PM report notes that road-related landslides were a smaller proportion of 


the total number of landslides (hillslope and road-related combined) than found in previous 


studies.  The non-consensus CMER members comment that in addition to problems 


associated with the measurement of sediment delivery volume in the study, making specific 


statements about effectiveness of road maintenance practices across studies is hampered by 


two issues: road maintenance practices have changed  through time and may differ by study 


area and within study area by ownership, and study regions may experience storms of 


varying magnitude and frequency (i.e., the strength of treatment effects may differ by 


region), in which cases roads have been “tested” under a range of conditions that render 


comparisons difficult.  In other words, roads that have existed in place for a long time have 


been “tested” under multiple storms already, so are less likely to exhibit new landsliding, 


relative to if they were built to that standard today. This issue is not ISPR related. 


 


Authors’ response: The authors believe that the question regarding whether hillslopes or 


roads are responsible for the greater proportion of landslides is a relatively clear question that 


is answered in a straight forward manner in the report.  Concerning the non-consensus 


CMER members’ issue regarding temporal dependence among road treatments, the authors 


believe that they address issues of temporal dependence among the three critical road 


treatments (Substandard, Standard, and Mitigated) which are relatively modern (Section 
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7.2.6, p. 100-101), as well as other issues related to comparing among road and harvest 


treatments (Section 7.3.1, p. 101-103).  The authors believe that the block design provides 


assurances that the roads being compared within a block are of similar age and underwent a 


similar storm history. 


 


CQ4: Evaluate which harvest unit prescriptions or road improvements are performing 


well or which are performing poorly – The non-consensus CMER members believe that 


the effectiveness of RILs cannot be determined conclusively based on evidence presented in 


the PM report.  The PM report indicates that “The decision to focus the sampling design on 


‘treatments’ rather than individual prescriptions makes it difficult to identify which 


individual prescriptions are performing well and which are performing poorly.” Yet, the PM 


also reports that the retention of buffers on RIL reduced the “volume of sediment delivered to 


public resources …” (p. 92, v.8a) and concludes that “effectiveness of RIL buffering is 


greatest when all RIL are buffered …” (p. 92, v.8a).  However, the PM study did not map 


individual RILs in the study area.  In addition, it is unknown whether treatments (i.e., 


retention of buffers on individual RILs) were applied randomly or as a result of RIL type or 


site-specific factors. This issue is not ISPR related. 


 


Authors’ response: The authors believe that they clearly state that the study design makes it 


difficult to identify which individual prescriptions are performing well and which are 


performing poorly.  They believe the non-consensus CMER members take a part of a 


sentence out of context in an attempt to make it appear that the authors have said something 


they did not.  The authors contend that at no point do they state the study has conclusively 


determined anything with respect to the effectiveness of RIL.  The authors comment that they 


state in the PM report that the study results are inconclusive with respect to the differences to 


the effectiveness of RIL.  The authors state that in the PM report they acknowledge that they 


could not use RIL as the experimental unit and that they are testing total buffer effectiveness.  


The authors state that the treatments were, however, delineated in terms of the degree of RIL 


buffering and the results (and peer-reviewed literature) are entirely consistent with the 


hypothesis that the effectiveness of RIL buffering is likely to be greatest when all RIL are 


buffered. 


 


CQ5: Determine the site-scale triggering mechanisms for landslides – The non-consensus 


CMER members believe that the study design was not adequate to quantify and identify 


trigger mechanisms at landslide initiation points.  Trigger mechanisms were identified 


categorically, and no numeric measurements were sampled at landslide initiation points. The 


PM report concluded that road failures were “caused by factors inherent to the treatments” 


(p. 93, v.8a), yet field crews identified site-scale triggers at less than 15% of the landslide 


initiation points identified in the study (p. 92-93, v.8a)  and field crews “identified no 


obvious drainage contributing factor at 68% of the hillslope road failures” (p. 93, v.8a). 


These issues are not ISPR related. 


 


Authors’ response: The authors state that there was no attempt to identify or relatively 


quantify triggers of each landslide. The evaluation of triggers was limited to the recording of 


visible, management-related triggers as listed in the field manual, and a separate QA/QC 


team largely supported the findings of the field crews.  Further, the non-consensus CMER 
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members’ assertion that “no numeric measurements were sampled at landslide initiation 


points …” is inaccurate since slope gradient, tree age, and initial landslide dimensions were 


all recorded. 


 


Issue: Incorrect interpretation of statistical results 
 


The non-consensus CMER members quoted an ISPR reviewer regarding the interpretation of 


the statistical results.  “Although the co-authors have decided to conclude that buffering 


reduces landslide based on some statistical results and the authors’statistically insignificant 


differences, someone else reading this report could make the opposite conclusion that 


buffering is not effective in reducing landslides, on the basis of statistically insignificant 


differences. Therefore, a substantial part of the conclusions from this report cannot be 


supported by the results of this study.”  This issue is ISPR related. 


 


Authors’ response: The authors believe that they have adequately responded to an ISPR 


reviewer’s comment that the authors should further separate the statistical results and the 


authors’ discussion of factors that may or may not have influenced those results, which was 


done per the ISPR comment matrix.  The authors believe the statistical findings are clearly 


stated in version 8a. 


 


Issue: Contradictory statements and conclusions 


 


The non-consensus CMER members believe contradictory or inconsistent conclusions are 


scattered throughout the PM report.  For example, the PM reports that “The study results 


support the hypothesis that the avoidance of clearcut harvest on unstable terrain reduces the 


density and volume of landslides” (p. V, v.8a) is inconsistent with the statement that 


“complete buffering … has an indeterminate effect on landslide density” (p. 90, v.8a).  


Another example from the PM report follows: “This finding (results presented on p.98, v. 8a) 


lends further credence to the hypothesis that RIL buffers reduce landslide densities” (p. V, 


v.8a) is inconsistent with another statement in the PM report that stated “…because RIL 


buffers could not be distinguished from riparian or other buffers during treatment delineation, 


the study tested the combined effectiveness of all types of buffers at reducing landslide 


initiation and sediment delivery” (p. 89-90, v. 8a).  This issue is not ISPR related. 


 


Authors’ response:  The author’s respond that what appear to be contradictory statements are 


not contradictory when viewed in context.  The authors state that PM Section 7-2 describes 


study limitations and factors affecting interpretations of the results, including a discussion of 


factors that vary with stand age (e.g., root strength and hydrology) and provides an additional 


analysis which supports the hypothesis that buffers reduce landslide density (as well as 


volume). 


 


The authors respond to an example set of sentences that the non-consensus CMER members 


suggest are contradictory: “The finding lends further credence to the hypothesis that RIL 


buffers reduce landslide density” and the sentence “In part, because RIL buffers could not be 


distinguished from riparian or other buffers during treatment delineation, the study tested the 


combined effectiveness of all types of buffers at reducing landslide initiation and sediment 
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deliver.”  The authors state that the sentence describing RIL buffers states that the data 


supports the hypothesis that RIL buffers reduce landslide density, but the authors clearly 


indicate that there may be mature trees in riparian areas of all the treatments and state that 


they are actually testing total buffer effectiveness.  The authors provide examples of where in 


the PM report they make it clear they are testing overall buffer effectiveness as a whole.  As 


a result, the authors don’t believe these statements are contradictory when taken in context. 


 


Issue: Conclusions do not follow logically from the results 


 


The non-consensus CMER members agree with an ISPR reviewer comment about 


conclusions not following logically from the results, or data not being reasonably interpreted.  


There are inconsistencies with interpretation of data and the formulation of conclusions. 


From an ISPR reviewer, “a substantial part of the conclusions cannot be supported by the 


results … because the results of the statistical tests of significance have been ignored so that 


conclusions are consistent with the co-authors expectations.  In the process weaknesses or 


inadequacies of the experimental design that may have caused the lack of statistical 


significance between various treatments have been overlooked …  I think the final decision 


whether there is a difference or not between the landslide response of the various treatments 


should be based solely on whether the difference is statistically significant.  If the difference 


is statistically significant there is a difference otherwise there is none.  This kind of 


interpretation should be used consistently in the entire report.  Otherwise, one could ask the 


question as to why bother designing a rigorous statistical experiment with all the efforts of 


blocking, clustering, randomization, introducing auxiliary variables as covariates, etc.  The 


possibility that the lack of statistically significant difference is an artifact of the experiment 


design of focusing on a single large storm should also be clearly articulated.”  This issue is 


ISPR related. 


 


The non-consensus CMER members believe that PM v.8a addressed some ISPR reviewer 


concerns, but still includes questionable interpretations and conclusions that are not 


supported by the study results.  The results show a differential response between landslide 


density and volume to the harvest treatments, but authors don’t always say this.  These 


findings and associated facts are variously interpreted and are not consistent with several 


conclusions that are reported in the Executive Summary and in other subsections of the PM 


Discussion section.  For example, the co-authors report, “The study results support the 


hypothesis that the avoidance of clearcut harvest on unstable terrain reduces the density and 


volume of landslides.”  The statistical tests of significance do not support the conclusion 


about density.  Following their conclusion, the co-authors present a subjective and confusing 


explanation as the basis for their interpretations, and completely ignore the statistical-based 


findings that were reported in Section 6.0 and in the Results section of the Executive 


Summary.  This issue is ISPR related.   


 


Another example used by the non-consensus CMER members to illustrate their point is that 


the co-authors of the report use qualitative comparisons of density by age group between PM 


results and Turner (2010) and report, “This finding lends further credence to the hypothesis 


that RIL buffers reduce landslide density “(p. V, Par 2), and on page 100 of the report that 


“Interpreted in this manner, our results suggest that the buffer treatments have reduced 
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landslide densities in comparison to past management practices.” The non-consensus 


members believe these conclusions to be speculative and misleading because they are based 


on a non-statistical observation of landslide response patterns between two studies with 


different sample units (landslide vs treatment polygons) and different data collection 


methods.  It is illogical to substitute the quantitative findings of this study (i.e., Full Buffer 


had no significant effect on landslide density) with a qualitative observation.  This issue is 


not ISPR related. 


 


Finally, the non-consensus CMER members believe the Executive Summary presents 


contrasting interpretations that confuse the reader about what is fact and what is speculation 


in the PM report.  In the Executive Summary, the co-authors use the lack of statistically 


significant differences in landslide density as a basis to appropriately question the Full Buffer 


effectiveness, yet this fact is ignored in the topic sentence of the same paragraph where they 


state “Although we conclude that buffers likely reduce landslide density and sediment 


volume, it is not clear that existing performance targets for hillslope landslides are being 


met”.  The non-consensus CMER members are referring to their concern over how the facts 


are used, and not used, to formulate the different conclusions. This issue is not ISPR related. 


 


In summary, the non-consensus CMER members state there are inconsistencies with 


interpretation of data and the formulation of conclusions.  To quote an ISPR reviewer, “… a 


substantial part of the conclusions cannot be supported by the results … because the results 


of the statistical tests of significance have been ignored.”  This issue is ISPR related. 


 


Authors’ response: The authors agreed in the ISPR response matrix that Section 7.2 should 


be re-written to further separate the statistical findings and their discussion of factors that 


may or may not have influenced those findings, especially as they are related to the study 


design.  The authors respond that Version 8a clearly states the results based on their 


statistical significance, and then highlight important issues that have bearing on those tests. 


 


The authors also believe that they were careful to qualify each of their statements and to 


identify what information is being used as a basis for the statement.  Further, they believe 


that an evaluation of a complex issue like this often requires the use of both quantitative (e.g., 


statistical) and qualitative information, including other peer reviewed literature, to arrive at 


conclusions which are consistent with the evidence. 


 


The authors revised the report following the ISPR review and believe the revised version is 


consistent with the changes made in response to ISPR reviewer comments.  They don’t 


believe it’s either unreasonable or misleading to provide ancillary information which provide 


insight into an issue even though the results of a statistical test are inconclusive.  This is 


reflected in an ISPR reviewer’s summary comment on version 7: “There is a good balance 


between drawing conclusions from the definitive results of statistical analysis, and making 


tentative but reasonable conclusions from field observations where the statistical results are 


inconclusive.” 
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Issue: Uncertainties and limitations of study design are not fully addressed 


 


The non-consensus CMER members believe that the co-authors addressed some of the 


uncertainties, but some key concerns remain over-looked. The non-consensus CMER 


members refer to an ISPR reviewer comment about study design short-comings and 


recommended that uncertainties and limitations be more fully addressed in the PM report.  


To quote the reviewer, “the process weaknesses or inadequacies of the experimental design 


that may have caused the lack of statistical significance between various treatments have 


been overlooked.”   Another reviewer states, “It may be implied the reasonableness of the 


conclusions is founded on subjective expectation.” This issue is ISPR related. 


 


The non-consensus CMER members believe there is a prevailing tendency in the discussion 


to minimize the potential effects of confounding factors on study findings.  For example, a 


key concern is the absence of reliability of measuring landslide density and volume and how 


variability (observer bias and variability) in these metrics may have influenced the statistical 


analyses and study conclusions.  This is particularly relevant to estimates of landslide volume 


which was found to have considerable measurement error.  An ISPR reviewer commented, 


“Although the statistical limitations presented by a very “messy”, highly skewed, population 


of landslides could be emphasized even more than they are.”  According to the non-


consensus CMER members, this raises issues about the validity of the statistical findings. 


This issue is ISPR related. 


 


The non-consensus CMER members state that a major element of the study design is the 


assumption that spatial variability of external factors affecting landslides occurrence was 


controlled by the blocking approach.  The non-consensus CMER members are concerned that 


the assumptions were not evaluated or validated.  No facts were used to support the 


assumptions, only generalizations. For example, the co-authors wrote, “We believe that the 


blocking approach was reasonably effective at controlling …” It isn’t clear how the “we 


believe” statement can be supported.  This issue is ISPR related. 


 


Authors’ response:  The authors believe blocking was effective because their statistical 


model accounted for between 92% and 95% of the variability in landslide density across the 


study area.  They believe the results for initial volume are similar to those of delivered 


volume, and both are consistent with the density data and the authors’ understanding of 


landslide processes.  They agreed that additional supporting information would strengthen 


the assertion that the blocking approach was reasonably effective in accounting for landslide 


and volume delivery variation and agreed to amend the text with additional information on 


why they believe the blocking was effective.  They believe they have adequately explained 


the influence of variability in measurement for the metrics.  


 


Issue: Changes made in response to ISPR comments are not sufficient 


 


The non-consensus CMER members don’t believe that changes made in response to ISPR 


comments are sufficient.  This issue is ISPR related. 
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Authors’ response: The authors believe this to be a matter of judgment, and the authors and 


majority of CMER reviewers disagree that ISPR response matrix comments are not 


sufficient.  The authors comment that the Executive Summary starts with limitations of the 


study and almost half of the pages in the Discussion are dedicated to potential limitations and 


factors that could be affecting interpretation of results. 


 


Issue: Initial and delivered sediment volume cannot be quantified without a high 


precision map 


 


The non-consensus CMER members believe that two of the three response variables (i.e., 


initial and delivered sediment volume) cannot be quantified without a high precision map of 


‘before and after’ LiDAR or of engineered topographic data.  This issue is not ISPR related. 


 


Authors’ response:  The landslide measurement techniques used were consistent with the 


study design and the field manual that were approved by CMER and ISPR.  The availability 


of ‘before and after’ LiDAR for landslide producing events is extremely limited and LiDAR 


was not available for the entire study area. 


 


Issue: Only limited statements about the efficacy of the slope stability rules can 


be made 


 


The non-consensus CMER members believe that only limited statements can be made 


regarding forest practices slope stability rules because the study does not address the rules or 


the Forest Practices Applications (FPAs) to which they pertain.  They state that the authors 


never looked at any FPAs to determine if potentially unstable slopes were present.  This is 


not ISPR related. 


 


Authors’ response:  The authors respond that although it could be useful to inspect FPAs 


associated with landslides included in the study, such an effort would have required a huge 


increase in the scope of the study.  This study was never intended to focus on administrative 


processes (FPAs) or compliance. 


 


Wrap-Up 


 


The issues presented in this summary were drawn directly from non-consensus CMER 


members’ comments.  As much as possible, authors’ responses were paired directly to the 


non-consensus CMER members’ comments to which the authors were responding.  


Apologies are in order to both the authors and non-consensus CMER members if their 


comments were misrepresented in any way. 


 


A comment on judgment calls on whether an issue was or was not pre- or post-ISPR related 


is in order.  If an issue or example was one raised by an ISPR reviewer, then it was judged to 


be ISPR related.  While the ideal situation would have been one in which an issue was 


unambiguously resolved to the satisfaction of all CMER members through completion and 


approval of the ISPR Response Matrix, in fact, the response matrix wasn’t generally helpful 


in making the calls.  An example follows to illustrate the issue, although many more could be 
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used.  An ISPR reviewer stated,  


 


“The co-authors also didn’t find statistically significant differences between 


the various road treatments and I quote as a second example from page 85: 


‘Mitigated, Standard and Substandard road treatments were intermediate to 


Abandoned and Orphaned and had roughly equal densities.  Statistical 


analyses of road landslides densities were not able to demonstrate significant 


differences among any of these treatments, for reasons discussed below.”   


 


The ISPR response action agreed-upon by CMER was “RC-Report Change.” That’s 


it! To quote the corresponding “Rationale” in the approved ISPR Response Matrix, 


“As noted above, we agree that 7.1 should be re-written to further separate the 


reporting of statistical findings and our discussion of factors that may or may  not 


have influenced those findings.”  Because it was not clear exactly how the authors 


would separate the reporting of the statistical findings and their discussion of factors 


that may or may not have influenced those findings, any subsequent revisions made to 


the document should have been open for further CMER review.  In other words, an 


agreement to revise the report (“RC-Report Change”) along with agreement on the 


general direction of a revision to a document is not the same, nor should it be treated 


as the same, as an agreement on the specific language to be used in the eventual 


revision. 







TFW Policy Committee Response to the 
Mass Wasting Effectiveness Monitoring Project Report Findings Package 


Approved February 6, 2014 
 


PROCESS IMPROVEMENTS 


1. The TFW Policy Committee (Policy) recognizes the improvements prior to 2013 in the identification 
and buffering of potential unstable slopes through: 


• A series of FPA processing rule makings and board manual guidance since 1999; 
• Implementation of DNR slope stability training; and 
• The recent Forest Practice Board rules, adopted in 2011, requiring the Department of 


Natural Resources (DNR) to conduct reviews of approved Watershed Analysis mass wasting 
prescriptions after the occurrence of a natural disaster having a material adverse effect on 
the resource characteristics of the Watershed Administrative Unit or every five years (WAC 
222-22-090), whichever occurs sooner. 


 
The recent DNR review of the adequacy and specificity of mass wasting prescriptions (MW Rx) 
determined the need for landowners in all approved Watershed Analysis (WSA), except those WSA 
requiring MW Rx reanalysis per individual landowner HCP, to either choose to perform reanalysis of 
the mass wasting prescriptions for effectiveness or to eliminate the mass wasting prescriptions. This 
action resulted in the rescinding of mass wasting prescriptions in all but three approved Watershed 
Analyses where landowners are conducting reanalysis. 


 
2. Policy recognizes that the DNR has an ongoing effort of process improvements related to the 


review of Forest Practice Applications (FPA) with respect to mass wasting potential.  Policy 
supports these improvements and recognizes that many of these process improvements began 
prior to the 2007 storm event and are continuing to date. 
 


a. 2003/2004 – Board Manual Section 16 updated: Section 16 was reorganized to illustrate 
a methodical way to evaluate potentially unstable slopes. Further guidance was added to 
clarify rule requirements for Qualified Experts and geotechnical reports. 


b. 2004 – Landslide Hazard Zonation: mapping product/screening tool made available on 
GIS 


c. 2005 – Qualified Expert clarification: Qualified expert also meets the requirements of a 
level 2 analyst 


d. 2006 – Clarification of Forest Practices Rule Standards for the Submission of Qualified 
Expert Reports: clarifying what is actually required in the report per the rules 


e. 2008 – Clarification: Classifying Forest Practices Applications Involving Potentially 
Unstable Slopes or Landforms 


f. 2009 – Watershed Analysis: Mass Wasting prescriptions reviewed and designated as 
specific or non-specific for the purpose of FPA classification 
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g. 2011 – Watershed Analysis rule adoptions allowing landowners to perform reanalysis or 
rescind their mass wasting prescriptions. Board Manual Section 11 amendments 
regarding the review and reanalysis process. 


h. 2013 – Mass wasting prescriptions rescinded for the majority of approved watershed 
analyses 
 


3. Policy supports the following specific recommendations for further process improvements: 
a. That DNR commits to investigate LiDAR availability, and develop budget requests for a 


collaborative project in conjunction with the LiDAR Consortium and other potential 
partners to acquire LiDAR for the purposes of providing better screening for unstable 
slopes. Policy supports the acquisition of LiDAR based DEMs for implementing the 
existing rules and review processes. This includes: 


i. Continued use of currently available LiDAR by DNR FP science team for review of 
FPAs.  


ii. The assessment of the quality of LiDAR available to DNR (including gaps in 
quality and coverage).   


iii. DNR investigate how currently available LiDAR can improve the SLPSTAB 
screening tool to better identify potentially unstable slopes.  


iv. Using results of 4.a.iii., DNR will identify the cost and availability to acquire 
appropriate LiDAR coverage. This includes joining The LiDAR Consortium to 
access future relevant data when appropriate.   


b. DNR will prepare a written description, to accompany PowerPoint presentations, of 
DNR’s process for reviewing proposed FP activities to protect potentially unstable slopes. 
DNR will provide this product to Policy by March 24, 2014. 


c. DNR will develop additional documentation for landowners to complete and DNR to 
review for all FPAs involving potential unstable slopes or landforms.     This 
documentation will include a new section of the FPA form, an addenda, and 
corresponding instructions.  The addition to the FPA form and associated addenda will 
document the actions taken by landowners in preparation for submittal of the FPA and 
DNR review including but not limited to describing and confirming the items listed below 
in this sub section.   When a geotechnical report is submitted with an FPA, the existing 
guidance is sufficient to ensure that adequate documentation has been provided by the 
landowner.  However, in some situations DNR reserves the right to request more 
information.  


i. Office Review, information sources utilized (screening tools, photos, maps, etc), 
summary of results (identification of areas of focus for field review), unless this 
information is already provided in the attached geotechnical report. 


ii. Field review, Name of person(s) who conducted the field review and their 
title/credentials), Date(s) of field review, Spatial extent of field review within 
and around proposed FPA activities, unless this information is already provided 
in the attached geotechnical report. If a geotechnical report is not provided, the 
process should provide information in the instances outlined below: 
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A. Documentation of any potential features identified in screening inside a 
FPA that did not meet the RIL definition after field verification.  


B. An indication on the FPA form if unstable features identified (RIL or 
other unstable feature) was avoided in the layout of the FPA. 


d. DNR will use stakeholder process in developing changes.  
e. Upon completion of subsections 4.b. and c, Policy will review.  


 
COMPLIANCE  
 


4. Policy requests DNR to include an emphasis sample within their Compliance Monitoring 
Program evaluating compliance with the Forest Practice Rules and to fulfill DNR’s commitment 
to review Accuracy and Bias, include a review of the specific avoidance or mitigation measures 
identified in the Forest Practice Application. 
 
CONTINUE CURRENT ROAD AND FOREST PRACTICES PENDING FURTHER RESEARCH  
 


5. Policy recognizes that the effectiveness of road prescriptions as examined in the Mass Wasting 
Effectiveness Monitoring Project Report were statistically inconclusive and as a result, Policy is 
not recommending any rule changes or further guidance development at this time.  Policy 
supports implementation and enforcement of the forest practices (FFR) rules for all new road 
construction and maintenance; and continued DNR enforcement of deadlines for the 
completion of all RMAP requirements.   
 


6. Policy recognizes that the results of the analysis in the Mass Wasting Effectiveness Monitoring 
Project Report do not answer all of Policy’s questions with respect to the effectiveness of 
harvest prescriptions to meet mass wasting resource objectives.  The report found significant 
differences in landslide density between the No Buffer treatment and the Mature treatment.  
Landslide density did not differ significantly between either the Full Buffer and Mature 
treatments or the Full Buffer and No Buffer treatment.  There is a wide range of policy opinions 
in interpreting these results that are thoroughly described in the Mass Wasting Effectiveness 
Monitoring Project Report Findings Package (May 2013).  Thus, Policy is recommending the 
following research-related actions: 


a. CMER will prioritize the development and implementation of the Unstable Slope Criteria 
Project.  Policy is particularly interested in the adequacy of the gradient, slope curvature, 
and probability of delivery criteria.   


b. Policy will conduct a comprehensive review of the mass wasting research strategy and 
make any recommended changes so that they can be incorporated into the CMER work 
plan and budget in March and April 2015, respectively.  The review will cover  all existing 
research in the work plan and specifically consider the following: 


i. Assess whether natural background rates can be established and if so, the 
resources required to establish natural background rates and the practicality of 
measuring the prescription effectiveness against that benchmark. 
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ii. Evaluate how “Category E” is being used and determine if there is value in 
further defining the geographically unique potentially unstable slopes identified 
under “Category E”. 


iii. What is the cost and what can we expect to learn by investigating the micro-
hypotheses described in the Mass Wasting Effectiveness Monitoring Project 
Report Appendix C.5 for both hillslopes and roads? The hillslope 
microhypotheses are related to buffer blowdown, upslope harvest and roads, 
buffer width and density, and yarding corridors. The road microhypotheses are 
related to insufficient pullback on planar slopes, undersized stream crossings, 
inadequate water control measures, poor tread maintenance, and inappropriate 
road geometry. 


iv. What is the cost and what can we expect to learn by conducting the future 
research proposed in the Mass Wasting Effectiveness Monitoring Project Report 
Appendix D, especially a characterization of non-RIL landslides (App. D.3)? An 
improved understanding of the characteristics shared by this population of 
landslides may help explain their occurrence and distribution, and inform future 
Policy evaluation of the RIL definition. 
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