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Monitoring Fuel Treatments on FS/BLM-Managed Lands in Oregon and Washington
Background
In 2005, the Oregon State Office BLM and Region 6 Forest Service issued separate memos outlining a monitoring strategy for the fuels management program.  At the time, the fuels program had no standard protocols or data standards that would allow units or subunits to share data.  Monitoring was a rather haphazard occurrence, dependent on the presence of a person or small group of people with the interest and drive to conduct any monitoring.  Often when such a person or group left the local unit or subunit, the monitoring program established fell into disuse.  Few monitoring programs were systematic, limiting the ability of the fuels program to identify clear trends in the effectiveness of fuels treatment prescriptions.  The National Offices of both agencies were and remain largely silent on fuel treatment monitoring, standardization of protocols, use of a systematic approach, the sharing of data, and funding despite the fact that both agencies have ample direction on monitoring requirements embodied in both law and regulation.
The Healthy Forests Restoration Act (P.L. 108-148) includes a specific requirement for monitoring the effectiveness of the fuels management program and the impacts of that program on other resources and monitoring of changes in fire regime condition class.  Reports are to be delivered to Congress on a 5-year basis.  Since the National Offices showed no inclination to act on these requirements, the fuels management and fire ecology program leads in the Oregon State Office and Pacific Northwest Regional Office decided to craft direction that would establish a systematic monitoring approach and common database for both agencies.  An interdisciplinary team consisting of fuels managers, silviculturists, and vegetation ecologists from both the State Office-Regional Office and the field developed this direction with release to the field in late 2005.

A BLM National-level fuels program review in spring of 2008 included an assessment of fuels treatment monitoring in Oregon and Washington.  Their findings indicated that the program implementation was spotty with some units having robust programs, some units with minimal programs and some units with no program at all.  Further, although the direction issued recommended interdisciplinary coordination and cooperation, little or no coordination or cooperation was occurring.  The monitoring database identified in the 2005 direction had been replaced by a new database.  Lastly, knowing the locations and types of vegetation treatments is becoming an increasingly important factor in the management of large and long-duration wildfires, however, the 2005 direction did not cover this facet.  These factors indicated a need to revisit, revise, and reissue the 2005 monitoring direction.

Accordingly, a new interagency, interdisciplinary team was convened that included a broader array of natural resource specialists to rewrite the direction and somewhat expand it’s scope to a wider array of vegetation treatments.  The basic precepts of this monitoring remain:

· Objectives should be clearly defined and attainable.

· Monitoring should be designed within the context of the entire fuels and vegetation management programs for a given agency and unit.

· The program should be practical with reasonable costs and based on a set of core attributes, not on “wish lists”.

· The monitoring program should be suitable for both forest and rangeland ecosystems.

Given the expanded scope of the direction, new precepts include:

· This monitoring program will not replace already existing and established monitoring programs in other disciplines, but, instead, coordinate with and supplement them.

· Data standards will include those needed by all resources areas that may participate in the program, sometimes requiring that data be collected using more than one method.
Definitions

Activity – a specific action taken as part of a treatment, such as thinning, brush busting, mowing, piling, burning and so forth.
Administrative Unit – an individual National Forest or BLM District, also called a Unit.

Footprint - the acres within the perimeter of an individual treatment unit.  Since most hazardous fuels treatments involves more than one activity, the footprint acres are usually smaller than the number of acres reported in FACTS and NFPORS for accomplishment purposes.  Level 1 monitoring documents the footprint acres.

Project – a planned series of treatments occurring on a landscape and involving one or more treatment units.
Subunit – an individual Ranger District or Field Office/Resource Area

Treatment – one or more activities undertaken to alter vegetation structure or species composition to attain the treatment objectives.
Treatment Objectives – the specific, measureable intent of a vegetation/fuels treatment or treatment regimen; the treatment prescription.  Treatment objectives should specify the post-treatment structure, such as tree or shrub density, canopy closure, canopy base height, downed woody fuel loading, and so forth.  As need the treatment objectives should specify the intended species composition of the post-treatment stand for at least the target or targeted species.

Treatment Unit – the physical location where a given treatment will occur, is occurring or has occurred.
Monitoring Strategy Objectives

1. Provide a systematic, standardized set of protocols for monitoring direct (first order) vegetation treatment effects that allow data and information sharing between units and agencies.

2. Establish core attributes to monitor first order treatment effects and data standards for those attributes.

3. Establish minimum requirements for quantitative monitoring.

4. Provide guidance and standard protocols for conducting qualitative monitoring.
Monitoring Scale

Monitoring has two types of scales to consider – spatial and temporal.  In the spatial realm, this strategy is focused primarily on monitoring at the local (project) scale.  Depending on the project, this spatial scale typically ranges from a single stand to a 6th field HUC, although a few rangeland projects may actually be larger or affect multiple HUCs.  This strategy also includes the mid-scale (watersheds or subbasins), for Fire Regime Condition Class (FRCC) (http://www.frcc.gov) to assess ecological departure from the historical range.  LANDFIRE vegetation and fuels layers are intended for use at broad sub-geographic, geographic, statewide or larger scales.  However, data obtained at the local scale is used to support updating and development of the LANDFIRE layers by ‘training’ classification of remotely sensed data, usually obtained from satellites.

In the temporal realm, this strategy is focused on short-term monitoring as a minimum.  Short-term means measuring prior to treatment and one year after treatment.  Many projects have longer-term goals and objectives that require more than one year to achieve.  Monitoring beyond a single post-treatment year is not part of the minimum standard.  At present, BLM is restricted to monitoring only up to one year post-treatment using hazardous fuels funds.  While the BLM National Office of Fire and Aviation Management has recognized this limitation may be too restrictive, they have not changed it.  The Forest Service has no such restrictions.  Monitoring beyond a single year post-treatment is highly encouraged, but the funding source should be the resource program interested in the longer-term effects of the treatment.  The hazardous fuels program should cover the costs of monitoring to determine the “life expectancy” of a fuels treatment in terms of fire behavior and fire effects.
Users will also note several other references to different spatial and temporal scales.  This strategy is meant to be applied at the scale of an individual National Forest or BLM District in determining the pool of projects that may be monitored at level 2 or 3.  That particular scale is also applicable for determining the footprint acres of the hazardous fuels program as it relates to monitoring intensity level 3.  The minimum program will not provide sufficient data to draw statistical conclusions on an individual project or in a single year.  Instead, data will need to be collected for multiple projects across several years before applying any statistical analyses.  We recognize this temporal limitation will result in some unavoidable issues concerning whether data really can be combined and analyzed as laid out in this strategy and provide robust results.  This limitation reflects budgetary realities, however.

Another temporal aspect is the difference between “treatment” as used in this strategy and as the term is used more generally.  This strategy distinguishes between treatments and activities.  A treatment may consist of more than one activity and, in fact, most of the treatments consist of at least two activities, especially in forests.  In this strategy a treatment, or treatment regimen, consists of one or more activities designed to achieve the specific vegetation structure established in the environmental analysis and associated decision document.  For example, a treatment may consist of a combination of thinning, piling and burning; 3 activities that comprise the full treatment.  For the purposes of this strategy, monitoring on a selected treatment unit would occur before the thinning activity (pre-treatment) and then after the burning activity (post-treatment).  Monitoring between activities, such as between thinning and piling or piling and burning, is not required.  Maintenance treatments are considered as separate treatments.
This strategy is also meant to apply to the hazardous fuels program footprint.  In the example above, the treatment may occur on a single 100-acre unit.  For accomplishment reporting in NFPORS or FACTS, a total of 300 acres may be reported:  100 acres of thinning, 100 acres of piling and 100 acres of burning, usually taking 2 or more years to complete so that some acres are reported in one fiscal year and some are reported in another.  For monitoring, the footprint is only 100 acres regardless of how long it takes to complete the full treatment.
Monitoring Program Questions
1. Did the prescription result in the desired/intended vegetation structure and species composition?

2. Did the treatment regime meet or exceed key land use plan standards and guidelines for direct effects?
Monitoring Program Basics

There are two basic sets of protocols – extensive and intensive.  The Fire Regime Condition Class process is an extensive protocol primarily for use at the watershed and subwatershed scale, although the process is marginal for small subwatersheds.  The FFI system is an intensive protocol primarily for use in stands.  There are also two basic approaches of within these basic sets – quantitative and qualitative.  Within stands, ocular estimates, photos, and walk-through’s are qualitative methods while stand exams, range inventories, FRCC, and FFI plots are quantitative.  The FFI protocols are based on existing quantitative procedures.  Predictive models must be used for monitoring items we cannot measure directly except at great expense.  Examples of this type of monitoring include emissions production and soil heating models.

All monitoring should be centered on the management question one is trying to answer, not the method.  The specific nature of the question will narrow the potential choices.  The needed scale and intensity of monitoring will further narrow the choices and affect the costs.  Monitoring programs can fall into seven different and hierarchical traps:

· The monitoring is never completed.

· The information or data are collected but never analyzed.

· The information or data are analyzed but the results are inconclusive.

· The information or data are analyzed and interesting but never presented to decision makers or used to inform adaptive management.

· The information or data are analyzed and presented for use but not used due to internal or external factors.

· The data or analyses are filed in locations where it cannot be found by others.

· The data or analyses are filed on media that become obsolete without transfer to non-obsolete media.

While not all these traps are unavoidable, the intent of this strategy is to completely avoid the first two and minimize the occurrence of the other five.

Because the original monitoring strategy was focused on the fuels program, and because the fuels program continues to lack national monitoring direction, the bulk of this strategy is aimed at that program.  Interwoven through the strategy are the interdisciplinary aspects of the strategy, particularly as it relates to other program areas where vegetation monitoring has not necessarily been a main feature of that program’s monitoring.

The fuels program should address three main areas:

1. Alterations to fire regime condition class,

2. Alterations to potential fire behavior and

3. Alterations to potential fire effects.

Other programs can use this strategy to help address whether vegetation treatments:
· Move the ecosystem towards the historical or natural range of variability.

· Improve forage quality and quantity on deer and elk winter range or wild horse management areas.

· Enhance or create specific wildlife habitat elements such as snags, downed logs, or a specific plant community type or structure.

· Improve forage quality and quantity in grazing allotments.
· Improve tree growth rates in plantations.

· Reduce hazardous fuels created by land management activities such as timber sales and silvicultural thinning.

Potentially, there are many other applications that would find this strategy useful, including applications not yet foreseen (or Donald Rumsfeld’s “unknown unknowns”).

Core Attributes

The core attributes of the strategy identify the aspects of vegetation that it incorporates, along with some indication of the possible scales that may be used.
1. Changes in the fuels complex (watershed, subwatershed, and stand scales)

a. Surface fuels – downed wood, piles, litter and duff

b. Ladder fuels – shrubs, conifer regeneration, lichens, and needle drape

c. Live fuels – grass, forbs, shrubs, and trees of all sizes and types

2. Invasive species

3. Stand density – trees and shrubs

4. Stand health – insects, disease, wind throw or wind damage, and other disturbance factors for tree and shrubs

5. Snags

6. The mix of seral structure stages/fuel characteristic classes (watershed and subwatershed scales)

7. Direct effects (stand scale)

a. Mortality of targeted or protected species, size classes, etc.

b. Emissions of PM10 and PM2.5

c. Soil heating, compaction or displacement

d. Dead fuel consumption (downed wood, litter, duff, etc.) 
e. Residual stand damage (nonlethal scorch, cat faces, etc.)

Monitoring Levels

Intensity Level 1
All vegetation treatment units will complete this level of monitoring.  This level consists of GIS polygon layers with basic information about the treatment footprint.  The intent of this monitoring is not to create a separate layer just to comply with this intensity level, but to ensure that treatment units are mapped electronically.

National Forests should follow already established spatial data standards contained in FACTS, including the FACTS treatment codes.  These standards were announced in a July 28, 2008 letter from the Washington Office.
The BLM has not established spatial data standards for mapping fuels treatments, although standards are in development.  Until those standards are in place, BLM Districts should use the standards developed by the Pacific Northwest Wildfire Coordination Group (PNWCG) – GIS Working Team, with one difference.  These standards are a slight variant on those developed at the National Wildfire Coordination Group (NWCG) intended to allow better integration with State databases.  Required elements in regards to this strategy include:
· Polygons referenced by latitude-longitude in decimal degrees and NAD83 datum and a unique identifier for the treatment unit,
· Four letter FFI identifier code to allow cross-referencing with FFI databases (differs from the PNWCG – GIS Working Team and NWCG proposed standard of the NWCG identifier code for unit) and local identifier for subunit,
· Treatment status (planned, initiated, accomplished, etc.),
· Date the fuels treatment polygon was created (YYYYMMDD format),
· Method used to create the polygon in GIS, 
· Treatment type using NFPORS treatment type names, and

· Actual completion date.
Optional fields include:

· Fiscal year the treatment was funded.

· Treatment area name,
· Comments,
· Planned initiation date, and
· Actual initiation date, 

All other vegetation treatments should adhere to existing agency spatial data standards.
Intensity Level 2
This level is recommended for approximately 10% of the treatment units with each administrative unit (National Forest or BLM District) selecting the treatment units at their discretion.  It consists of a qualitative assessment of whether the prescription resulted in the desired vegetation condition and whether the direct effects of the treatment were acceptable.  Methods to conduct this level of monitoring include walk-through exams, use of photo guides, photographs and a write-up that qualitatively answers the two monitoring questions listed above.
First check the FFI protocols to determine if a suitable standard qualitative method is already included.  If none are already present, then users are encouraged to consult with other vegetation monitoring guides (see references) for an appropriate method.  Only when no other methods are available, should users create a new one.  The intent in using existing qualitative sampling methods is to aide in standardization of approach, which better provides for comparing qualitative monitoring between plots, projects and units.  Use of standardized methods, even in qualitative monitoring, provides a sounder basis for future management decisions and for comparing results over time and using different observers.
Qualitative monitoring is useful for determining general trends, as a spot check that basic assumptions appear to be correct, and to aid in determining which treatments may need quantitative monitoring due to unexpected outcomes or developing controversies.  Qualitative monitoring is very useful during intermediate stages of linked treatments to determine if one part of the treatment regimen may have a greater influence on the data during quantitative monitoring.  FEAT/FIREMON Integrated protocols include methods to record the results of qualitative and quantitative measures.

The minimum standard for qualitative monitoring is a walk-through and narrative of the general conditions found in the treatment area conducted both before a treatment regimen has begun and after it is complete.  Some simple and quick measures of different treatment effects may be taken and included in the narrative.  If the treatment regimen involves several treatment types, such as thinning, piling, and burning, then visits at different stages of the regimen may also be useful, particularly for treatment methods that are new to the unit or that have environmental concerns associated with particular elements of the regimen.

Photopoints.  In order to increase the usefulness of qualitative monitoring, photos should be taken from the same site and with the same orientation, but are not part of the minimum standard.  To be most useful, permanent photo points should be established and marked in some manner that allows the same scene to be revisited after treatment.  The photo should include a marker or signboard that indicates, at minimum, the date the photo was taken and location.  The narrative that accompanies the photo should provide information on the type of camera, resolution or film type and speed, orientation of the photo, and landmark information to aid in relocating the photo point.  In revisiting a site for later photos, take the previous photo into the field to aid in relocating the site as well as in reframing the next image to match the previous image as closely as possible.

Three photopoint guides are stored in the Ecoshare Library under the Fire Ecology Implementation folder to aid in developing useful photopoints in uplands and riparian areas.  These are:

Lucy, W.P.; Barraclough, C.L.  2001.  A user guide to photopoint monitoring techniques for riparian areas: field test edition.  Kimberley, BC: Aqua-Tech Scientific Consulting Ltd.  90 p.
Hall, F.C.  2002.  Photo point monitoring handbook: part A – field procedures.  Gen. Tech. Rep. PNW-GTR-526.  Portland, OR: US Department of Agriculture, Forest Service, Pacific Northwest Research Station.  48 p.  2 parts.

van Willigen, G.; Grodecki, A.  2006.  Land manager’s monitoring guide: photopoint monitoring.  Queensland, AU: Department of Natural Resources and Water.  14 p.

Although these guides are largely oriented towards long-term monitoring with photos, they provide useful information for short-term monitoring as well.
Soils.  In winter 2008, a soil disturbance field guide should be available to assist in qualitative assessments of soil impacts from both equipment and fire.  Although developed for the Forest Service, Oregon BLM has recommended its use.  The step gap method is a quick assessment of the approximate spacing of plants and subsequent area susceptible to wind or water erosion or invasive plant establishment, although this method works better in rangeland settings than in forest settings where duff is a common soil cover.  Soil stability can be quickly tested by timing how quickly a small soil sample disintegrates in a bottle cap of water.  For best results, distilled water should be used.
Fuels Photo Guides and FCCS.  The fuels photo guides can provide a visual assessment of the fuel loading and arrangement and newer photo series, generally those published either physically or online since 1998, provide information about the live vegetation as well.  The data provided along with the image can help assess some types of wildlife habitat as well.  Additional information may be provided if the photo can also be tied to a Fuel Characteristic Class, which provides even more detailed data.  Fuels, vegetation and wildlife personnel will need to agree on which photos provide the appropriate data for the specific monitoring element; more than one photo may be applicable as well.  For example, one photo may best describe the surface fuels while another photo may best describe the vegetation.  Use of photos brings with it a higher level of observer error.  To help reduce that error, use more than one person to select the photo at a given location.  Another method is to stop periodically in the treatment area, select a photo, and then average the data associated with each photo for the applicable element.
Vegetation.  Although ocular estimates are notoriously prone to observer error, they can still be useful if the same person conducts all the estimates or if two people visit the treatment area at the same time and come to agreement on the ocular estimate.  Conducting counts at stops through the treatment area can be useful for estimating mortality, damage to the residual vegetation, numbers of snags or downed logs, which species of invasive plant is dominant, heights of forbs, shrubs, and young trees, and estimating ground cover.  Assuming that one’s thumb is the equivalent of a basal area factor 10, one can approximate basal area.  The step-point or pace transect with a pin is a quick and easy method to estimate ground cover, including vegetation, litter, rocks, duff, soil crusts, and bare soil.  It can also be used to estimate the relative proportions of different life forms (forb, grass, shrub, etc.) or of key species.
Intensity Level 3
This is the highest level of monitoring and required for a minimum number of projects per year.  The Healthy Forests Restoration Act requires that a “representative sample” of the projects authorized under the title on each management unit be quantitatively monitored.  We assume that this provision applies primarily at the stand scale.  Changes in fire regime condition class should be monitored across a unit once every five years with a minimum of one watershed or five subwatersheds using the landscape guidebook method or the FRCC Mapping Tool.

Each administrative unit (National Forest or BLM District) with a hazardous fuels program that consists of 1000 footprint acres or less should sample at least 1 project per year with a minimum of 4 plots.  Each administrative unit with larger hazardous fuels programs should sample at least 2 projects per year with 4 to 10 plots per project.  Appendix B provides a detailed description for selecting which projects to monitor where the administrative unit is conducting only the minimum level of monitoring.  This procedure is important to follow in order to ensure that the resulting statistical analysis is sound and scientifically supports the adaptive management process.  Administrative units that choose to develop monitoring programs that go beyond the minimum level required are encouraged to use a stratified sampling approach.  Stratifying projects by some criteria, such as treatment prescription, plant association group, or topographic location, will further increase the scientific robustness of any results.  As needed, seek the advice of someone versed in statistics to help design the program.
For the purposes of this strategy “project” means the collection of treatment units covered by a single environmental decision document where project-level NEPA analysis was conducted, or an individual treatment unit where programmatic-level NEPA analysis was conducted.  The intent of the strategy is to start the monitoring on the minimum one or two projects stated above each year; the timing of the post-treatment monitoring is dependent on the time it takes to complete the treatment.  No post-treatment quantitative monitoring is required until after the final activity is completed, exclusive of subsequent maintenance treatments.  For example, if the full treatment consists of mechanical plus prescribed fire, post-treatment quantitative monitoring is not required until after prescribed fire was declared out.

Use “permanent” plots (i.e. the same location) for both pre- and post-treatment measures.  Using permanent plots reduces the potential variance, thus reducing the number of plots needed for a sound analysis, by eliminating additional potential differences between the two locations selected for pre- and post-treatment measurements.  These plots are not intended to be used in perpetuity, although they could be.  Permanent plots should be marked in some manner that will survive the treatment and be geo-referenced using a GPS unit in the field.  For units with very small programs that are concentrated in a particular geographic location, plots can literally be permanent in order to track changes resulting from multiple treatments over time.

In order to facilitate sharing and compiling data between units and at the State Office and Regional Office level, a standard identification protocol is needed to avoid overwriting data.  The 4-digit Registration Code should consist of the standard 3-letter unit identifier (e.g. DEF for Deschutes National Forest, LAD for Lakeview District) plus a code to identify the subunit.  Each unit will need to share the subunit codes with other units in their subgeographic area and with the State Office-Regional Office.  The State Office-Regional Office will be responsible for requesting copies of each unit’s FFI database for compilation at that level.  As the procedures become a standard part of business, standardized times for submitting databases may be established.

For the fuels program, FEAT/FIREMON Integrated (FFI) or its successor is the monitoring protocol for use at the scale of stands.  Other disciplines without standard protocols or databases can also use FFI.

These procedures examine different stand attributes.  Its best use is to monitor how individual treatment activities affect stand features, such as species composition, fuel loading, and canopy cover.  These results are not scalable.  Depending on what stand aspects are monitored in a given design, FFI results may be used to describe or define a seral structure stage for use in FRCC monitoring.  Since FFI protocols are focused on vegetation, monitoring other elements, such as soils or water quality, should use standard agency protocols for determining the type and degree of effect from the treatment regimen.
Data Standards

In order to make monitoring data most useful, minimum data standards are needed.  For monitoring intensity level 2, the general types of measures would apply (e.g. rough estimates of cover or a description of the observation for that type of measure).  For monitoring intensity level 3, the specific measures and units would apply (e.g. 0-3 inch fuels in tons per acre).  As long as all projects monitored under the quantitative protocols meet these minimum standards, information from a variety of areas can be pooled for additional analyses and to strengthen the analyses.  The five-year monitoring requirement in the Healthy Forests Restoration Act means that data from across the geographic area must be pooled in order to prepare summary reports at the Regional Office and State Office level.

Table 1 lists the data standards for the core attributes.  Individual projects are not required to monitor for all elements or potential measures of those attributes, only the attributes that are relevant to the project objectives.  For example, if forb cover is not relevant to the project objectives, it would not be part of the required monitoring.  If the mean height for conifer regeneration was relevant, but trees per acre and dominant species were not, then only the height measurement would be required.  Latitude in these minimum standards is provided for local situations.  For example, coarse dead woody fuel loading need only be reported for material >3 inches in diameter.  To meet project objectives the material can be reported in a variety of size classes locally, such as 3-6, 6-9, 9-20, and 20+ inches or 3-9, 9-16, and 16+ inches.

Costs of collecting the data should be distributed across the disciplines that want or need the data, taking into account the primary purpose of a given project.  For example, if the primary reason for conducting the project is hazardous fuels reduction in a rangeland setting and reducing shrub cover is part of the project objective, fuels would pay for collecting shrub cover information.  If the primary purpose is hazardous fuels reduction in a rangeland setting and shrub cover is not included in the project objectives, yet range management would like to know how shrub cover or dominant species changes, then the range program would pay to collect shrub information.  On same project, if range or wildlife management wanted to know how some aspect of vegetation not directly related to project objectives, such as how production of a key forage species changed, then the range or wildlife program would pay to collect that information.  The discipline tied to the primary purpose of a given project would pay for plot installation while other disciplines would pay for collecting information not directly tied to the primary purpose.  For example, on a hazardous fuels project, the fuels program would pay for plot installation and primary data collection while other disciplines would pay for any additional information collected to support programs other than the hazardous fuels program.
Table 1.  Monitoring elements, minimum types of information that could be collected based on project objectives and the disciplines most likely to be interested in all or part of the different elements and standards.  Not all elements would be monitoring on most projects.
	Specific Element
	Monitoring Elements
	Discipline

	VEGETATION

	Downed wood
	0-3”, 3”+, and Total (tons/acre)
	Fuel bed depth (inches)
	Large end diameter (inches), small end diameter (inches), length (feet)
	Fuels1, Wildife2, Biomass Utilization2, Soils

	Piles
	Number
	Size
	
	Fuels, Wildlife

	Litter
	Percent cover
	Depth (inches)
	
	Fuels

	Duff
	Percent cover
	Depth (inches)
	
	Fuels, Soils

	Forbs
	Percent cover
	Mean height (feet)
	Production (pounds/acre)
	Range, Wildlife

	Grass
	Percent cover
	Production (pounds/acre)
	
	Fuels, Range, Wildlife

	Shrubs
	Percent cover
	Mean height (feet)
	Dominant species
	Fuels, Range, Wildlife

	Conifer regeneration
	Percent cover
	Mean height (feet)
	Dominant species
	Fuels, Wildlife, Silviculture

	Lichens
	Presence or absence
	General amount (light, moderate, heavy)
	
	Fuels

	Needle drape
	Presence or absence
	General amount (light, moderate, heavy)
	
	Fuels

	Conifers
	Canopy base height (feet)
	Canopy bulk density
	Dominant species
	Fuels, Wildlife, Silviculture, Biomass Utilization

	All trees
	Percent cover3 
	Percent hardwood
	Dominant species
	Fuels, Wildlife, Silviculture, Biomass Utilization

	Invasive species
	Percent cover4
	Dominant species
	
	Fuels5, Range, Wildlife, Botany

	Stand density
	Trees or shrubs per acre
	Basal area (trees only)
	Dominant species (shrubs only)
	Wildlife, Silviculture, Biomass Utilization

	Stand or patch health6
	Dominant factor
	Percent of area affected or damage rating
	
	Wildlife, Silviculture

	Snags
	Snags per acre
	Snags per acre by size class
	Hard or soft predominant
	Wildlife, Silviculture, Biomass Utilization

	DIRECT TREATMENT EFFECTS

	Mortality of species or sizes of concern
	Percent dead
	
	
	Fuels, Wildlife, Silviculture7, Biomass Utilization7

	PM 10 and PM2.5 Emissions
	Tons/acre
	
	
	Fuels

	Soil heating
	Depth of heating (degrees F)
	
	
	Fuels, Soils

	Soils
	Percent compaction
	Percent displacement
	
	Fuels, Soils, Silviculture, Hydrology, Fisheries

	Residual stand
	Percent damaged
	Percent killed or lost
	
	Fuels, Wildlife, Silviculture, Biomass Utilization

	Mix of seral stages, fire frequency and severity
	Pre- and post-treatment condition class
	
	
	Fuels

	1 Standards 1 and 2 only

2 Standard 3

3 Vertical projection of tree crowns on a flat plane, not to exceed 100%

4 Percent of the plot with invasive species present instead of percent cover of the actual species

5 Non-native annual grasses only

6 “Patch” intended to apply to rangeland settings

7 Trees only


For those who are interested in the various methods available to measure vegetation, several monitoring guides have been placed in the Ecoshare Library under the Fire Ecology Implementation folder.  For the fuels program, the Prescribed Fire Report included as part of the burn plan under the interagency template can provide a method for collecting intensity level 2 information both pre- and post treatment for prescribed fires.  This report can be used for pile burns as well as broadcast burns by altering some of the elements.
FRCC Monitoring

For the purposes of this strategy, Fire Regime Condition Class (FRCC) or its successor should be used for monitoring at scale of watersheds and subwatersheds.  This procedure compares the mix of stand structures across a landscape with estimated historical averages for those seral stages.  It also allows a comparison of current estimated fire frequencies with historical estimates.  Its best use is to monitor the effects of projects and natural events on a variety of ecosystem attributes, including potential fire size and burn patterns, and can be readily scaled up and down.  The ratings or results can be assigned to both the individual strata within a landscape as well as the entire landscape.

Fire Regime Condition Class assessments should use hydrologic units (HUCs) to define the landscape boundaries.  Hydrologic units offer another advantage in that they are a common basis for other mid-level planning and assessments such as the watershed analyses conducted within the Northwest Forest Plan area and subbasin analyses conducted elsewhere in the geographic area.  Because FRCC is an ecological measure, it also offers an opportunity to integrate other resource concerns with the fuels program.

The data used to assess FRCC depends on the geographic scale assessed.  Most often, 5th field and larger hydrologic units will rely on remotely sensed data that are ground-truthed through sampling mechanisms such as Ecological Site Inventory (ESI) and Forest Inventory and Analysis (FIA) plots or data.  The Interagency Mapping and Assessment Project (IMAP) is the Forest Service Regional standard for existing vegetation mapping at the mid-scale.  IMAP uses 5th field HUCs as the standard reporting unit for a pixel-based existing vegetation layer derived from gradient nearest neighbor (GNN) modeling.  IMAP data and maps are available to all; coverage of non-forested areas is less detailed than for forested areas.
FSVeg Spatial is the polygon-based Forest Service standard for mapping at the local scale.  Recently agreement was reached that 6th field HUCs would be the standard reporting unit for this product. FSVeg Spatial is being implemented in a coordinated manner with IMAP.  For example, on Forests where existing vegetation mapping is lacking or inadequate, IMAP pixels are summarized and used to populate the local polygons.

At present, the BLM has not established a single vegetation mapping standard.  IMAP will provide vegetation maps across Oregon and Washington where forests are present, covering primarily the O&C lands in western Oregon and at least some scattered parcels of forest in eastern Oregon and Washington where FIA plots are available.  Various efforts to map vegetation in rangeland systems in connection with the Healthy Lands Initiative are underway, but these rely primarily on remotely sensed data.  Some BLM Districts may have created finer resolution vegetation maps as well.

LANDFIRE is a national interagency mapping effort designed to provide fuels and vegetation layers for broad scale use (see http://www.landfire.gov).  Although not ideal at finer scales, LANDFIRE layers can be used locally when no other data are available.  The LANDFIRE team has prepared an Operations and Maintenance strategy for LANDFIRE data and products.  Beginning with the Refresh effort, the planned approach is to provide spot updates every two years and a complete remapping every ten years.  Biennial updates will focus on major events such as wildfires, storms and insect and disease outbreaks whereas decadal updates will remap the entire landscape, accounting for land management activities, succession and effects due to factors such as climate change.  Procedures are under development by which local units will be able to upload information that complies with the LANDFIRE protocols and data standards.
In order to aid in quality control and quality assessment and to provide consistency across the Pacific Northwest in the Forest Service and BLM, a State Office-Regional Office fire ecology implementation team has been established with subgeographic area teams established in southwest Oregon, northwest Oregon, central Oregon, eastern Oregon, and eastern Washington.  These teams are interdisciplinary in membership and, for the most part, interagency.  The primary purposes of these teams are to 

1) Ensure consistent and efficient monitoring of fuels treatments using both extensive and intensive methods, as appropriate.

2) Provide trainings in FRCC, FFI, and other methods as needed.

3) Set standards for the sub-region in defining landscapes and maintaining histories of fire frequency and severity.

4) Model reference values for the potential vegetation (biophysical settings) of FRCC and provide other support to FRCC mapping/LANDFIRE.

5) Provide assistance to planning in developing an integrated program of fuels treatment planning.

6) Answer questions from the field on these topics, and ensure quality control of FRCC assessments and other monitoring.

7) In all the above, work closely with the regional fire ecology implementation team to ensure consistency.

Integrating Fuels Monitoring with Other Resource Monitoring
As much as possible, fuels monitoring should be integrated with other resource monitoring (indirect, or second order treatment effects).  This integration saves time and costs, and helps build common information and understanding between various specialties.  It can also surface important information that may not otherwise become known when monitoring is segregated by specialty.

One place to begin this integration is during project planning.  Interdisciplinary teams should discuss what monitoring is needed pertinent to the treatment objectives and specific treatment prescriptions.  The hazardous fuels program is responsible only for that portion of the monitoring that are direct effects of the hazardous fuels treatment.  These direct effects are listed in table 1.  All other effects are indirect effects that arise because of these direct effects.  This discussion should also cover funding, assistance in plot establishment and data collection, timelines and expectations, and the final product anticipated.  At least 10% of the individual treatment units should receive level 2 monitoring.  Whether any level 3 monitoring should occur may be more difficult to determine at this stage, particularly if the administrative unit is monitoring only at the minimum level required by this strategy.  Interdisciplinary teams working at the Ranger District or Field Office level will need to coordinate any proposed level 3 monitoring with the Forest Headquarters or District Office.  Nonetheless, we recommend that level 3 monitoring be discussed during project planning so that the hazardous fuels program can be prepared if that particular project is selected for level 3 monitoring.
At the scale of watersheds and subwatersheds, vegetation patterns have implications for wildlife, hydrologic function and cycling; threatened, endangered and sensitive (TES) plant and animal species, and a variety of other resource concerns, not just on fuels and fire behavior.  The FRCC process offers an excellent opportunity to view landscapes more holistically than has typically occurred in the past, offering both resource specialists and decision makers a method to examine larger-scale trade-offs in different mixes of seral structure stages and plant communities.

At the stand level, the minimum standards are designed to accommodate other resource needs.  For example, some wildlife, fisheries, or soils questions may be answered by breaking the greater than 3-inch diameter class of large woody fuels into particular size classes.  Other resource questions may be used to determine which items are sampled using quantitative methods and which are sampled using qualitative methods.
The appendices include alternative protocols or links to alternative protocols to meet other resource needs.  Check FFI protocols first to determine if no suitable protocol already exists within those already developed.  The Protocol Manager in FFI allows users to describe and develop additional sampling protocols beyond the standard protocols already contained in FFI as well as edit the existing protocols.  If the decision is made to use an alternative protocol, some modifications to that alternative may still be necessary.  For example, the sampling protocol for snags from the Birds and Burns website assumes the sampling is centered in a nest tree.  However, a fuels treatment plot likely would not be so except by random chance.  Regardless, the remainder of the sampling protocol would remain valid.  Sampling snags in a manner compatible with the Birds and Burns study allows combining of the new data with already existing data, strengthening the science concerning how cavity nesting birds respond to fire.
Implementation
Level 1 and level 2 monitoring should be relatively easy and inexpensive to complete and implement with existing personnel.  Level 3 monitoring will incur more costs.  Estimates obtained from the field indicates costs of $125-400 per plot, depending on a variety of factors and assuming 3 hours to establish and read a plot.  At the minimum level for Units with a program footprint of more than 1000 acres, this strategy will cost an estimated $1000-4000 in the first year and $2000-16,000 in subsequent years.  The minimum program for Units with a program footprint of 1000 acres or less are expected to cost $500-1600 in the first year and $1000-3200 in subsequent years.  The actual costs will vary depending on who actually conducts the monitoring, the level of botantical expertise required of the monitors, and the amount of data collected.  Costs may also fluctuate from year-to-year depending on the timing of pre- and post-treatment data collection in relation to the timing of treatment completion.
There are several approaches to conducting the level 3 monitoring.  At present, the most common approach is to use force account resources.  Other approaches include IDIQ contracts, multi-party or third party monitors, volunteers or some combination of all the approaches.  Use of multi-party or third party monitors is already encouraged by various elements of the National Fire Plan.

The fire ecology implementation team at State Office/Regional Office has established the core attributes and data standards.  Subgeographic fire ecology implementation teams may refine those core attributes with the assistance of local fuels and resource specialists.  As much as possible, fire-related monitoring should integrate with other resource monitoring to reduce overall costs, increase efficiency, and better tie first order effects to second order effects.  Individual projects are not required to monitor all core attributes on every project that is selected for quantitative monitoring.  They are required to monitor only those core attributes relevant to a particular project’s objectives.
In order to summarize quantitative monitoring results at the State Office/Regional Office level, we will develop a method for compiling the vegetation data collected through the FFI protocols and the soils data collected using other methods.  The State Office/Regional Office will assume responsibility for designing the database and collection methods so that units will not need to deal with IT security issues between the agencies at their level.  The intent is to develop a protocol that requires minimal effort at the field level to forward data.

The first year will be a pilot to allow us to adjust the protocols based on these results.  Data will be summarized on the subgeographic area basis to determine what changes, if any are needed.  We expect that any changes will be of the nature of fine-tuning rather than major.  While we expect that many of the data management particulars will be handled adequately by FFI, we will also develop additional direction as needed to cover data stewarding, including data storage, requirements for consistency and other specifics as need arises.
Updated by:

Louisa Evers – State/Regional Fire Ecologist

Appendix A:  Key for Monitoring Intensity Level 2 vs. Intensity Level 3
This key is similar to the sampling intensity key used in FFI.  Answer each criterion with a ‘yes’ or ‘no’.  If the intensity level 2 section has more ‘yes’ answers, that treatment unit is a good candidate for that level of monitoring.  If the intensity level 3 section has more ‘yes’ answers, that treatment unit may not be a good candidate for intensity level 2 monitoring.
Intensity Level 2
· Description is more important than comparison or evaluation

· Project is not controversial

· Expected project effects are typical for the type of treatment

· Treatment type is routine relative to the Unit or ecosystem

· Treatment regimen is simple (1-2 treatments in combination)

· Access into the treatment area is limited by time of year, travel method, or other factors

Intensity Level 3
· Comparison or evaluation is more important than description

· Project is controversial

· Expected project effects are at least somewhat uncertain

· Treatment type is new relative to the unit or ecosystem

· Treatment regimen is complex (3 or more treatments in combination)

· Access into the treatment area is more-or-less unlimited

Appendix B:  Implementation Protocols for the Quantitative Sampling

There are many valid sampling strategies and there are even more invalid ones!  The approach below is a balance between ease of implementation and credible results.  This appendix describes the objective for the sampling design and procedures for selecting projects and plots.

Objective
The basic objective is to estimate the average change in key attributes as the result of fuel treatments.  The administrative unit over a five year period is the smallest unit for which we want meaningful statistics.  Meaningful statistics are defined loosely as providing information that is of value to managers.  You can calculate meaningful statistics in a shorter time period by aggregating administrative units such as by zones or across the region.

Procedures
Project Selection:  Before you begin the season, you should have a list of all the proposed projects and the approximate acreage of each project.  If you have a large project that will be initiated over several years, include only those acres that you intend to treat this field season as a project.  In subsequent years, other portion of the large project will be monitored as individual projects.  The key is to label a treatment unit as belonging to the year in which the project began.  Also, if you mechanically treat units this year, pile next year and burn the third year, that project is associated with this year because it began this year.  Other portions of a large project that will be initiated in other years will be associated with the year treatment started. 

Divide the list into two, one list for projects that are greater than 750 acres and the other for the remaining projects.  Each list will be called a ‘stratum’ (plural ‘strata’).  It is OK to have unequal numbers in each stratum or even to have no projects in a stratum.  The threshold of 750 acres is based on past project information across the geographic area where approximately half of the acres treated were in projects larger than 750 and half less than 750.  This means a typical administrative unit will have more projects in the smaller stratum.  The stratification is simply a means of ensuring that larger projects will have a greater chance of being monitored than smaller projects since there are fewer of them.  Below are the steps to follow:

· Arrange the projects by stratum.
· Select one project at random from each stratum for a total of two projects.  If you have only one project in the stratum, then monitor it.
· If you have no projects in a stratum, then select two from the other stratum.
· If you only have one project in the entire administrative unit then you will monitor 100 percent of your projects.
· If you are ambitious and have the funds, you can randomly select additional projects but evenly divide them between the two strata.

[image: image1.png]£ Microsoft Excel - plot select

) gl £t Yew Imen Foms Toos Daa

DEHE|G|-[@ = - o

G5 - ~

A B © D
1

Treatment Cumulative

2 Unit Number Acres  Acres
3 1 5 5
4 2 100 105
5 3 40 145
6 4 400 545
7 5 200 745
8 6 45 790
9 7 25 815
10 8 75 890
11 9 125 1015




Plot Selection: At this point, you have identified which projects to monitor and you know the acres of each of your treatment units within the selected project.  The plot selection section can be accomplished after the project selection but must be done before any treatment activity on the ground!  The objective is to identify in which treatment units to install the monitoring plots.  The steps are easiest to accomplish within an Excel spreadsheet.  The steps are:

· Enter each treatment unit name/number along with the acres of that treatment unit.  

· Produce a column containing the cumulative acres of the treatment units.  The treatment unit order is immaterial. See the example to the left. The cumulative column is simply a ‘running total’ of the acres.  
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 Now use the RANDBETWEEN function within Excel.  This function is not part of Excel’s default suite of functions but it is easy to activate.  Once activated, you will never have to repeat these steps.

First click on the ‘tool’ button on the menu bar and select the ‘Add-Ins…’ on the drop-down menu

:
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 Once you click-on the ‘Add-Ins…’ selection you will see the following window.  Check the ‘Analysis ToolPak’ box and click ‘OK’.

Now you are ready to pick random numbers between 1 and the total project acres using the RANDBETWEEN function.  Create a plot number column and label each row between 1 and the number of plots that you will be installing.  There is no set rule as to the number of plots to install other than you should install at least 4 plots and not more than 10 plots per project with the larger number of plots installed in larger projects.  A suggested guideline is to install four plots in projects totaling 50 acres or less, and then add one plot for every 50 acres until you reach 10 plots (350 acres).  Projects totaling more than 350 acres will have 10 plots.

[image: image4.png]e

rosoft Exce

et

lot selection.xls

Vew Insert Format

ook Data

w

DEEdR SRY B - (& =-4

c2

- A =RANDBETWEEN(1 She

A

B ©

D

E

Plot Random
Nurnber  Number

a

Copy

paste

Paste Specia

® BL

Insert.
Deete.

Clear Contents
Insert Comment
Eormat Celb,
Pick From List

Hyperink.




In an adjacent column, type the Excel code =RANDBETWEEN(1,xx) where ‘xx’ is the total number of acres in the project.  Copy that cell so that you will have one entry for every plot number. You will notice that every time you make an entry anywhere within the spreadsheet, the random numbers will change.  Since we want to keep a record of the random number, this is not helpful.  There are two solutions; one involves controlling how Excel performs calculations and the second is to copy the random number column as a ‘value’.  The second option requires fewer key strokes and will not change the Excel’s default for automatic calculations so that method is illustrated below.
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 Highlight and use the copy function as usual.

Then place the cursor in the adjacent column and click on the right mouse button.  A menu will appear and choose the ‘Paste Special’ option.
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Click on the button ‘Values’ and then hit OK
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Now you will have a copy of the random numbers as a value.  Notice that the random number column has changed again but just ignore it.  

Now associate each number with the treatment unit that includes this number in the cumulative acre column.
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Notice that only four treatment units have plots and treatment unit #4 has most of them.  This method chooses where to place the plot proportional to the size of the treatment unit.  Treatment unit number 4 with 400 acres has four times the chance of being selected as treatment number 2, with 100 acres.  All treatments, however, have a chance of receiving a plot.  Notice that treatment unit 7 only has 25 acres but it also has a plot.

Now that you know in which treatment acres to install the plots, you need to select where in those treatment units they will be installed.  Conceptually, the location for the plot center is randomly located within the treatment unit.  There are a number of ways to do this; one is to use FFI GIS procedure that selects random UTM coordinates in the treatment.  A similar method is to bracket treatment unit with the largest and smallest Northing and Easting coordinates so that the entire treatment unit falls within the rectangle.  Since each UTM whole unit represents one meter, simply use Excel’s random number generator =RANDBETWEEN(small, large) where small is the smallest Northing value and large is the largest Northing value for your rectangle.  Do the same for the Easting.  Now check to see if the coordinate falls within the treatment unit.  If it does not, repeat the procedure until you have the necessary number of plots for that treatment unit.  In practice, you should create more coordinates that you need, then go down the list from the top down until you have found sufficient coordinates within the treatment unit.  Do not sort on the coordinates but plot them in the order that they were created.

Plot Installation: Since we want to measure the change in the attribute’s value due to the treatment, it is important that these plots be installed and that all the attributes are collected prior to treatment.  After the treatment is completed, these plots must be relocated and the attributes measured again.  There are numerous methods to monument permanent plots but a good method is to pound a section of rebar at the plot center in addition to obtaining a GPS reading.  The GPS reading will get you to the approximate area and a metal detector will locate the plot center.
Whenever possible, use FFI protocols and methods for installing plots and collecting data.  When FFI lacks a suitable protocol or method, the second choice is to use an already established protocol, such as those described in the Forest Service Range Handbook, on the Birds and Burns website, in the forthcoming soils disturbance field guide or one of the references listed in this direction.  In most cases, the protocols and methods listed in other sources for sampling vegetation are already included in FFI.
Appendix C:  Sampling References

FFI

Links to User Guides and other resources are located at:  http://frames.nbii.gov/portal/server.pt?open=512&objID=483&&PageID=2216&mode=2&in_hi_userid=2&cached=true
Photopoints

Lucy, W.P.; Barraclough, C.L.  2001.  A user guide to photopoint monitoring techniques for riparian areas: field test edition.  Kimberley, BC: Aqua-Tech Scientific Consulting Ltd.  90 p.

Hall, F.C.  2002.  Photo point monitoring handbook: part A – field procedures.  Gen. Tech. Rep. PNW-GTR-526.  Portland, OR: US Department of Agriculture, Forest Service, Pacific Northwest Research Station.  48 p.  2 parts.

van Willigen, G.; Grodecki, A.  2006.  Land manager’s monitoring guide: photopoint monitoring.  Queensland, AU: Department of Natural Resources and Water.  14 p.

Vegetation Sampling

Most of the vegetation methods included in the guides below are already included in FFI.  These guides may also be useful for designing monitoring plans in specific situations, such as in riparian areas or for post-wildfire monitoring.
Eliznga, C.I.; Salzer, D.W.; Willoughby, J.W.  1998.  Measuring and monitoring plant populations.  BLM Technical Reference 1730-1.  Denver, CO: U.S. Department of the Interior, Bureau of Land Management.  477 p.  Available at http://www.blm.gov/nstc/library/techref.htm.  Note: this interagency guide is the parent document for several other guides listed below.
Herrick, J.E.; Van Zee, J.W.; Havstad, K.M.; Burkett, L.M.; Whitford, W.G.  2005.  Monitoring manual for grassland, shrubland, and savanna ecosystems: volume I: quick start.  Las Cruces, NM: U.S. Department of Agriculture, Agricultural Research Service, Jornada Experimental Range.  36 p.  (includes soil monitoring methods)

Herrick, J.E.; Van Zee, J.W.; Havstad, K.M.; Burkett, L.M.; Whitford, W.G.  2005.  Monitoring manual for grassland, shrubland, and savanna ecosystems: volume II: design, supplementary methods, and intpretation.  Las Cruces, NM: U.S. Department of Agriculture, Agricultural Research Service, Jornada Experimental Range.  200 p.  (includes soil monitoring methods)

Winward, A.  2000.  Monitoring the vegetation resources in riparian areas.  Gen. Tech. Rep. RMRS-GTR-47.  Ogden, UT: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station.  49 p.

Wirth, T.A.; Pyke, D.A.  2006.  Monitoring post-fire vegetation rehabilitation projects: current approaches, techniques, and recommendations for a common monitoring strategy in non-forested ecosystems.  Scientific Investigations Report 2006-5048.  Reston, VA: U.S. Department of the Interior, United States Geological Survey.  33 p.  Available at http://www.usgs.gov/pubprod.  (Note: some of the information in this document likely has equal applicability for forested ecosystems.)
U.S. Army.  2006.  RTLA technical reference manual: ecological monitoring on military lands.  Aberdeen Proving Grounds, MD: Department of the Defense, United States Army.  386 p.
U.S. Fish and Wildlife Service.  1999.  Fuel and fire effects monitoring guide.  Miller, M., ed.  674 p.

National Park Service.  2003.  Fire monitoring handbook.  Boise, ID: U.S. Department of the Interior, National Park Service, Fire Management Program Center.  274 p.

Birds and Burns Website:  http://www.rmrs.nau.edu/wildlife/birdsnburns/info_partic.shtml
Appendix D: Examples of Appropriate FFI Protocols for Different Treatment Objectives

Treatment Objective – Reduce the number of western junipers by 80%

Tree Data Protocol

Treatment Objective – Reduce the cover of antelope bitterbrush by 50%

Line Intercept Protocol

Treatment Objective – Increase the amount of open or bare ground by 30%

Point Intercept Protocol

Treatment Objective – Limit the cover or frequency of cheatgrass to less than 10%

Cover Frequency Protocol

Treatment Objective – Reduce the fine fuel loading by at least 90% and the coarse fuel loading by no more than 50%

Fine Woody Debris and Coarse Woody Debris Protocols

Note – although these examples use percentages, actual numbers could also be used.  You can also phrase objectives in terms of what is to be left instead of what is to be removed.
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