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Appendix TP-A: Monitoring Strategy 

 

  This version of the strategy is based on the October 2009 draft prepared by the Parties 

and other stakeholders and has been updated to reflect changes in the Project 

circumstances including the signed ROD. 

 

Executive Summary:  The collaborative effort to plan and implement monitoring around the 

proposed Project has resulted in the Monitoring Strategy which is described in this Appendix and 

its attachments.  The Monitoring Strategy considers stakeholder values and priorities and 

proposes to gain leverage by integrating priorities with other ongoing or planned monitoring.  

Monitoring considerations are introduced below, followed by a proposed process for 

collaborative project implementation that incorporates multiparty review and monitoring.  A 

wide range of proposed effectiveness monitoring is captured in the Monitoring Strategy.  The 

Parties anticipate using the Monitoring Strategy to help the Parties and other stakeholders to 

collaborate further to develop a cooperative plan for monitoring with roles, responsibilities, a 

budget, and a timeline that reflects commitments of the Parties and other stakeholders in the 

Project. 

 

I.  Introduction 
 

Monitoring is an essential component of adaptive management.  By tracking and informing 

ongoing project implementation, monitoring helps ensure plans are followed, and measures 

success in meeting goals and objectives.  The term “monitoring”, as it is used here, includes both 

making observations (e.g. data collection), and evaluation of data.  Implementation monitoring 

tracks project activity before, during, and after to ensure that design features, standard practices, 

and mitigation measures are implemented as specified within thresholds set by laws, regulations, 

applicable standards, or critical objectives so that the activity or the project may be modified as 

necessary.  Effectiveness monitoring evaluates whether or how well planned activities achieved 

desired project outcomes.  Validation monitoring evaluates if key assumptions hold true.  

Feedback from each type of monitoring provides the basis for learning which can inform 

ongoing implementation of the Project and future Project plans.  
 

Significant public interest in collaborative monitoring for the Project was expressed during the 

environmental planning process.  COA, in its CWPP, recommended that COA participate in 

implementation and monitoring of the Project
1
.  COA also participated in securing funds to 

support multi-party monitoring for the Project through its commitments to the NFF Grant.  TNC 

helped develop the CWPP and originated the proposal for the NFF Grant, and provided matching 

funds.  In light of the significant interest expressed in such an approach, and consistent with the 

Healthy Forests Restoration Act (“HFRA”), under which the Project was developed, USFS was 

instructed to establish a collaborative multi-party monitoring, evaluation, and accountability 

process
2
.  Three of the Parties, not including LRP, worked together with interested stakeholders 

toward that end. 

                                                 
1
 City of Ashland, 2005. Community Wildfire Protection Plan, pg 26. 

2
 HFRA Section 102(g)(5) 
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A.  Monitoring Cooperation 

 

A considerable collaborative effort by the Parties and other stakeholders has developed the 

Monitoring Strategy to inform monitoring that is robust enough to serve the Project, providing 

for ongoing assessment of change.  Since 2004 the USFS, TNC, and COA have worked together 

with interested stakeholders to develop the Monitoring Strategy with strong support and wide 

buy-in that could inform the commitments to collaborative monitoring effort. 

 

The Monitoring Strategy addresses key priorities suggested by stakeholders for special attention.  

Clarifying expectations and coordinating efforts is necessary to avoid duplication of effort and to 

build a stronger monitoring program.  Implementing the Monitoring Strategy is subject to 

available funding among all of the Parties and other interested stakeholders. 

 

B.  Monitoring Oversight Committee 

 

An Oversight Committee (the “OC”) was formed to advance multi-party monitoring.  The OC 

was comprised of representatives of USFS, TNC, and COA, each contributing matching, or cash, 

funding for multi-party monitoring under the NFF Grant.  The OC coordinated collaborative 

planning for ecological and social monitoring consistent with the 2004 Healthy Forests 

Restoration Act (“HFRA”), as well as requests by COA and stakeholders. The practice of the OC 

was to engage the community to increase understanding and transparency and to support 

adaptive management through effective monitoring, and to provide opportunities for community 

involvement, including citizens, local students, and interest groups. 

 

To that end, the OC invited interested technical stakeholders to a workshop in June 2009 to help 

identify and prioritize important monitoring.  The group emphasized several monitoring 

practices, strategies, and indicators for special attention.  The most important strategy was to 

develop a Monitoring Plan and a design that is comprehensive, long-term, and fundable.  The 

group also placed emphasis on developing an approach and tools for science delivery.  Emphasis 

was placed on implementation monitoring to ensure actions meet desired goals.  Groups of 

community leaders and public outreach, education, and engagement experts convened in August 

2009 provided additional insight. 

 

The Monitoring Strategy represents the OC‟s effort to date to respond to the stakeholder interest 

in developing a comprehensive, long-term, and fundable Monitoring Plan and design for the 

Project. 

 

The stakeholder group placed highest emphasis on two indicators: water quality, quantity and 

aquatic habitat, followed by large tree retention and survival.  A second tier of important 

monitoring indicators included late successional habitat, birds as ecosystem indicators, 

herbaceous cover and recovery, and fire history research.  These are addressed in the following 

sections. 

 

The Monitoring Strategy describes a collaborative approach to monitoring, and it includes 

monitoring that represents broad interests, including effort that will be required of USFS through 
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commitments made in the ROD.  The Monitoring Strategy describes the elements of its design, 

then describes proposed implementation monitoring, followed by effectiveness monitoring.  

Finally, the Monitoring Strategy sets out a process for coordinating the monitoring efforts and 

communication among the Parties, interested stakeholders through the life of the Project. 

 

C.  Science Delivery—a Project Database and Website 

 

To address the science delivery interest of the stakeholders, the OC approved contracting for 

assistance from Portland-based Mason, Bruce, & Girard to input existing data and prepare for 

future data in a publicly accessible Project database.  The OC has also contracted with Ashland-

based Project A to build the Project Website to allow access to the data and data summary 

products.  The Project Website will be maintained by COA to facilitate communication among 

collaborators as well as with interested members of the public. 

 

II.  Monitoring Considerations 
 

Fundamental drivers guide the Monitoring Strategy.  The first addresses accountability for 

implementing the Project according to plan, or “implementation monitoring”.   The drivers for 

“effectiveness monitoring” are the purpose and need that guided design for the Project 

treatments.  At a minimum, effectiveness monitoring must assess how effectively potential fire 

behavior, hazard and risk to COA, the Ashland Watershed, and significant late-successional 

wildlife habitat are reduced by Project treatments.  Monitoring must also assess how effectively 

activities increased ecological resiliency, as defined in the Project plans. 

 

A.  Monitoring Scale and Schedule 

 

The Monitoring Strategy considers multiple spatial and temporal scales, ranging from an 

individual tree to the entire landscape in the Upper Bear Creek Assessment Area3 that contains 

the Ashland Watershed and surrounding slopes.  For example, a stakeholder may want to track 

the fate of a single, special large tree that has meaning, while an ecologist may want to know 

how well the forested landscape reflects the natural range of variation and provides a range of 

wildlife habitat.  Other important scales of focus include a stand of trees, a particular landscape 

setting (e.g. an upper southwest facing slope), a management unit, a PAG or forest type, a seral 

state, the extent of differing treatment types, or combinations of these.  The decisions on what to 

monitor is driven by the relevant facet of nature or management that is valued, or about which 

there is concern. 

 

Temporal scale is also critical.  Some measures need to be taken and evaluated during Project 

implementation to help avoid misapplication of the Project, before and during an “activity” (e.g. 

cutting and piling brush and sapling trees), or following an activity or between multiple activities 

that are part of the complete “treatment” in a unit (e.g. between burning piles and thinning trees).  

Subsequent maintenance through later cutting and piling, or broadcast burning would be 

                                                 
3  The Bear Creek Watershed (a 5th field watershed) totals approximately 361 square miles (231,087 acres).  While FRCC 

generally examined at the 5th field scale, the Upper Bear Assessment includes all lands within the Ashland Creek Watershed, 
and portions of the Neil Creek, Hamilton Creek, and Wagner Creek 6th field sub-watersheds.   
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considered a separate treatment.  Other measures must be taken prior to any treatment and then 

assessed for change after treatment is completed, for example, 1, 5, 10, or more years post-

treatment.  It is not possible to measure everything from every perspective or at every time step.  

Instead the Monitoring Strategy proposes the most appropriate time and scale for a given 

indicator. 

 

B. Monitoring Observations, Sampling, and Statistics 

 

Monitoring can be informed by many types of observation.  As important as choosing the 

appropriate scale, discussed above, is accounting for variation in nature and among observations.  

The science underpinning forest and fire management and ecological restoration leads some 

observers toward formal sampling and statistics to provide quantified results, and these are a part 

of the Monitoring Strategy.  Qualitative assessments are also valuable, and may be more efficient 

and meaningful in some situations and if provided by trained, experienced observers, whether 

professional resource managers or conservation practitioners.  Qualitative assessment is 

especially important for ongoing implementation monitoring.  

 

Pilot data is useful to understand how much variation occurs in the forest for a given measure, 

and can help set realistic expectations around sampling size, statistical power, precision and 

confidence in the data.  A classification of sampling area, or “stratification” of the sampling 

effort, can also be helpful for reducing variation encountered in data and increasing the ability to 

detect differences in analysis.   

 

The Monitoring Strategy draws on both professional observation and sampled measures, includes 

design informed by pilot data, and draws on the power of thoughtful stratification in the 

sampling design.  A schedule for monitoring each indicator is proposed.  Parameters are defined 

for each indicator to the extent possible, while some still need to be developed, and annual 

review and refinement will need to occur.  Indicators are classified as relatively certain, having a 

defined range but needing further definition, or yet to be established, anticipating that monitoring 

will inform that definition.  Finally, some measures are taken to provide perspective for 

management decisions and have no established thresholds.   

 

III. Implementation Strategy 

 

The Monitoring Strategy proposes a collaborative review and monitoring process involving 

stakeholders in each stage of the Project implementation.  Stakeholders would participate in the 

Project, informing it, and making adjustments in a “shoulder to shoulder” approach with one 

another and the Parties. 

 

A. Implementing Project Design 

 

Because Project-specific treatment units and prescriptions have not yet been defined, 

“implementation” of the Project, as viewed by stakeholders, includes further design work, layout, 

and site specific prescriptions, which the Parties and stakeholders are interested in reviewing and 

monitoring in a collaborative approach. 
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1. Multiparty Monitoring Leadership and Coordination 

 

Stakeholders interests would be represented by the Parties, including COA, through its Fire and 

Rescue staff and COA‟s forestry contractor, and TNC, which has delivered ecological and 

programmatic input through its staff involvement and fund-raising for the Project. Additional 

new members of the leadership group working on the Monitoring Strategy are anticipated.  

Leadership requires a willingness to invest in the collaborative process, in on-the-ground 

monitoring, and/or in analysis or interpretation of data.  Participation in the leadership core 

requires a considerable time investment to stay current with the Project and avoid scheduling 

delays.  Stakeholders invited to a public engagement workshop in August strongly urged that 

Southern Oregon University provide a leadership role in the Monitoring Strategy. Other 

stakeholders may be invited to participate in the monitoring or other informational events, or to 

track progress and results on the Project Website, or to step into a leadership role where 

monitoring is concerned. 

 

2. Tracking Implementation 
 

In order to track implementation of the Project, a record of the current status of treatment 

activities, including the anticipated schedule for implementation as well as the status of 

completed treatment activities, will be maintained on the Project Website. 

 

3. Implementation Review 

 

The Monitoring Strategy proposes offering opportunities for technical review and a more-general 

public review at important steps.  While such review requires time and investment of effort 

above and beyond past or standard practices for each of the Parties, it is important for making the 

Project transparent, to provide opportunities for meaningful collaboration, incorporate evaluation 

of monitoring data, or feedback, and shared learning.  It is anticipated that review will naturally 

gain efficiencies over time as new findings, expectations, and adjustments become common fare, 

and adjustments are made to produce planned results. 

 

The leadership team for the Parties will take the lead role in managing timely review, by 

coordinating schedules and helping to share information and updates on the Project Website, in 

meetings, or field outings.  Review would occur after a proposed design is developed, after each 

unit is laid out, after a unit specific prescription is written, and after each activity (e.g. marking 

trees, slashing and piling, burning, cutting trees), and completed treatment.  Review would occur 

in two stages; a technical review and a public review when requested. 

 

A technical review stage would be led by the Parties, but would invite participation by other 

technically inclined stakeholders.  The technical team would review and discuss with USFS the 

preliminary implementation plans for all or a part of the Project in light of the overall Project 

plans, monitoring data and observations.  The review could take the form of comments on a plan 

document, a meeting to discuss a document or observations or data summary, or a field outing to 

evaluate and discuss a layout or tree marking.  Review may entail all three.  
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Public review would be coordinated after the Parties have considered technical input, and 

considered possible adjustments to implementation.  The Parties would offer a public review on 

both the Project Website via hyperlinked documents, photos, or interpretations, and via a field 

outing when interest is expressed. 

 

IV. Implementation Monitoring  

 

Implementation monitoring assesses whether treatments were implemented according to design, 

including appropriate mitigation measures and management constraints.  Stakeholders elevated 

the importance of securing baseline data to inform the Project design and, if gathered in the 

future, to document changes resulting from the treatment for future reference and how these 

changes compare to planned changes.  The following questions form the basis for the 

implementation monitoring basic to the Project:  

 

1. Were treatments implemented according to design criteria, including appropriate 

mitigation measures and management constraints, outlined in the plans for the Project 

and the subsequent decision? 

2. Were fire hazard reduction treatments implemented according to the schedule outlined in 

the decision document? 

3. Did the treatments meet or exceed key land use plan standards and guidelines for direct 

effects? 

4. Did the resultant vegetation and fuels conform to conditions intended in the plans for the 

Project? 

 

A. Implementing Treatments and Monitoring 

 

Elements of implementation monitoring are captured in brief on Attachment A to this Appendix, 

and in greater detail in Attachment B to this Appendix. 

 

Implementation monitoring for USFS is typically carried out by a combination of a contracting 

officer, or their representative, or by technical specialists, such as a botanist, geologist, soil 

scientist, wildlife biologist, or hydrologist, to make certain observations.  Most of this 

monitoring is informed by qualitative professional judgment, on a unit by unit basis. Professional 

judgment is improved over time by reference to new scientific information, perspective, and 

summary and interpretation of quantitative data at various scales.  Qualitative monitoring is 

useful for determining general trends, spot checking that basic assumptions appear to be correct, 

or to aid in determining treatments which may need quantitative monitoring due to unexpected 

outcomes.  The anticipated minimum standard for qualitative monitoring is a walk-through and 

narrative text describing conditions relevant to the design criteria, prescriptions, constraints, and 

mitigation in the treatment area.  Simple and quick measures of different conditions and 

photographs may be taken and included in the narrative.  It is important that such walk-through 

monitoring be conducted both before treatment activities have begun and after they are complete.  

Funding for this basic implementation monitoring is anticipated to be allocated from Project 

funds. 
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B.  Supplemental Implementation Monitoring 

 

Stakeholders suggested the importance of implementation monitoring during the June workshop 

to help ensure that the Project‟s concept, design constraints, and mitigation measures were 

effectively implemented.  Key stakeholder concerns during implementation are the retention of 

larger trees, protection for late-successional habitat, the protection of soils, and recovery of 

herbaceous cover. 

 

1. Large Tree Retention and Survival                  

 

The Monitoring Strategy proposes that technical and public review will include special 

consideration for large tree retention in the Project, and that large trees are provided treatment to 

reduce mortality rates.  While other proposed monitoring in the Monitoring Strategy is designed 

to capture how well the Project performs in this measure in total, by forest type, or by treatment, 

the emphasis here is on a tree by tree tracking in each unit.  While the emphasis for thinning in 

the Project is thinning “from below”, or starting with the smallest trees, while retaining “cohort 

1” trees (also described as legacy and heritage trees), the Project provides flexibility needed by 

managers in what size tree to thin in order to address fire threat and forest health issues.  Cohort 

1 trees, defined in the community alternative, generally predate the fire-exclusion era, and are 

typically larger than 25” DBH (diameter at breast [4.5‟] height).  They may dominate stands in 

terms of both canopy stature and biomass, or comprise a secondary or even minor part of the 

biomass of the forest where dense infill of younger trees has occurred or where the cohort 1 trees 

where sparse.  Their retention and treatment is a primary consideration for the various functions 

large trees serve while living, as snags, or down logs. 

 

The technical review will consider cohort 1 trees including both those prescribed or marked for 

thinning and those not.  A representative sample of observations and photos of the cohort 1 trees 

marked for thinning and or treatments to enhance survival will be uploaded on the Project 

Website for transparency. A general public review will be coordinated if requested.  

Implementation monitoring will include follow-up verification that un-marked trees were not cut.  

If the technical review discovers unmarked cohort 1 trees are cut, the causes will be considered 

and proposed changes in operations discussed. 

 

2. Late Successional Habitat   

 

Stakeholders placed a high priority on sustaining late successional habitat for dependant species, 

for which the watershed was included in an LSR under the Northwest Forest Plan, and especially 

the Northern Spotted Owl, for which the watershed was designated Critical Habitat by the US 

Fish and Wildlife Service.  Technical and public review during the design, prescription writing, 

and implementation will be important.  A variety of existing data and proposed data will help 

inform the group about this habitat and where it occurs relative to implementation 
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3. Riparian Protection 

 

The Project provides setback buffers around riparian habitat to leave it untreated, and proposes 

treatment not to exceed 50% of the upland forests nearby within the Riparian Reserves as 

established by the Northwest Forest Plan.  Treatment intensity would also diminish toward the 

setbacks.  Implementation monitoring by USFS for these Project design features is anticipated, 

and the implementation strategy would provide technical and public review. 

 

4. Effective Ground Cover for Soil Protection Abating Sediment Delivery 

 

While other monitoring is designed to capture evidence of altered sediment in the branches of 

Ashland Creek, unit by unit consideration of sediment sources, erosion mitigation, and effective 

ground cover is a required focus of USFS implementation monitoring, and will be made a focus 

for supplemental monitoring by stakeholders.  This proposed effort will provide a double check 

on the adequacy of unit design, prescription parameters, operational methods, including planned 

mitigation.  Follow-up on site monitoring of operations and effectiveness of mitigation will also 

be made.  

 

5. Herbaceous Layer Recovery 

 

Response to the treatment in the herbaceous layer, especially concerns about invasive non-native 

species, sensitive species, and other native species recovery was emphasized as important by 

stakeholders.  Non-native invasive species and sensitive species will be tracked in unit by unit 

survey and mapping by USFS.  Supplemental implementation monitoring will provide technical 

review of previous USFS efforts, and provide a general public review if requested. 

 

C.  Tracking Implementation Monitoring   
 

Monitoring observations will be maintained in a database, currently proposed to be 

FEAT/FIREMON Integrated (FFI)
4
, a federal inter-agency developed, publicly available 

designed to hold both quantitative and qualitative monitoring observations.   Data entry for unit-

based qualitative implementation observations has not yet been tested.  

 

V. EFFECTIVENESS MONITORING  

 

Effectiveness monitoring, to be relevant to manager and stakeholder concerns should answer 

questions about performance on Project goals, in this case, functions of ecological or social 

resources or risks associated with them.  It is important that monitoring methods are on point, 

technically feasible, minimize measurement error, and are efficient in accounting for natural and 

social variability over time and space.  

 

The effectiveness monitoring which is proposed for the Project answers questions concerning 

whether the implementation of proposed treatments are effective in achieving USFS‟s purposes 

                                                 
4
http://frames.nbii.gov/portal/server.pt?open=512&objID=483&&PageID=2216&mode=2&in_hi_userid=2&cached

=true 
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and need for the Project, as well as goals and objectives of USFS land management allocations 

over the Project area which will guide the Project.  Stakeholders have many of these same 

questions and additional questions. 

 

While some questions may be answered immediately after treatment when re-measured, other 

answers require passage of time to develop and may require five or ten years, or longer.  

Modeled results based on change in selected measurements may provide answers for some 

questions (e.g. probable fire severity based on mapped fuel models), while others are more direct 

(e.g. tree protection during design and operations).  The proposed effectiveness monitoring is 

outlined below. 

 

A. Developing an Effectiveness Monitoring Proposal  

 

Effectiveness monitoring questions were identified by Project stakeholders assembled for the 

Ashland Forest Resiliency Community Alternative Technical Team in 2005-2006.  These 

questions were largely incorporated in the FEIS as proposed for effectiveness monitoring, along 

with a recommended monitoring methodology
5
.  The OC translated the questions into 

measurable indicators when possible.  Appropriate scales in space and time were considered for 

each, along with methods for measurement.  Stratification of the Project area into forest types 

defined by plant association group, by seral state, and basic structural classes was discussed, 

along with the desire to have a minimum of five sample plots allocated in each type and in 

treated and untreated (control) areas. 

 

B. Integrating Existing or Previously Planned Sources of Baseline Monitoring  

 

At least seven ongoing or proposed projects will provide useful data in the Ashland Watershed.  

Four of these are described here, followed by the remainder of the list. 

 

1. Forest Insect and Disease Plots 

 

Forest Insect and Disease Plots stand exam plots were established by USFS Forest Health 

Protection staff of the Southwest Oregon Forest Insect and Disease Service Center in the 

Ashland Research Natural Area in 2004-2005.  These 40 permanent, fixed and variable radius 

plots, arrayed on a grid with a random start, provide a valuable source of baseline data that may 

serve the Project.  The plots provide basic data on the tree, shrub, and herbaceous layer, down 

wood, fuels, and the location, distribution, and severity of dwarf mistletoes and root diseases and 

the causes of tree mortality for that portion of watershed. 

 

2. Vegetation Data to Train LiDAR Imagery for Forest Mapping 
 

An ongoing USFS program to map vegetation on the Siskiyou Mountains District using  light 

detecting and ranging (“LiDAR”) technology will provide a dense array of on-the-ground stand 

exam plots in and around the Project area. The OC collaborated with the USFS staff working on 

the LiDAR project on ways that forest sampling could also serve baseline monitoring for forest 

                                                 
5
 Ashland Forest Resiliency FEIS, II-92-94. 
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conditions in the watershed.  Some 700 permanent plots will be read starting fall 2009.  The plots 

layout was stratified by modeled PAG and seral/structural state, and actual plot locations are 

randomized.  TNC and COA have proposed to provide technical staff assistance to provide 

accuracy checks for the planned data.  Plots will be taken in locations planned to represent the 

range of proposed treatment types as well as probable untreated control areas, and spanning the 

range of forest conditions.  The locations of a proportion of those plots were coordinated with 

existing USFS ecology, insect and disease, and Forest Inventory and Analysis (“FIA”) and or 

Current Vegetation Survey (“CVS”) plots.   

 

Variable and fixed radius permanent inventory plots will be installed using the National 

standards and protocols of the Common Stand Exam (“CSE”)
6
.  The following tree data will be 

collected: species, diameter, height, crown ratio (proportion of the tree with live crown), radial 

growth, dwarf-mistletoe infection rating, stand position (dominant, co-dominant, intermediate, 

suppressed), live or snag (and decay class), height to crown base, and coarse woody material by 

size class.  

 

In addition to the tree data, the following forest conditions will also be collected: crown closure, 

shrub cover by species, total herbaceous and grass cover, and cover by individual plant 

association indicator species and species considered sensitive by USFS, percentage effective soil 

cover/bare soil, fuels (Brown‟s transects), and  Fuel Model (Scott and Burgan). 

 

Photos will be taken from plot centers in four cardinal directions, and will include a marker or 

signboard that indicates, at minimum, the date the photo was taken and its location
7
.  Plot centers 

will be monumented with a rebar stake, a GPS reading will be obtained at each. Trees greater 

than 5” DBH that intersect the variable radius plot will be tagged.  These efforts were supported 

by the OC to enable accurate re-reading of the plot data in the future, and to reduce potential 

variance due to sampling two locations selected for pre- and post-treatment measurements. 

 

The Monitoring Strategy proposes that plot data will be summarized by forest type and made 

available on the Project Website.  This data can be used to assess a range of indicators and to 

model conditions across the Ashland Watershed.  The Monitoring Strategy proposes repeat 

monitoring of some or all of the measure in the suite or subset of the plots post treatment at year 

2, 5, and/or 10 years, depending on the indicator.  Funding for future monitoring has not been 

identified 

 

                                                 
6
 CSE documentation available at :  http://fsweb.ftcol.wo.fs.fed.us/fsveg/documentation/ 

7
 Several photopoint guides are stored in the Ecoshare Library under Fire Ecology Implementation 

(http://199.134.225.86/ecoshare/news-issues/index-issues.asp) .   
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3. Forest Conditions in Mapped Home Ranges of the Northern Spotted Owl  

 

The Rogue-Siskiyou National Forest is having additional forest stand exam plots installed within 

and around previously mapped home ranges of the Northern Spotted Owls in the Ashland 

Watershed.  to characterize the forest habitat used.  These home ranges were mapped by Oregon 

State University (“OSU”) using telemetry.  USFS and OSU continue to collaborate on securing 

funding to continue the research. 

 

4.  Ecological Effect of the Project: Bird Abundance, Community Composition, and 

Demographics  

 

Birds provide an excellent monitoring tool because they respond relatively quickly to habitat 

change and individual species respond differently. By studying changes in species abundance, 

bird community composition, and demographic parameters such as productivity and 

survivorship, bird monitoring can quantify whether or not land management achieves desired 

conditions.  The USFS and Klamath Bird Observatory (KBO) established bird monitoring as an 

important and cost effective component of the effectiveness monitoring in advance of the 

Project.   

 

KBO has collected pre-treatment data in the watershed annually since 2004, and summarized 

results from 2005 through 2007 breeding season surveys, a 2007 fall dispersal/migration survey, 

and constant effort mist netting (Stephens and Alexander 2008).  KBO detected 13 species that 

are listed as either or both Oregon and Washington Partners in Flight (PIF) focal species for 

coniferous forests and PIF species of continental importance, confirming that a variety of 

conditions that are considered important for the conservation of coniferous forest birds occur in 

the Project area.  These results were discussed in the FEIS.  PIF bird conservation plans and 

information about bird community response to wildfire in the adjacent Little Applegate 

Watershed were used to predict the near and mid-term response of a select group of species to 

the Project.  

 

KBO has continued to operate the constant effort mist netting site annually from May through 

October.  Bird monitoring in the Ashland Watershed is being coordinated with ongoing efforts to 

monitor bird community response to wildfire in the adjacent Little Applegate Watershed as well 

as other efforts to use bird monitoring to evaluate the ecological effects of fuel management in 

the region. 

 

5. Other Ongoing or Previously Planned or Completed Monitoring  

 

 Sediment delivery to Reeder Reservoir via DEQ Required TMDL monitoring  

 Forest Health Protection Program Aerial Tree Mortality Detection Survey 

 Ecology Plots monitored by the USFS Area Ecology Program 

 FIA  and CVS plots 

 COA forest monitoring- 203 permanent plots, including data on trees, snags and coarse 

wood, fuels, vegetation, and soils. 
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C.  Supplemental Effectiveness Monitoring 

 

Technical stakeholders at the June workshop considered these ongoing or planned projects and 

the data that would be available, and then nominated and prioritized supplemental effectiveness 

monitoring to help ensure that the Project and future projects are optimally informed.  Priority 

values for the stakeholders included water quality and quantity, aquatic and riparian habitat, 

large tree survival, late-successional habitat amount and function, herbaceous layer recovery. 

 

1. Water Quality, Quantity, and Aquatic Habitat 

 

Members of a joint USFS and COA group met independent of the other Parties to consider 

monitoring for Ashland Creek focused on monitoring for sediment in stream consistent with the 

EPA standards for Total Maximum Daily Load (“TMDL”)
8
.  At this time, their proposal calls for 

measuring change in accumulated sediment in the catch basins built on both the east and west 

forks of Ashland Creek immediately above Reeder Reservoir.  A monitoring protocol and 

schedule has not been worked out.  Responsibility for the work has not been determined.  

Components of other ongoing and proposed monitoring are included in the attachments to this 

Appendix. 

 

2. Riparian Function 

 

The Monitoring Strategy proposes assessing riparian function in terms of the overall landscape 

reduction in probable exposure to severe fire (assessed by mapped fuel model), and landscape 

level fire regime condition class.  Abating the threat of uncharacteristic stand conditions at the 

landscape scale reduces the threat of uncharacteristic pulses of coarse wood and sediment 

delivery to streams due to large scale, severe fire. 

 

3. Large Tree Vigor 

 

Large tree vigor calls for different monitoring than that discussed above under implementation.  

In this case the concern is whether the Project, after implementation, results in improved survival 

and regained vigor for the large trees.  Such data is gathered in the forest stand exam plots, and 

will be available from already planned work.  Repeating those observations on growth rates at 5 

years and 10 years post treatment is proposed to determine the extent to which the Project was 

successful. 

 

4. Late Successional Habitat 

 

As described in the implementation monitoring section, late successional habitat is an important 

focus for stakeholders in the Project and in the Ashland Watershed.  The FEIS disclosed an 

amount of such habitat that would be impacted by the Project and tracking that amount is 

anticipated to be a component of USFS implementation monitoring.  Several different indicators 

are proposed to assess the condition and function of the habitat.  Fire Regime Condition Class 

                                                 
8
 http://www.epa.gov/OWOW/tmdl/ 
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(“FRCC:”)
9
 analyzed at the scale of the entire Upper Bear Analysis Area compares the amounts 

of stand seral stages and structures (open or closed) across a landscape with estimated historical 

averages for those seral stages.  The forest mapping on which FRCC is based can be informed by 

the data from the planned USFS forest inventory plots, and may eventually use the LiDAR data 

trained by those plots. Other indicators proposed include functional measures, such as habitat use 

by Northern Spotted Owls, and fire resistance, or the potential for large trees to survive in a fire 

event, by considering the proportion of relatively large trees, or the fuel models and anticipated 

fire effects. 

 

5. Herbaceous Layer Recovery 

 

Response to the treatment in herbaceous layer, especially concerns about invasive non-native 

species, needs to be tracked in unit by unit survey and mapping effort.  The effects of the Project 

on the ratio of native to non-native species may be evaluated at 5 years post treatment, but 10 

years provides anticipated spiked fluctuation to settle out. 

 

6. Using Birds as Indicators of Conditions at Landscape Scale 

 

Stakeholders expressed interest in furthering bird monitoring initiated by the KBO to use birds to 

indicate landscape conditions.  To monitor the Project in the context of regional bird populations, 

KBO proposes to 1) continue to operate the constant effort mist netting site annually 

(Attachment A and B), 2) complete 5 years of post-treatment bird surveys during the spring 

breeding season and fall dispersal/migration season, and 3) complete associated analyses, 

reports, and an outreach product (i.e. Decision Support Tool) to disseminate findings.  Results 

from these monitoring efforts will document changes in bird abundance and demographics 

related to changes in ecosystem characteristics, post-fire bird communities (i.e., the Quartz Fire), 

and PIF conservation objectives.  This information can be used to evaluate the success of the 

Project to reach the desired ecological conditions, whether bird communities post-fuels reduction 

are similar to post-wildfire, and substantially improve the best available science to inform future 

regional fuels reduction prescriptions in order to meet both the needs of healthy forests and bird 

communities. 

 

7. Fire History 

 

Stakeholders expressed interest in obtaining more accurate temporal and spatial fire history 

information.  This information would substantially improve the available science regarding fire 

periodicity in various locations in the watershed, influence desired outcomes in native and non-

native herbaceous recovery, help influence and inform future fuels reduction prescriptions, be 

useful in helping determine return intervals for maintenance burning in the project and in general 

help establish reference conditions that can guide treatment to improve long-term resiliency of 

                                                 
9
 FRCC is an indicator developed as part of LANDFIRE, a national interagency mapping effort designed to provide 

fuels and vegetation layers and analytical approaches for broad scale use (see http://www.landfire.gov).  Refer to the 

website for definitions and methods to determine FRCC. 

 

http://www.landfire.gov/
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the forest ecosystems of the Project area. Effectiveness monitoring would measure the degree to 

which post-treatment conditions allow a return to historical fire frequencies and severities.   

    

8. Other priorities, and Developing a Budget 

 

The range of ongoing, proposed and possible monitoring follows in Attachment A to this 

Appendix, and in more detail in Attachment B to this Appendix.  Where costs for past work or 

probable costs for future work are known those are shown.  Funds for follow up, post treatment 

effectiveness monitoring have not been identified, but could be built into a combination of 

allocations from all Project dollars, and additional funds raised by the Parties and other 

stakeholders. 

 

 

D. Pilot Data from the Ashland Research Natural Area 
 

As described earlier, under the Forest Insects and Disease data set, a set of existing data from 40 

forest inventory plots in the Ashland Research Natural Area serve as pilot data to help inform 

assessment of natural variation in the Ashland Watershed and inform sampling intensity 

considerations and statistical power.  The OC worked with that data set and the Parties are 

making the data available to interested stakeholders and summaries on the Project Website.  

Initial power assessments for several indicators were run for plots sorted by PAG, and later by 

strata (see Attachment C to this Appendix) 
 

The Monitoring Strategy proposes “stratification” for observations, sorting data points into 

forest-type bins to prevent jumbling together various forest types, so that “apples and oranges” 

are measured separately.  The tentative bins proposed to include a set for each PAG, each of the 

three dominant seral states that occur in the watershed, and three fundamental treatment regimes 

(see Table 1 below). 

 
Table 1.  Stratification factors that could be considered for sampling design or analysis of data 
from the monitoring of the Project.  Dominant conditions in bold.  Note, other stratification 
approaches may also be appropriate.   

Plant Association 
Group Seral-Structural States Treatment Regimen 

Ponderosa Pine early (shrub) Fuel Discontinuity  

Dry Douglas Fir mid-seral closed Strategic Ridgeline 

Moist Douglas Fir mid-seral open Control  

Dry White Fir mid-seral closed w/legacies RNA 
Moist White Fir late-seral open Urban Interface 

 late seral closed  

 

The combinations of possible plant association group by dominant seral states by treatment 

regimen (not including a distinct type for the RNA) yields 30 combinations or strata.  

Considering post treatment conditions and keeping the RNA treatment and urban interface 

regimens separate would result in 150 different possible combinations.  Robust sampling is 

necessary at either end of that spectrum.  Preliminary estimates of sampling size for a forest type 

suggest that as many as 17 plots may be necessary to provide relatively narrow confidence 
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intervals around estimated means for indicators where the data is less variable.  Stratification that 

parses some of the variation out amongst strata can reduce the standard deviation around 

measure and may lead to a reduced sampling size to reach desired confidence intervals. 

 

E.  Tracking Effectiveness Monitoring and Science Delivery 

 

TNC worked with the OC and contracted Mason Bruce and Girard Inc. (“MBG”) to develop a 

monitoring database that will hold effectiveness monitoring data and other observations, as 

discussed under implementation monitoring.  Existing and future data will be entered into a 

FEAT/FIREMON Integrated (FFI) database.  FFI provides software for: data entry, data storage, 

Geographic Information System, summary reports, analysis tools and Personal Digital Assistant 

use.  FFI supports scalable (project to landscape scale) monitoring at the field and research level, 

and encourages cooperative, interagency data management and information sharing. 

 

F.  Developing Measurable Indicators 

 
Attachments A and B to this Appendix include monitoring elements representing the initial 

interests of the Parties, which is committed to work with the stakeholders to find resources to 

provide for the highest priorities identified.  These monitoring elements are subject to available 

funding among the Parties.  Several possibilities exist for funding these aspects:  Project dollars, 

PNW research, OSU research, and other private and public stakeholders. 
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Appendix TP-A – Attachment B 

Monitoring Indicators and Methods 

 

The Parties and other stakeholders have prepared this listing of monitoring indicators and methods, 

organized by topic, including a range of both biophysical and social facets. 

 

I. Biophysical Monitoring 

 

a. Fire Behavior 

 

1) Stand level fuels (surface, ladder, crown) in treatment unit 

Goal:  Achieve a fuel model with lower fire severity (TL1, TL2, TL3, TU1, TU2, SH2)
10

 in the higher 

severity
11

 fuel model (e.g. TU5, SH7) within treatment units.   

 

Indicator: Percent reduction in mapped area of moderate and high severity fuel models within units. 

 

i) Map Fuel Model (see FEIS III-13, table III-4) pre-treatment, post-treatment, five-years post 

treatment  

Initially derived from USFS terrestrial data. 

Post-treatment, five-year post treatment or other out-year mapping to be determined. 

ii) Develop “local” photo series using plot photos and data for cross reference to Scott and Burgan 

fuel models. 

Analysis to be determined. 

 

Indicator: Reduced potential for active crown fire. 

 

iii) Map calculated canopy bulk density and subsequent crown fire potential pre-treatment, post-

treatment, five-years post treatment  

Initial calculations using USFS terrestrial data. 

Incorporate into landscape analysis via FLAMMAP
12

 

Calculation and analysis to be determined. 

 

Indicator: Shrub layer cover relative to canopy closure by plant association group (PAG) (“brush 

response”). 

 

iv) Proportion of unit with TU3-5 fuel model trajectory at five-years post-treatment judged in year 

two after final treatment. 

Initial derivation from USFS terrestrial data. 

Post-treatment and two-year post treatment data collection to be determined. 

v) Brush and understory response to treatment  

Initial derivation from USFS terrestrial data. 

Post-treatment and out-year data collection to be determined. 

 

                                                 
10

 Scott and Burgan 2005, General Technical Report No. RMRS GTR-153 
11 High severity fire results in greater than 75% overstory mortality in patches greater than 1 acre.   
 
12

www.firemodels.org 
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2) Landscape level fuel pattern  

Goal:  Achieve a proportion of low, intermediate, and high burn severity fuel models across the 

National Forest System Land in the study area (ca. 22,000 acres) that is consistent with historic range 

of variation
13

. 

 

Indicator: Change in percent distribution of stands with low, mixed, and high burn severity fuel 

models. 

 

i) Map Fuel Model post-treatment, five-years post treatment  

Post-treatment, five-year post treatment or other out-year mapping to be determined. 

Analyze using FLAMMAP or similar software, using random ignitions to measure change 

in severity (flame length, rate of spread, crown fire class). 

FLAMMAP modeling to be determined.  

 

b. Forest Resiliency 

 

1) Stand level tree
14

 resistance to disturbance (insects, pathogens, fire)   

Goal: Achieve stands with a higher proportion of disturbance resistant trees in treated units.  

 

Indicator: Increased proportion of fire resistant species to less-fire resistant tree species
15

. 

 

i) Abundance by tree species from USFS terrestrial data. 

Post-treatment or out-year data collection to be determined. 

 

Indicator: Increased proportion of trees in the more fire resistant larger tree size classes.  

 

ii) Percentage of trees in the 17-24” and > 24” size classes.  

Pre-treatment size-class distribution from USFS terrestrial data.  

No commitment to post-treatment or out-year data 

 

Indicator: Increase in stand vigor as measured by increased radial growth and crown ratios.  

 

iii) Radial growth by species and size class five- and ten-years post- treatment from sample trees. 

Pre-treatment growth information from USFS terrestrial data. 

Post-treatment, five-years post-treatment and ten-years post- treatment data collection to be 

determined 

iv) Proportion of trees with adequate
16

 crown ratios by species, size class from USFS terrestrial 

data. 

Pre-treatment crown ratio information from USFS terrestrial data. 

Five-years post-treatment and ten-years post- treatment data collection to be determined 

 

                                                 
13

 Low - 40%, mixed - 40%, and high - 20%, AFR FEIS Page III – 47. 
14

 Tree for these indicators is considered 5” DBH and greater 
15

 Diameter survival thresholds by species in “moderate severity burned plots” (D. Goheen unpublished data 2009), based 

on 1800 trees 5 years post fire in three 2002 SW OR fires:  Pipo>12, Psme>14, Cade>10, Pila>16, Abco>24, Arme>30, 

Quke>12, Quga>14 
16

 Adequate crown ratios to be defined for each species by oversight committee. 
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Condition: Dwarf mistletoe (Arceuthobium spp.) incidence (trees/acre) and infection severity 

(Hawksworth
17

 or modified Hawksworth (Tinnan
18

) Rating by diameter classes appropriate for 

meeting resource objectives. 

 

v) Mapped extent of high level dwarf mistletoe infestation derived from USFS terrestrial data.   

Calculated percent of infected trees by species.   

Calculated percent of infected trees where severity is high (Hawksworth /Tinnan Severity 

Code = 5 or 6).  

Post-treatment, five-years post-treatment and ten-years post- treatment data collection to be 

determined 

 

Goal: Achieve a basal area in pine dominated stands or around individual legacy conifers that are 

within recommended guidance to reduce risk of pine bark beetles (Dendroctonus spp.) 

 

Indicator: Basal area thresholds for pine dominated stands or for individual pines  by PAG (pine and 

dry Douglas fir (60 to120 sq. ft./acre), moist PAGs (80 to 150 sq. ft./acre.)  

 

i) Basal area calculations from USFS terrestrial data. 

Post-treatment, ten-years post-treatment data to be determined. 

 

2) Landscape level forest resiliency to disturbance 

 

Goal:  Achieve a proportion of structural states
19

  across the National Forest System Land in the study 

area (ca. 22,000 acres) that is more consistent with historic range of variation. 

 

Indicator: Proportional distribution of LANDFIRE structural states relative to historic range (Fire 

Regime Condition Class - FRCC). 

 

i) Mapped structural seral states via Forest Vegetation Simulator (FVS). 

Derived from USFS terrestrial data. 

Post treatment, ten-years post-treatment data to be determined.  

 

Goal:  Achieve a mortality rate from insects and disease that is within the natural range of variation 

(0.5% of the pine trees year
20

) across the National Forest System Land in the Upper Bear Assessment 

Area (ca. 22,000 acres).  

 

Indicator: Bark beetle mortality rate in treated stands relative to control areas. 

 

i) Mapped estimates of mortality in trees killed by year in the Upper Bear Assessment Area by 

species by PAG from annual aerial tree mortality surveys  

Forest Health Protection data available on web.
21

. 

                                                 
17

 Hawksworth, F.G. 1977. The six-class dwarf mistletoe rating system. U.S. For. Serv. Rocky Mtn. For. Range Exp. Stn. 

Gen. Tech. Rep. No. RM-48. 
18

 Tinnin, R.O. 1998. An alternative to the 6-class dwarf mistletoe rating system. West. J. Appl. For. 13:64–65. 
19

 LANDFIRE’s five structural states: early seral, mid-closed, mid-open, late closed, late open.  The same basic 
states were used in the 2005 Upper Bear Analysis.  

20
 Upper Bear Assessment 

21
 http://www.fs.fed.us/r6/nr/fid/as/index.shtml 
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ii) Compare bark beetle-caused mortality (trees/acre) by treatment unit and project area with 

controls based on five-years post-treatment and ten-years post-treatment data. 

Post-treatment and out-year data collection to be determined 

iii) Basal area calculations within target range (see above for stand level BA‟s) 

Percent of stands in the Project area that achieved these BA‟s 

Post-treatment and out-year data collection to be determined 
 

c. Large Tree Retention  

 

Goal:  Retain the largest and healthiest cohort 1 and 2 trees (FEIS). 

 

Indicator: Number and percent of trees 17 to 24 inches DBH and greater than 24 inches DBH 

removed by treatment unit. 

 

i) Trees per acre/treatment unit- setting 17-24 inches and greater than 24 inches DBH removed.   

Derived from USFS terrestrial data.  

Post-treatment, five-years post-treatment, and ten-years post- treatment data (survival of 

large trees) collection to be determined 

 

Indicator: Cohort 1, “legacy”, or “heritage” trees in treated units protected during marking phase, 

harvest, and post harvest 

 

ii) Cohort 1, legacy, “heritage” trees marked for harvest reviewed by technical team and public.  

 
d. Soils 

 

1) Soil Disturbance and compaction 

 

Goal:  Operations to be kept within Project specific, Forest/Regional Standards and Guidelines for 

detrimental soil disturbance or compaction in treatment units. 

 

Indicator: Percent of treatment area detrimentally disturbed or compacted. 

 

i) Implementation monitoring: Use protocol from soil disturbance field guide
22

, and or the 

USFS soil disturbance monitoring guide on a unit by unit (USFS terrestrial data).  USFS will 

provide pre-assessment based on walk-through examination by USFS soil scientist.  Records 

maintained by USFS and shared with the other Parties for uploading on the Project Website as 

soon as practicable.  

 

                                                 
22

 A soil disturbance field guide is being developed by the Forest Service San Dimas Technology Development Center to 

assist in qualitative assessments of soil impacts from both equipment and fire.  A two volume Forest Soil Disturbance 

Monitoring Protocol is also in the works with an anticipated publication date of June 2009 by the Rocky Mountain 

Research Station.  Volume 1 will be a quick field reference and volume 2 will cover soil monitoring in detail.   
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2) Effective Ground Cover
23

 

 

Goal: Operation to be managed or mitigated to maintain required effective ground cover percent by 

slope class year 1 and 2 post treatment (FEIS Page II- 82, Table II-7). 

 

Indicator: Percent of treated area with effective ground cover. 

 

i) Implementation monitoring: Use protocol from Soil Disturbance Field Guide, and or USFS 

Soil Disturbance Monitoring Guide (both in development. Supplemental monitoring may call 

for conducting qualitative assessment during and after each activity  

Year-two post treatment data collection and out-year data collection to be determined 

 
e. Slope Stability 

 

Goal:  Operations and mitigation are implemented as designed to maintain slope stability. 

 

Indicator: Extent to which layout, operations, and treatment follow limitations on Landslide Hazard 

Zone (LHZ) 1 and 2.   

 

i) Implementation monitoring: Document review to determine extent to which a geologist was 

consulted and recommendations followed  

Records maintained by USFS, and shared with the other parties to be uploaded on the 

Project Website as soon as practicable 

 

f. Herbaceous Layer  

 

Goal:  Improve the understory composition of species by PAG and Structural State. 

 

Indicator: Herbaceous cover  

 

i) Estimated cover of indicator herbaceous species in USFS terrestrial data. 

Pre-treatment data for indicator species provided via USFS terrestrial data. 

Post-treatment and out-year data collection needs to be determined. 

 

Indicator: Ratio of native to non-native species cover. 

 

ii) Estimated cover based on all species and designation of native vs. non-native 

Not currently covered by USFS terrestrial data; will require supplemental monitoring 

pre-traetment,  post-treatment and out-year. 

 

                                                 
23

 Any material (i.e. rock, litter, vegetation) which is attached to or lying on the soil surface (AFR FEIS Page II-81) is considered to be 
effective ground cover. 
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Indicator: Number of native species.  

 

iii) Number of native species surveyed in units  

Pretreatment data for designated species from USFS terrestrial data. 

Additional data collection needs to be determined. 

Post-treatment and out-year data collection to be determined. 

 

Goal:  Maintain all sensitive species (vascular plants, bryophytes, fungi, lichens). 

 

Indicator: Survey of sensitive species by unit 

 

i) Sensitive species surveys (USFS terrestrial data). 

USFS will provide pre-treatment data on list of targeted plants. 

Supplemental surveys to be determined. 

Post-treatment and out-years post- treatment data collection to be determined. 

 

Indicator: Document review to determine extent to which a botanist was consulted and 

recommendations followed. 

 

ii) Implementation monitoring:  Records maintained by USFS and shared with the other Parties 

to upload on the Project Website  

 

Goal:  Reduce targeted non-native invasive species in Project relevant areas. 

 

Indicator: Location and extent of target non-native invasive species. 

 

i) Target weed species surveyed  

USFS will provide pre-treatment for targeted plants. 

Supplemental surveys to be determined. 

Propose using TNC GPS Weed Information Management System or other platform 

ii) Implementation monitoring: Document review to determine if target species were mapped 

and botanist was consulted and recommendations followed (supplemental monitoring). 

Records maintained by USFS and shared with the other Parties to be uploaded on the 

Project Website 
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g. Hydrologic Function 

 

1) Water Quality 

 

Goal:  Maintain Total Maximum Daily Load (TMDL) of sediment delivery to Reeder Reservoir
24

. 

 

Indicator: Annual rate of sediment deposition in Reeder Reservoir.  

 

i) Baseline data supplied by COA. 

ii) Conduct bathometric survey of Reeder Reservoir within 5 years of treatment and at regular 

intervals thereafter. 

iii) Excavate sediment and estimate amount of sediment removed from the reservoir. 

iv)Evaluate sediment in the East and West Fork sediment catchment ponds   

v) Inspect and monitor the Reeder Reservoir access road.  

vi) Monitor reservoir slopes for signs of increased erosion. 

COA Public Works 

 

Indicator: Percent fines in stream
25

. 

 

vii) Wolman pebble counts at existing Rosgen monitoring sites on East and West Forks 

Ashland Creek  

USFS has established reference points. 

Data processed through ”Pebble-count Analyzer” software. 

Done at five-year intervals post-treatment or after major events. 

Data collection to be determined. 

 

Goal:  Maintain existing stream temperatures.  

 

Indicator: Summer low flow stream temperature
26

. 

 

i) Existing USFS Stream Survey monitoring points on both branches of Ashland Creek.   

Use remote temperature probes that need to de calibrated, deployed and data download 

Data collection to be determined. 

 

Goal:  Mitigate Project sediment sources 

 

Indicators: Effectiveness of mitigation of displaced soil and loss of effective ground cover 

 

i) Implementation monitoring: Evaluate soil displacement on a per unit basis during and after 

treatment 

USFS walk through by soil scientist or hydrologist 

Records maintained by USFS and shared with the others on the Project Website. 

                                                 
24

 Oregon DEQ established background level at 3.62 yds3/day based on WEPP modeling completed by the Forest Service. 
25

 Su Maiyo (RR-S Forest Fish Biologist) considers the sediment percent more applicable than the embeddedness for sediment 

monitoring  
26 

Summer low flow stream temperature not currently limiting, and DEQ has not set a TMDL. 
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ii) Evaluate ground cover changes 

Pretreatment USFS terrestrial data 

Additional data collection to be determined. 

 

Goal:  Understand hydrologic impacts of major storm events 

 

Indicators: Establish baseline 

 

i) Install remote automatic weather station in the Watershed for more detailed information 

Installation to be determined. 

ii) Establish a link on the Project Website to USGS gauging station on Ashland Creek that 

measures flow 

Oversight Committee. 

 

2) Aquatic Habitat
27

  

 

Goal:  Maintain current assemblage of macroinvertebrates. 

 

Indicator:  Macroinvertebrate indicator species.  

 

i) Macroinvertebrate survey 

Reference sites at high elevation and low elevation currently exist. 

Mid elevation baseline site would require establishment. 

Remeasurement interval of five years and after major events. 

Data collection to be determined. 

 

Goal:  Maintain current fish habitat. 

 

Indicator: Summer residual pool depth in fish bearing reaches in the Project area. 

 

i) USFS Stream Survey Protocol (20% sample of pools or V Star) would be used
 
in selected 

reaches. 

Remeasurement interval of five years and after major events 

Data collection to be determined. 

 

                                                 
27 

Recent assessments (Tioga 1997, Siskiyou Research Group 2001).  SRG evaluated overall stream function as healthy. 
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h. Special Habitats 

 

1) Riparian Habitat
28

 and Wetlands 

 

Goal:  Maintain riparian habitat or wetlands for both aquatic and terrestrial function.  

 

Indicator: Extent to which layout, operations, and treatment follow limitations on Landslide Zone 

Hazard 1 and 2. 

 

i) Implementation monitoring: Document review to determine extent to which a biologist was 

consulted and recommendations followed. 

Records maintained by USFS 

ii) Determine monitoring plots within 50 feet of stream (USFS terrestrial data) 

iii) Establish additional plots (if necessary) to characterize riparian conditions including canopy 

cover mid and high level, and retention of duff and coarse wood within 50‟ of stream. 

Pretreatment data (potentially) derived from USFS terrestrial data. 

Post-treatment and out-year data collection to be determined 

 

Indicator: Area of riparian habitat in close proximity to proposed burn units. 

 

iv) Mapped riparian area relative to treatment unit boundaries 

v) Evaluate post-burn conditions. 

Field evaluation to be determined. 

 

2) Riparian Reserve (NWFP) Function 

 

Goal:  Riparian Reserves are better protected from impact of severe fire. 

 

Indicator: See monitoring for landscape level fuel and structural state patterns. 

 

Goal:  Riparian Reserves are mapped in vicinity of treatment areas. 

 

Indicator: Document review to determine extent to which geological and hydrological specialists were 

consulted and recommendations followed. 

 

i) Implementation monitoring: GIS map informed by on site review 

Records maintained by USFS, shared on the Project Website. 

 

Goal:  No more than 50% of Riparian Reserve (outside of riparian habitat) treated. 

 

Indicator: Percent of area treated. 

 

i) Mapped treatment area.   

ii) Map informed by on site review. 

Post-treatment field evaluation to be determined..  

                                                 
28

 Terrestrial vegetation influenced by aquatic habitat. 
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3) Late-Successional Wildlife Habitat 

 

Goal:  Develop landscape-level late successional habitat within Historic Range of Variation of 

structural states (Landfire/Upper Bear Assessment).  

 

Indicator: See monitoring for Forest Resiliency, 2) Landscape resiliency. 

 

Goal:  Maintain stand level late-successional habitat attributes. 

 

Indicators: Stand level attributes within desired ranges by PAG (Upper Bear Assessment/Landfire)  

 

i) Large woody material per acre averages (by size and decay class). 

Pretreatment data from USFS terrestrial data. 

ii) Average stand diameter.  

Pretreatment data from USFS terrestrial data. 

iii) Diameter range (structure) (Size Class Distribution).  

Pretreatment data from USFS terrestrial data 

iv) Snags per acre by size and decay classes.  

Pretreatment data from USFS terrestrial data. 

v) Post-treatment and out-year treatment data to be determined. 

 

Goal:  Research response of northern spotted owl to fuel reduction treatments. 

 

Indicator: Change in habitat quality 

 

i) Baseline habitat described (FEIS) and quantified. 

Pretreatment data from USFS terrestrial data. 

ii) Post-treatment evaluation and analysis by ROR-SIS Wildlife Biologist. 

Analysis costs not yet committed. 

 

Indicator: Habitat use 

 

i) Two-years pre-treatment home ranges and habitat use data available. 

Post-treatment and out-year telemetry data (USFS/OSU) acquisition to be determined. 

 

Indicator: Survival and fecundity  

 

ii) Two-years pre-treatment home ranges and habitat use data available. 

Post-treatment and out-year telemetry data (USFS/OSU) acquisition to be determined. 
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Indicator: Percent of northern spotted owl use/time in standard nesting, roosting, foraging habitat 

versus abiotically modeled habitat.  

 

iii) Two-years pre-treatment home ranges and habitat use data available. 

Modeled habitat data available 

Post-treatment and out-year telemetry data (USFS/OSU) acquisition to be determined. 

Analysis needs to be determined. 

 

Indicator: Distribution and success of Barred owls.  

 

iv) Assessment of number of breeding pairs. 

Analysis for interactions with treatments and Northern Spotted Owl 

Data acquisition and analysis to be determined. 

 

Goal:  Maintain other late-successional dependent species. 

 

Indicator: Abundance and habitat use of Pacific fisher. 

 

i) Post treatment camera detection to compare to pretreatment.   

ii) Pull Hair for DNA analysis 

iii) Radio collar captured individuals 

iv) Test habitat use, treatment/mitigation avoidance/effectiveness  

v) Mark recapture for DNA from hair for density. Confirm use compared to estimated 9-11 

individuals modeled in the FEIS for carrying capacity. 

vi) Determine habitat islands were retained. 

Funding and data collection to be determined 

 

Indicator: Abundance of “sentinel snag” bat maternity roosts
29

. 

 

vii) Derived from USFS terrestrial data on snags by distribution and size class. 

Post-treatment  and out-year data collection to be determined. 

 

Indicator: Nesting cavities; see snags under late-successional habitat. 

 

viii) Derived from USFS terrestrial data on snags by distribution and size class. 

Post-treatment  and out-year data collection to be determined. 

 

                                                 
29

 Pallid bat, long-eared bat, fringe-tailed bat 
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Indicator: Bird abundance, community composition, and demographics 
30

. 

 

ix) Pre-treatment data has been collected in the watershed annually since 2004, using standardized 

bird (point counts, area search, mist-netting and banding) and vegetation survey methodologies 

(Stephens and Alexander 2008).  

x) Additional pre-treatment data needed, including continued operation of the constant effort mist 

netting site annually from May through October.  Additional point count and area search surveys 

might be needed depending on Project design changes since 2004.  If units have been redefined, 

one year of surveys across the landscape of the Project area would be beneficial.   

xi) Collect post-treatment data using standardized bird (point counts, area search, mist-netting and 

banding) and vegetation survey methodologies and complete an analysis to compare with pre-

treatment data.  

Funding not identified 

 

II. Social Monitoring 
 
a. Level of Support for the Project  
Goal:  Increased community knowledge of the need for and benefits of the Project and Project 

collaborators.  

 

Indicator: Percent of positive responses to an annual survey/interview on key facets of the Project 

 

i) Initial survey/interview addressing ecologically sensitive timber harvest, late successional 

reserve management (protection/restoration), municipal water supply, prescribed burning, smoke 

management, recreation, solitude and wildness, etc by SOU 

ii) Continue to address this issue with the community as treatments occur and monitoring results 

are available. 

Future funding/support to be determined 
 

Goal:  Increased sense of stewardship.  

 

Indicator: Percent of positive responses to an annual survey/interview on sense of stewardship. 

 

i) Survey/interview. 

Future funding/support to be determined 

 

Indicator: Participation in Project activities (number of individuals, hours of involvement in 

monitoring, tours, website contact, programs, and presentations)
31

. 

 

ii) Document report and review participation. 

Records kept by the Parties 

                                                 
30 Report on file: Monitoring the Ecological Effect of Fuels Reduction in the Ashland Watershed: A Summary of Pre-treatment Bird 
Community Composition. Jaime L. Stephens and John D. Alexander. June 30, 2008. Klamath Bird Observatory. PO Box 758 Ashland, 
Oregon, 97520 
 
31

 At least 20 volunteers in the field, 100 interested persons participating in discussion at a minimum of six meetings and tours, outreach 
to at least four outside groups (including Southern Oregon University  and Rotary), at least 1,000 website visits, 200 downloads of project 
material, and 200 comments (NFF grant). 
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b. Capacity for Collaboration   

 

Goal:  Increased community capacity for collaboration on the Project and related forest projects.
32

  

 

Indicator: Percent positive responses to an annual and initial retrospective survey/interview among 

participants in the Project, pre NFF, and post NFF. 

 

i) Survey/interview questions about collaborator credibility, transparency, communication 

timeliness, balance of assertion/accommodation, collaborative problem solving ability, shared 

decision making. 

Future funding/support to be determined. 

 

Indicator: Percent positive responses to an annual survey/interview of general public not directly 

involved in the Project about Project collaborators.  

 

ii) Survey/interview questions about collaborator credibility, transparency.  

Future funding/support to be determined. 

 

Indicator: Diversity of representation in collaborative effort to plan and implement the Project. 

 

iii) Observed and documented number of individuals and groups (agency, municipal, 

environmental, industry, community organizations, etc) invested in the Project. 

Records kept by the Parties on the Project Website 
 

c. Quality of Life 
 

Goal: Perception of quality of life is improved and sustainable. 

 

Indicator: Proportion of forest interface effectively treated to promote fire safe community. 

 

i) Mapped acreage treated. 

Tracked annually by COA 

 

Indicator: Net balance (favorable/negative) for an array of ecosystem services- municipal water, 

recreation opportunities for, solitude and wildness, late-successional reserve values, active forest 

management, harvest, smoke, prescribed burning, and social process around the Project. 

 

ii) Survey/interview. 

Future funding/support to be determined 

 

                                                 
32

 Past quality of collaboration was assessed by Fleeger in 2008 
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Indicator: Economic activity generated by the Project. 

 

Document/review: 

iii) Number of local workers involved in Project. 

iv) Dollars from the Project in the Rogue Valley. 

v) Percent of contracts to small and large local contractors. 

vi) Number and diversity of woods products processed locally. 

To be determined 

 
d. Landscape Scenic Character  

 

Goal:  Maintain a natural appearing landscape based on visual quality objectives. 

 

Indicator: Percent change from existing for openings in foreground viewed from COA. 

 

To be determined 

 

Indicator:  Straight high contrast lines on the slopes and ridges. 

 

Landscape architect photo points and professional judgment of line, form and texture, openings, 

contrast from key viewpoints  

To be determined 
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Appendix TP-A – Attachment C 

 

Pilot Power Analysis for a Selection of Proposed Indicators 

for the Ashland Forest Resiliency Project 

using Pilot Data from the Ashland Research Natural Area 

 

Nathan Rudd, Biometrician, The Nature Conservancy.  September 2009 
 

This summary provides preliminary results of a power analysis based on pilot data (n = 40 plots) from 

the Ashland Research Natural for the proposed Ashland Forest Resiliency project for the following 

indicators:  % crown closure, % total shrub cover, % mortality from bark beetles (calculated both from 

trees/acre and basal area), and % of fire resistant and large trees (also as TPA and BA). 

 

Methods 

 

I used PROC POWER in SAS (9.2) to calculate required samples size for estimating indicator values 

with 90% confidence at varying levels of precision (defined as the half-width of the confidence 

interval) and for a range of standard deviations (SD) that more or less reflect the range of observed 

values.  I used summary statistics calculated by Plant Association Group (PAG) to develop inputs for 

power analyses (i.e., precision levels and range of variability for each attribute).  The „tolerance 

probability,‟ or probability of meeting the desired precision level, was set at 0.8.  An estimate of the 

probability of an interval (CI) both encompassing the true mean value and being no greater than the 

desired half-width is 0.9*0.8 = 0.72. 

 

The major caveats for this analysis are: 

1. the small size of the pilot sample relative to the proposed full sample (~750 plots), which 

brings into question the validity of SD estimates; 

2. statistics and sample size estimates are calculated for PAG over all canopy/seral stages.  The 

full sample will likely be stratified by these PAGs, several canopy/seral stages and several 

treatment regimens. It‟s possible that variation within PAG/canopy/seral strata will be smaller 

than what is indicated from the pilot sample.  On the other hand, the full sample will cover 

additional area, and so observed variance may be larger for some indicators. 

3. this analysis assumes normally distributed data, which is especially unlikely for attributes like 

% mortality from bark beetle, where observed mortality rates in pilot data are very low (i.e., 

the distribution is highly skewed).  Power estimates can be relatively robust to this assumption 

at larger sample sizes, but pilot sample sizes are quite small.  

 

Only 3 plots fell in the PIPO PAG and only one of these was forested; the non-forested plots were 

omitted from this analysis and the forested plot was grouped with other DDF plots.   

 

Crown Closure and Total Shrub Cover 

 

Results are grouped for these two indicators because the range of variability is similar for both, as is 

the possible range of data values, i.e., 0-100% (though total shrub cover could conceivably be > 

100%?).  Summary statistics are given in Tables 1 and 2. I calculated the required sample size for CI 

half-widths (CIHW) of 5, 10, and 15, and for SD of 10 to 30 by 5 (Table 3).  A graph of total sample 

size vs. CIHW is in Figure 1.  
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Median and mean values are very similar for crown closure, suggesting the distributions are not highly 

skewed.  Total shrub cover is more variable (higher CVs) and appears to have a more skewed 

distribution.  Provided sample size by strata is somewhere close to 17, crown closure estimates should 

be within ± 5-10% cover for most PAGs except DDF (Table 3).   This is also true for shrub cover, but 

with lower mean values one would want CIHW to be no more than 5% cover (or even less) to be 

meaningful.  This is unlikely to be possible unless stratification leads to SD of 10 or lower. 

 

 

 
 

 
 

Table 3. Summary of power analysis. 

Required N for estimating Crown Closure or Total Shrub Cover with 

90% confidence and at least an 80% chance of the estimate being 

within 5, 10 or 15 cover points of the mean.  

 Half- Width 

 5 10 15 

Alpha-- Std Dev-- -- -- -- 

0.1 10 17 7 5 

 15 32 11 7 

 20 53 17 9 

 25 79 24 13 

 30 111 32 17 

 

Table 1. Summary statistics for % Crown Closure

PAG N Median Mean ±90% CI SD CV

DDF 9 88 77.7 15.80 25.490 32.82

MDF 8 87 87.9 5.86 8.741 9.95

MWF 11 88 84.7 7.43 13.595 16.05

DWF 10 77 76.1 10.13 17.477 22.97

All 38 87 81.4 4.76 17.393 21.36

Table 2. Summary statistics for % Total Shrub Cover.

PAG N Median Mean ±90% CI SD CV

DDF 9 2.9 8.8 6.26 10.098 114.68

MDF 8 8.4 13.1 9.33 13.936 106.75

MWF 11 22.3 35.7 14.42 26.392 74.02

DWF 10 15.9 19.1 10.40 17.947 93.82

All 38 13.6 20.2 5.74 20.960 103.82
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Figure 1. 

 

Crown Closure/Shrub Cover; N vs. 90% CI Half-width for Varying SD
Assume at least 80% chance of achieving CI Half-Width
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% Mortality from Bark Beetle 
 

Summary statistics in Table 4 indicate that mortality from bark beetle is quite low.  Estimates based on 

TPA are lower than those based on basal area, probably because the range of TPA is much greater than 

basal area for a given plot.  With mortality estimates this low, it may be difficult to achieve estimates 

with CIHW that are less than the mean value (Table 5, Figure 2). 

 

 

 
 

 

 

Table 4. Summary statistics for % mortality from bark beetle, calculated by TPA and BA.

PAG N Median Mean

±90% 

CI SD CV Median Mean

±90% 

CI SD CV

DDF 9 0.0 0.7 1.18 1.90 255.64 0.0 2.2 2.86 4.61 205.54

DWF 10 0.0 2.6 3.35 5.78 223.21 0.0 5.0 5.54 9.55 191.07

MDF 8 0.2 1.4 1.96 2.93 210.33 3.3 6.1 6.22 9.28 151.69

MWF 11 0.0 4.8 6.41 11.72 242.33 0.0 8.9 7.16 13.11 148.05

All 38 0.0 2.6 1.94 7.09 278.09 0.0 5.7 2.68 9.78 171.56

Trees / Acre Basal Area

% Mortality from Bark Beetle

Table 5. Power analysis for % mortality from bark beetle.

2 5 10

Alpha Std

-- Dev

--

0.1 2 7 3 3

5 24 7 4

10 79 17 7

15 169 32 11

-- -- --

Required N for estimating bark beetle mortlaity with 

90% confidence and at least an 80% chance of the 

estimate being within 2, 5 or 10 mortality points of the 

mean. 

Half- Width
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Figure 2 

 
   Summary based on trees >= 24" dbh.      

Bark Beetle Mortality, N vs. 90% CI Half-width for Varying SD
Assume at least 80% chance of achieving CI Half-Width
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   % Mortality from Bark Beetle 

   Trees / Acre Basal Area 

Obs PAG N Median Mean 
±90% 

CI 
SD CV Median Mean 

±90% 

CI 
SD CV 

1   34 0.0 12.3 6.68 23.00 187.7 0.0 13.3 6.33 21.80 164.1 

2 DDF 8 0.0 4.9 6.28 9.38 193.2 0.0 5.6 7.03 10.50 186.7 

3 DWF 8 0.0 12.7 16.41 24.50 192.5 0.0 10.4 13.26 19.80 190.0 

4 MDF 7 9.4 21.6 26.56 36.16 167.0 16.7 23.8 26.07 35.50 149.1 

5 MWF 11 0.0 11.3 10.56 19.32 170.7 0.0 14.2 9.91 18.14 127.4 

 
The means for both TPA and BA are larger (and much more similar), but the distributions are still obviously skewed, and SDs are a lot bigger.  Of course, some plots 

dropped out because they had 0 total TPA/BA of trees > 24".  You can compare the SDs to graphs in the current summary that span the range of 10-30 or 40 to get an 

idea of what this means for required N (Figures 1 and 3). 
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Notes on Stratifying sample by Seral/Canopy or Legacy status 

 

Data were stratified by seral/crown closure and legacy plot status to verify that stratified 

sampling will result in lower variability (and therefore higher precision at proposed sample 

sizes). For seral/canopy, only the MWF PAG has enough samples for analysis (i.e. > 4 in each 

strata).  All plots in this PAG are legacy plots.  For summary tables by legacy status, Y = legacy 

plots.   

 

I included 10 plots in the Dry Doug-Fir PAG for this summary (rather than the 9 that were 

counted for the original power analysis), i.e., both Plots 17 and 28 were included in this group 

(per “RNA plot allocation proposed with legacy.xls”).   

 

Crown Closure 

 

Stratification substantially lowers the SD of the MWF LCL (late seral stage, closed canopy) plots 

(Tables 1-2, from 13.6 for unstratified to 9.8 for this class).  Variation among MCL (mid-seral, 

closed canopy) plots is higher, as might be expected (SD = 16.9).  At proposed sample sizes 

(average of 17 / strata), estimates may be within ± 5 cover points for LCL, but will probably be 

closer to 10 for MCL.   

 

Stratifying by legacy status greatly reduces SD for DDF in legacy plots (Table 3). The same is 

true to a lesser degree for DWF legacy plots.  Stratifying for legacy increases SD in the MDF 

legacy plots. 

  

 
 

Table 1. Summary statistics for % Crown Closure

PAG N Median Mean ±90% CI SD CV

DDF 10 87.5 69.9 19.92 34.362 49.16

MDF 8 87 87.9 5.86 8.741 9.95

MWF 11 88 84.7 7.43 13.595 16.05

DWF 10 77 76.1 10.13 17.477 22.97

All 39 87 79.4 5.82 21.556 27.16
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Shrub cover 

 

Later seral stages have lower or comparable SD (no doubt related to consistently lower shrub 

cover).  Legacy plots have lower SD except for MDF.   

 

 
 

Table 2. Crown closure by seral/crown strata.

PAG

Seral 

Strata N Median Mean

±90% 

CI SD CV

DDF 1407LO 2 83 83 28.4 6.36 7.71

DDF 1407MC 3 88 82 19.5 11.59 14.08

DDF 1407MCL 3 90 91 7.0 4.16 4.56

DDF 1407MO 2 7 7 41.0 9.19 141.42

MDF 1408LCL 3 96 97 2.9 1.73 1.79

MDF 1408MC 2 77 77 12.6 2.83 3.67

MDF 1408MCL 3 84 86 5.8 3.46 4.03

MWF 2003LCL 5 87 87 9.3 9.78 11.27

MWF 2003MCL 6 89 83 13.9 16.89 20.35

DWF 2004LCL 4 71 70 17.0 14.45 20.64

DWF 2004MC 3 96 82 45.3 26.89 32.79

DWF 2004MCL 3 75 78 24.1 14.29 18.25

Table 3. Crown closure by legacy status.

PAG legacy N Median Mean

±90% 

CI SD CV

DDF N 5 69 52 40.6 42.59 81.89

DDF Y 5 88 88 6.2 6.50 7.40

MDF N 2 77 77 12.6 2.83 3.67

MDF Y 6 93 92 5.4 6.50 7.11

MWF Y 11 88 85 7.4 13.59 16.05

DWF N 3 96 82 45.3 26.89 32.79

DWF Y 7 75 74 10.2 13.87 18.85

Table 4. Summary statistics for % Total Shrub Cover.

PAG N Median Mean ±90% CI SD CV

DDF 10 6.9 10.5 6.32 10.908 104.00

MDF 8 8.4 13.1 9.33 13.936 106.75

MWF 11 22.3 35.7 14.42 26.392 74.02

DWF 10 15.9 19.1 10.40 17.947 93.82

All 39 13.6 20.3 5.59 20.700 101.83
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% Mortality from Bark Beetles 

 

Stratification does not appreciably lower variance for bark beetle mortality. i.e., in strata with a 

higher incidence of mortality, SD is similar or larger than when estimated by PAG.  This is 

because overall bark beetle mortality is relatively low (distributions are still usually skewed). 

 

 
 

Table 5. Shrub cover by seral/crown strata.

PAG

Seral 

Strata N Median Mean

±90% 

CI SD CV

DDF 1407LO 2 13 13 63.4 14.21 109.46

DDF 1407MC 3 0 4 12.9 7.65 171.48

DDF 1407MCL 3 2 5 9.2 5.46 117.33

DDF 1407MO 2 26 26 1.0 0.22 0.85

MDF 1408LCL 3 4 9 15.3 9.07 103.19

MDF 1408MC 2 11 11 57.8 12.95 114.25

MDF 1408MCL 3 13 18 35.3 20.96 113.47

MWF 2003LCL 5 40 44 29.7 31.19 70.62

MWF 2003MCL 6 21 29 18.1 21.96 76.88

DWF 2004LCL 4 19 17 13.7 11.62 69.93

DWF 2004MC 3 14 23 46.0 27.29 118.00

DWF 2004MCL 3 10 18 36.4 21.56 116.63

Table 6. Shrub cover by legacy status.

PAG legacy N Median Mean

±90% 

CI SD CV

DDF N 5 13 13 12.3 12.88 99.11

DDF Y 5 3 8 8.8 9.28 116.27

MDF N 2 11 11 57.8 12.95 114.25

MDF Y 6 8 14 12.7 15.39 112.90

MWF Y 11 22 36 14.4 26.39 74.02

DWF N 3 14 23 46.0 27.29 118.00

DWF Y 7 18 17 11.0 14.95 85.84

Table 7. Summary statistics for % mortality from bark beetle, calculated by TPA and BA.

PAG N Median Mean

±90% 

CI SD CV Median Mean

±90% 

CI SD CV

DDF 9 0.0 0.7 1.18 1.90 255.64 0.0 2.2 2.86 4.61 205.54

DWF 10 0.0 2.6 3.35 5.78 223.21 0.0 5.0 5.54 9.55 191.07

MDF 8 0.2 1.4 1.96 2.93 210.33 3.3 6.1 6.22 9.28 151.69

MWF 11 0.0 4.8 6.41 11.72 242.33 0.0 8.9 7.16 13.11 148.05

All 38 0.0 2.6 1.94 7.09 278.09 0.0 5.7 2.68 9.78 171.56

Trees / Acre Basal Area

% Mortality from Bark Beetle
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% Fire Resistant Trees 

 

Stratification by seral/crown classes may reduce variability in the percentage of fire resistant 

trees calculated as trees/acre (but not as basal area) for the LCL strata for MWF, but not for 

MCL strata for MWF.  90% confidence interval half-widths may be close to 5 (rather than 10-

15) for this PAG/Seral class.  There is no evidence that variability will be lower for legacy plots. 

 

 
 

Table 8. Summary statistics for % mortality from bark beetle by seral/crown strata, calculated by TPA and BA.

PAG

Seral 

Strata N Median Mean

±90% 

CI SD CV Median Mean

±90% 

CI SD CV

DDF 1407LO 2 2.9 2.9 18.10 4.05 141.4 6.3 6.3 39.46 8.84 141.4

DDF 1407MC 3 0.0 0.3 0.92 0.55 173.2 0.0 2.6 7.49 4.44 173.2

DDF 1407MC

L

3 0.0 0.0 . 0.00 . 0.0 0.0 . 0.00 .

DDF 1407MO 2 50.0 50.0 315.69 70.71 141.4 50.0 50.0 315.69 70.71 141.4

DWF 2004LCL 4 0.4 2.1 4.26 3.62 175.6 3.6 8.9 15.91 13.52 151.4

DWF 2004MC 3 0.0 5.9 17.18 10.19 173.2 0.0 4.8 13.91 8.25 173.2

DWF 2004MC

L

3 0.0 0.0 . 0.00 . 0.0 0.0 . 0.00 .

MDF 1408LCL 3 0.0 0.1 0.40 0.24 173.2 0.0 2.2 6.49 3.85 173.2

MDF 1408MC 2 4.3 4.3 26.94 6.03 141.4 13.6 13.6 86.10 19.28 141.4

MDF 1408MC

L

3 0.9 0.7 1.09 0.65 88.9 6.7 5.0 7.43 4.41 88.2

MWF 2003LCL 5 0.0 2.5 5.15 5.40 216.4 0.0 7.9 13.79 14.46 182.7

MWF 2003MC

L

6 0.3 6.8 12.78 15.54 228.9 4.5 9.6 10.87 13.22 137.2

% Mortality from Bark Beetle

Trees / Acre Basal Area

Table 9. Summary statistics for % mortality from bark beetle by legacy status, calculated by TPA and BA.

PAG legacy N Median Mean

±90% 

CI SD CV Median Mean

±90% 

CI SD CV

DDF N 5 0.0 20.2 42.54 44.62 221.0 0.0 21.5 41.94 43.99 204.2

DDF Y 5 0.0 1.1 2.44 2.56 223.6 0.0 2.5 5.33 5.59 223.6

DWF N 3 0.0 5.9 17.18 10.19 173.2 0.0 4.8 13.90 8.25 173.2

DWF Y 7 0.0 1.2 2.05 2.79 236.5 0.0 5.1 7.85 10.69 209.4

MDF N 2 4.3 4.3 26.94 6.03 141.4 13.6 13.6 86.10 19.28 141.4

MDF Y 6 0.2 0.4 0.45 0.54 125.5 3.3 3.6 3.29 4.00 110.8

MWF Y 11 0.0 4.8 6.41 11.72 242.3 0.0 8.9 7.16 13.11 148.1

Trees / Acre Basal Area

% Mortality from Bark Beetle

Table 10. Summary statistics for % of fire resistant trees, calculated by TPA and BA.

PAG N Median Mean

±90% 

CI SD CV Median Mean

±90% 

CI SD CV

DDF 9 36 38 22.7 36.57 95.4 73 52 24.3 39.22 75.2

DWF 10 15 22 14.7 25.36 113.1 50 50 13.9 23.98 48.2

MDF 8 12 22 17.4 25.98 116.7 44 47 19.2 28.66 60.5

MWF 11 13 19 9.9 18.08 94.6 46 52 8.9 16.38 31.5

All 38 15 25 7.3 26.81 106.4 50 50 7.3 26.53 52.6

% Fire Resistant Trees

Trees / Acre Basal Area
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% Large Trees 

 

For the LCL strata in MWF, stratification by seral/crown classes appears to reduce variability for 

the percentage of large trees expressed as either trees/acre or basal area, but the effect is more 

pronounced for TPA. Provided this trend holds for the full sample, CIHW may be 5-10, instead 

of 10-15.  Variability may also be lower for DWF legacy plots (expressed as % of basal area 

only). However, for the LCL strata in MWF, stratification appears to increase variability in either 

TPA or BA).   

 

 
 

Table 11. Summary statistics for % of fire resistant trees by seral/crown strata, calculated for TPA and BA.

PAG

Seral 

Strata N Median Mean

±90% 

CI SD CV Median Mean

±90% 

CI SD CV

DDF 1407LO 2 80.6 80.6 122.53 27.45 34.1 88.9 88.9 70.15 15.71 17.7

DDF 1407MC 3 14.1 29.6 66.77 39.60 134.0 31.3 39.6 74.75 44.34 112.0

DDF 1407MCL 3 3.6 13.0 33.01 19.58 150.2 20.0 30.9 63.34 37.57 121.6

DDF 1407MO 1 56.2 56.2 . . . 80.0 80.0 . . .

DWF 2004LCL 4 8.0 12.5 15.35 13.05 104.0 45.0 48.8 27.33 23.23 47.6

DWF 2004MC 3 18.8 19.0 12.90 7.65 40.3 50.1 48.0 12.07 7.16 14.9

DWF 2004MCL 3 25.4 39.1 74.50 44.19 113.2 60.0 52.8 69.64 41.31 78.3

MDF 1408LCL 3 9.2 6.2 9.03 5.35 86.6 38.5 29.5 44.14 26.18 88.8

MDF 1408MC 2 29.3 29.3 87.49 19.60 66.8 57.6 57.6 127.15 28.48 49.4

MDF 1408MCL 3 22.4 33.6 65.51 38.86 115.6 71.4 58.5 53.67 31.84 54.4

MWF 2003LCL 5 8.9 11.3 6.18 6.48 57.4 46.2 50.6 18.74 19.65 38.8

MWF 2003MCL 6 20.3 25.6 18.54 22.54 87.9 51.9 53.2 12.31 14.96 28.1

% Fire Resistant Trees

Trees / Acre Basal Area

Table 12. Summary statistics for % of fire resistant trees by legacy status, calculated for TPA and BA.

PAG legacy N Median Mean

±90% 

CI SD CV Median Mean

±90% 

CI SD CV

DDF N 4 35.1 36.2 41.15 34.97 96.6 55.6 49.7 48.79 41.46 83.4

DDF Y 5 35.6 40.1 39.87 41.82 104.4 72.7 54.1 40.18 42.14 77.9

DWF N 3 18.8 19.0 12.90 7.65 40.3 50.1 48.0 12.07 7.16 14.9

DWF Y 7 9.4 23.9 22.48 30.61 128.0 50.0 50.5 21.33 29.04 57.5

MDF N 2 29.3 29.3 87.49 19.60 66.8 57.6 57.6 127.15 28.48 49.4

MDF Y 6 9.3 19.9 23.86 29.01 145.8 44.2 44.0 25.11 30.53 69.4

MWF Y 11 12.5 19.1 9.88 18.08 94.6 46.2 52.0 8.95 16.38 31.5

% Fire Resistant Trees

Trees / Acre Basal Area

Table 13. Summary statistics for % large trees (> 17" dbh), calculated by TPA and BA.

PAG N Median Mean

±90% 

CI SD CV Median Mean

±90% 

CI SD CV

DDF 9 20 21 12.0 19.29 90.4 55 41 17.0 27.45 66.6

DWF 10 21 29 14.0 24.10 83.3 61 59 12.7 21.89 37.0

MDF 8 5 10 8.2 12.21 118.2 28 32 15.5 23.10 71.4

MWF 11 18 25 14.6 26.65 108.7 63 63 11.6 21.28 33.8

All 38 15 22 6.0 22.05 100.5 55 50 7.0 25.70 51.1

Trees / Acre Basal Area

% Large Trees
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Table 14. Summary statistics for % large trees (> 17" dbh) by seral/crown strata, calculated by TPA and BA.

PAG

Seral 

Strata N Median Mean

±90% 

CI SD CV Median Mean

±90% 

CI SD CV

DDF 1407LO 2 40.5 40.5 74.26 16.63 41.1 69.0 69.0 15.03 3.37 4.9

DDF 1407MC 3 11.7 19.0 36.96 21.92 115.7 31.3 35.0 43.65 25.89 74.1

DDF 1407MCL 3 1.2 7.2 19.25 11.42 158.5 13.3 22.6 47.94 28.44 125.7

DDF 1407MO 1 32.6 32.6 . . . 60.0 60.0 . . .

DWF 2004LCL 4 22.2 23.9 20.50 17.42 72.9 68.8 64.4 20.99 17.84 27.7

DWF 2004MC 3 13.5 11.7 10.57 6.27 53.4 38.5 36.2 25.57 15.17 41.9

DWF 2004MCL 3 52.1 52.8 46.84 27.78 52.6 75.0 75.0 25.29 15.00 20.0

MDF 1408LCL 3 2.2 2.7 5.11 3.03 111.7 23.1 21.6 35.19 20.87 96.7

MDF 1408MC 2 8.0 8.0 25.42 5.69 71.2 22.9 22.9 65.77 14.73 64.3

MDF 1408MCL 3 22.4 19.5 28.10 16.67 85.4 54.5 49.4 42.15 25.00 50.6

MWF 2003LCL 5 20.4 19.2 4.79 5.02 26.2 69.2 70.9 12.95 13.59 19.2

MWF 2003MCL 6 10.3 29.0 30.21 36.72 126.8 53.5 56.2 20.80 25.29 45.0

Basal Area

% Large Trees

Trees / Acre

Table 15. Summary statistics for % large trees (> 17" dbh) by legacy status, calculated by TPA and BA.

PAG legacy N Median Mean

±90% 

CI SD CV Median Mean

±90% 

CI SD CV

DDF N 4 22.1 22.4 22.55 19.16 85.7 45.6 41.2 28.91 24.57 59.6

DDF Y 5 20.4 20.5 20.60 21.61 105.3 54.5 41.2 30.95 32.46 78.8

DWF N 3 13.5 11.7 10.57 6.27 53.4 38.5 36.2 25.57 15.17 41.9

DWF Y 7 31.6 36.3 18.69 25.45 70.1 75.0 68.9 11.99 16.32 23.7

MDF N 2 8.0 8.0 25.42 5.69 71.2 22.9 22.9 65.77 14.73 64.3

MDF Y 6 4.1 11.1 11.62 14.12 127.1 32.4 35.5 21.08 25.62 72.2

MWF Y 11 18.2 24.5 14.56 26.65 108.7 62.5 62.9 11.63 21.28 33.8

% Large Trees

Trees / Acre Basal Area


