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Introduction 
The following fuels and fire ecology report discusses the current and desired future conditions for the Polepatch planning area with respect to fuels and fire ecology.  We analyze the conditions necessary to re-introduce the traditional cultural practice of prescribed fire as a management tool and the effects of the proposed action on fuel characteristics, air quality, and fire ecology.
Project Description 
The Polepatch Huckleberry Restoration project proposes treatment of 774? acres of forest land to maintain and enhance the production of native huckleberries (Vaccinium spp.) on the Cowlitz Valley Ranger District.  Such action would benefit local Native Americans, recreational berry pickers, local communities, and wildlife, plant communities, and other natural resources associated with these berry fields.  The action would commercially thin overstory conifers to permit more light to reach the existing huckleberry shrubs, thus increasing berry production, and remove competing understory vegetation, which would allow an increase in shrub cover.
The project area is located in the Mosquito Meadows and Polepatch areas of the Cowlitz Valley Ranger District. The project planning area is approximately 14 air miles south of Randle, Washington, within the Lower Cispus watershed, specifically the upper reaches of the Yellowjacket, Greenhorn, and Iron Creek drainages of the Cispus River.

Action is needed to reverse the current decline in huckleberry cover and fruit production.  These declines are attributed to increased shading from tree ingrowth and competition with other understory species.
Treatment of the proposed 574? acres would utilize a combination of ground based and/or skyline logging systems, followed by prescribed fire, where feasible.  Approximately 140 additional acres are not accessible to commercial logging equipment and would be pre-treated by hand-falling small trees to add slash to the unit before treating with prescribed fire.  
Proposed units are natural, fire-regenerated stands ranging from 80 to 90 years old.  Stands are between 3,750 and 4,850 feet in elevation and are predominantly comprised of Pacific silver fir (Abies amabilis), western hemlock (Tsuga heterophylla), Douglas-fir (Pseudotsuga menziesii), and western red cedar (Thuja plicata) with minor amounts of western white pine (Pinus monticola), Alaska yellow cedar (Callitropsis nootkatensis), noble fir (Abies procera), and mountain hemlock (Tsuga mertensiana).  

Project implementation would begin in the summer of 2013.  The project area is currently accessible and no permanent or temporary road construction is proposed.  Specific actions associated with this project include construction of landings, commercial thinning of conifers using ground based and skyline equipment, thinning and pruning to enhance undergrowth, prescribed burning of surface and canopy fuels, and prescribed burning of slash.
The project is expected to meet Forest-wide standards and guidelines and the Management Area direction for land allocations within the planning area.
Overview of Issues Addressed 
This report addresses the historic, current, and desired future conditions of Polepatch planning area with respect to fire ecology, fuel characteristics, and air quality.  Fire ecology analyses discuss average fire return intervals and anthropogenic use of fire as a traditional cultural practice by the Cowlitz Tribe.  Quantitative fuels analyses include potential fire behavior and canopy characteristics pre-harvest, post-harvest, and post-prescribed fire, where applicable.  Potential fire behavior characteristics analyzed include rate of spread, flame length, and fireline intensity.  These fire behavior characteristics are derived from quantitative and qualitative measurements of ground, surface, and canopy fuels.  Canopy cover and percent mortality are analyzed in stands where the use of prescribed fire is proposed.  We discuss the effects of timing on prescribed fire feasibility and public and firefighter safety.  Air quality analyses address concentrations of greenhouse gases emitted by burning of activity fuels and potential effects on global climate change.
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[bookmark: _Toc290550375]The Polepatch Huckleberry Enhancement EA is tiered to the 1990 Final Environmental Impact Statement for the Gifford Pinchot National Forest Land and Resource Management Plan. 

Management direction on the Gifford Pinchot National Forest comes from the Gifford Pinchot National Forest Land and Resource Management Plan (LRMP, 1990), as amended by the Record of Decision for Amendments to Forest Service and Bureau of Land Management Planning Documents Within the Range of the Northern Spotted Owl (NWFP, 1994).  These two documents guide planning on the forest by land allocation, have stated desired future conditions and contain standards and guidelines that must be adhered to.  Land allocations that occur in the project area are explained in detail below.  Where land allocations overlap between the LRMP and the NWFP, the more restrictive standards and guidelines apply, unless otherwise noted. 

Stands proposed for treatment are located within lands allocated as either Roaded Recreation (approximately 90% of the project area) or Timber Production (approximately 10% of the project area) according to the LRMP and as Administratively Withdrawn Areas (AWAs) and Matrix according to the NWFP.  A description of the objectives and restrictions for these allocations are described below. 
    
The project is expected to meet Forest-wide standards and guidelines and Management Area direction for LRMP allocations and to meet the objectives and intent of the NWFP.  All applicable standards and guidelines have been evaluated for consistency.   

Gifford Pinchot Forest Plan Land Allocations:

Roaded Recreation:  The goal of the Roaded Recreation management area category is to provide a variety of dispersed recreational opportunities in areas conveniently reached by auto.  The desired future condition in areas where timber harvest is permitted includes some evidence of management activities; however, such evidence should not be conspicuous and vegetation should remain largely natural in appearance along major travel ways.  Natural appearance of vegetation may range from natural openings through stands of mature and old-growth timber.  Much of the area provides for interaction with a near-natural environment.  

Fire suppression guidelines indicate that a containment strategy should be used during periods of low fire hazard, and a control strategy should be used during periods of high fire hazard.    

Timber Production:  The goal of the Timber Production management area category is to optimize timber production, the utilization of wood fiber, and other commodities in a manner which assures the future productivity of the land.  The desired condition for this allocation is that evidence of land managed intensively for timber production is apparent and all tree sizes and mixtures of native species from seedlings to mature sawtimber are well distributed. 

Fire suppression guidelines in the LRMP dictate that all wildfires in stands less than sawlog size be controlled.  Fires in sawlog size stands should be contained or controlled.  These guidelines indicate that initial attack efforts have intended to contain or control all fires in Timber Production lands, at least since the LRMP was written (1990), and fire has not been allowed to place its natural role in the disturbance regime.  Over time this lack of fire could lead to fuel accumulations, but current fuel loadings are not likely to be outside of the natural range of variability.

Northwest Forest Plan Land Allocations:

Administratively Withdrawn Areas: Administratively Withdrawn Areas include recreation and visual areas, backcountry, and other areas where management emphasis precludes scheduled timber harvest and which are not included in calculations of allowable sale quantity (ASQ).  Standards and guidelines common to all land allocations apply to Administratively Withdrawn Areas.  The most restrictive standards and guidelines apply when multiple management guidelines exist for a common area.  Standards and guidelines for key watersheds apply where the watershed overlays the Administratively Withdrawn Area.

No fire and fuels management guidelines exist specific to Administratively Withdrawn Areas.     

Matrix:  Matrix consists of those federal lands outside the six categories of designated areas from the NWFP (Congressionally Reserved Areas, Late-Successional Reserves, Adaptive Management Areas, Managed Late-Successional Areas, Administratively Withdrawn Areas, and Riparian Reserves).  Most timber harvest and other silvicultural activities would be conducted in the portion of the matrix with suitable forest lands, according to standards and guidelines (NWFP, C-39).

Fire suppression guidelines are determined by LRMP land management allocations (NWFP, C-48).  Fire and fuels management activities on matrix lands in the wildland-urban interface (WUI) should be coordinated with state and local governments and landowners.  Hazard reduction may take management priority on WUI lands and near values at risk.  No WUI-designated lands exist in the planning area.  

Other Management Direction and Landscape Analyses:

Watershed Analyses: Recommendations from the Lower Cispus watershed analysis will be incorporated into the project design.  

Minimum Roads Analysis:  The Gifford Pinchot National Forest is currently undergoing a forest-wide analysis of current forest roads and associated use.  The goal of the analysis is to identify the most important roads for accessibility and roads that are not cost effective to maintain.  The result would be a road system that the forest can maintain to designated standards with the funds allocated.

Considerations for the minimum roads analysis are not incorporated into this project.  Thus, although the proposed action for the Polepatch restoration does not identify any roads for closing, the minimum roads analysis might make different determinations.  

Clean Air Act and National Ambient Air Quality Standards (NAAQS):  Ambient air quality is defined by the Clean Air Act of 1963 as the air quality anywhere people have access, outside of industrial site boundaries.  Ambient air quality standards are designed to protect human health, welfare, and environmental quality.  Air resource management includes any activity to anticipate, regulate, or monitor air pollution, air pollutant emissions, ambient air quality, or the effects of air pollution resulting from fires or fire management.  The Clean Air Act requires the Environmental Protection Agency (EPA) to set National Ambient Air Quality Standards (NAAQS) and thresholds for criteria pollutants to control pollution and protect public health, safety, and welfare (Table 1).  Furthermore, the Clean Air Act establishes state-level responsibilities for preventing and controlling air pollution.  Emissions from forest burning in Washington are regulated by the Washington Clean Air Act (RCW 70.94, 1991) and the Department of Natural Resources Smoke Management Plan (1998).   
  
	Table 1. NAAQS for PM10, PM2.5, and CO

	Pollutant
	Averaging Time
	NAAQS Violation Determination
	Washington State Exceedance Level*

	PM2.5
	Annual
	3-year average of the annual arithmetic mean.
	12 µg m-3

	PM2.5
	24-hour
	98th percentile of the 24-hour values determined for each year.  3-year average of the 98th percentile values.
	35 µg m-3

	PM10
	24-hour
	Expected number of days per calendar year with a 24-hour average concentration above 150 µg m-3 is ≤1 over a 3-year period.
	150 µg m-3

	CO
	1-hour
	Not to be exceeded more than once in a year.
	35 ppm


*Washington state standards reflect national EPA standards.

Sensitive Airsheds:  The Clean Air Act identifies three classes of airsheds (I-III).  Increases in sulfur dioxide and particulate matter concentrations are highly restricted in Class I airsheds (FSM 5280).  Wilderness areas that were designated prior to 1977 and exceed 5,000 acres in size are classified as Class I airsheds.  Wilderness areas designated after 1977, research areas, and reserves are typically Class II airsheds.  Sensitive airsheds that may be affected by prescribed burning in Polepatch Huckleberry Enhancement are listed in Table 2.  No non-attainment areas exist in the vicinity of the Polepatch Huckleberry Enhancement planning area.

	Table 2. Sensitive Airsheds

	Sensitive Area
	Sensitivity Classification
	Distance and Direction from Project Area*

	Mount St. Helens National Volcanic Monument
	Class II
	4 miles West


*Approximate distance from nearest stand in project area; direction from entire project area.
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Vegetation Condition
Proposed units are natural, fire-regenerated stands ranging from 80 to 90 years old.  Stands are classified into Pacific silver fir plant groups (Brockway et al., 1983), which are found in high elevation (3000-4300 ft.), moist forests west of the Cascade Crest with cold winter conditions and deep snow packs.  Pacific silver fir/big huckleberry/queencup beadlily (ABAM/VAME/CLUN) plant association is most abundant in the planning area and is characterized by stands of Pacific silver fir, western hemlock, Douglas-fir, and noble fir with an understory of big huckleberry (Vaccinium membranaceum), queencup beadlily (lintonia uniflora), and other herbs.  ABAM/VAME/CLUN is found in cool environments on sites tending to north aspects, positioned on benches to upper slopes.  Pacific silver fir/fool’s huckleberry (Menziesia ferruginea) (ABAM/MEFE) and Pacific silver fir/Alaska huckleberry (Vaccinium alaskense) (ABAM/VAAL) plant associations are also present.  ABAM/MEFE occupies similar sites to ABAM/VAME/CLUN and is characterized by a tall, dense, diverse shrub layer of fool’s huckleberry, various huckleberry species and other shrub species and a diverse herb layer dominated by dogwood bunchberry (Cornus canadensis) and queencup beadlily.  Pacific silver fir and western hemlock dominate both the overstory and understory with Douglas-fir present in the overstory to a lesser degree.  ABAM/VAAL occupies mesic sites with relatively moderate environmental conditions.  Pacific silver fir and western hemlock dominate the canopy with lesser amounts of Douglas-fir.  Pacific silver fir dominates the understory.  The prominent shrub layer is made up of several huckleberry species and lacks salal (Gaultheria shallon).  The herbaceous layer is highly variable is species composition and cover.  

Polepatch planning area includes open stands with poor soil quality and shallow soil depths, and with large trees and advanced regeneration occurring in clumps.  Other stands are in the stem exclusion phase of forest succession with little to no regeneration or shrub and herb understory.  Finally, some stands or portions of stands exhibit late-seral characteristics with a predominantly closed canopy, scattered large trees, and regeneration and shrub concentrations occurring in canopy gaps.  Scattered evidence of white pine blister rust exists and contributed to the snag component by affecting Western white pine.  Sign from elk, deer, and other wildlife is present throughout the planning area and particularly abundant in some of the more open stands.  Refer to the silviculture report for a full stand by stand description of current vegetation conditions. 

Fuel Conditions

Current fuel loads vary among the units, but are sparse overall.  Stands typically lack dead, down fine fuels, have minimal coarse woody debris, and vary with respect to duff depth and coverage.  Stands affected by white pine blister rust and/or pockets of root rot might have high fuel loadings, including larger numbers of standing snags and more coarse woody debris.  

Deep, heavy snowpacks rapidly compact surface fuels, while warm summer conditions allow for rapid decay of fine, woody fuels.  Rapid compaction and rate of decay effectively limit the receptiveness of the fuelbed to ignition except under rare conditions.  Abundant shrubs provide a heat sink under average conditions, reducing the rate of fire spread in the event of an ignition.  Climatic conditions further limit the receptiveness of fuelbeds to fire throughout most of the year.  Most fires that occur are either very small (<10 acres) or very large (>1000 acres) (Evers et al., 1996; Agee, 1993), and the highest levels of fire danger generally occur mid-September through October (Evers et al., 1996).  Wildfire hazard in this area is low to moderate depending on the weather in any given year, the amount and extent of canopy gaps, and localized fuel conditions.  Dry east wind events and prolonged drought (3+ years) can increase fire hazard.  These dry conditions result in an increased probability of large fire spread and occur approximately every 30 years (Evers et al., 1996).      

Exclusion of lightning-caused fires has probably not affected current fuel conditions and expected fire behavior at broad scales, nor do natural fuel accumulations present much wildfire hazard under average conditions.  Exclusion of Native American burning practices might have caused a relative increase in fuel loads and a decrease in coarse woody debris.  

Fire Ecology

Stands classified into Pacific silver fir plant groups typically experience little wildfire risk and long fire return intervals.  Dominant tree species in this plant group are thin-barked and not well-adapted to fire, with the exception of Douglas-fir.

Evers et al. (1996) describe the plant association groups present as belonging in fire groups 6—cool, moist lower subalpine, and 8—warm, moist western hemlock and Pacific silver fir.  Fire group 6 occurs at a mix of high and mid-elevations west of the Cascade crest.  Fire group 6 is common to several locations on the Gifford Pinchot National Forest including the Dark Divide roadless area and along Juniper Ridge and McCoy Peak, which extend north from the Dark Divide, near Polepatch.  Sites generally occur on gentle slopes and appear at lower elevations in frost pockets or cold air drainages.  Soils are generally rocky compared to other soils in the Pacific silver fir and western hemlock zones.  Although fire history data is generally scarce, ecology plot data suggests a fire return interval of 170-430 years.  

Fire group 8 occurs across a wide range of topographic positions and experiences a variety of moisture and temperature regimes.  Like fire group 6, fine fuels tend to be lacking and decay rapidly.  However, fuel loadings can build quickly when the overstory is affected by insects and disease.  Conditions are drier in canopy gaps and are more likely to support fire.  Deeper duff and heavier large fuel loadings than fire group 6 may occur, but moisture levels are typically high and wildfire hazard is similar—low to moderate depending on weather conditions and the number of canopy gaps.  Ecology plot data suggests a fire return interval of 170-300 years.  Yamaguchi (1986) found extremely variable fire return intervals (90-730 years) in an area sampled north of Mount St. Helens with no discernible mode.

Stand-replacing fires are the most common type of disturbance in fire groups 6 and 8.  These stand replacing fires occur during droughts, when conditions are favorable to large fire spread and/or strong winds carry fire from adjacent stands.  

Large areas of huckleberries serve as a food source for black bears (Ursus americana) and big game summer range.  Moist conditions and north-facing aspects make fire an unlikely tool for wildlife management and slash burning can be difficult except under a narrow range of environmental conditions.

Fire History

Natural (lightning-caused) and anthropogenic fire have been a part of the fire ecology of the Polepatch planning area at varying frequencies throughout history.  Plant community analysis and written and oral records indicate natural fires tend to be low in frequency but can be high in severity and extent.  Native people used fire in various ways to improve game habitat, facilitate travel, reduce insect pests, remove cover for potential enemies, enhance conditions for berries, and drive game, among other purposes (Zyback, 1993).  American Indian bands of the Columbia Plateau maintained huckleberry fields near the Cascade crest with periodic, repeated burning (French, 1999; Mack, 2001).  Fires were likely caused by both escaped campfires as well as intentional burning.  Several ethnographic studies offer more evidence regarding Native American burning as a traditional cultural practice, specifically with regards to the creation and maintenance of huckleberry fields (e.g. Burke, 1979; Zyback, 1993; French, 1999; Mack, 2001).    

The ceding of Indian lands and National Forest Service policy prohibited traditional burning practices beginning in the early 1900s (Fisher, 1997).  Lack of fire and other disturbances have led to the encroachment by conifers into open huckleberry fields.  Increased canopy cover shades huckleberries and reduces productivity (Minore et al., 1979).  See “Vaccinium ecology” below for more information on the relationship between huckleberries and fire.  During early project planning members of the Cowlitz tribe, with families who have returned to the Polepatch area for generations, noted the encroachment of timber in the huckleberry fields and decline of berry quality and quantity (personal communications). 
Notable historic fires in the area include:
· Big Fire (early 1800’s)- approximately 1,500 square miles in a triangular area between Chehalis, Mount St. Helens, and Mt. Rainier
· Strawberry Mountain Fire (September 1886)- 2,000 acres 
· Tumwater Mountain Fire (September 1886)- 3,000 acres
· Cispus Fire (September 2, 1902)- approximately 72,000 acres in the Upper and Lower Cispus watersheds including Camp Creek, Yellowjacket, McCoy, and Ferrous Creek drainages in the Lower Cispus watershed.
· Unnamed Pinto Rock fire (1916 or 1917)- approximately 2,000 acres
· Greenhorn Fire (June 12, 1918)- re-burn of much of the 1902 Cispus Fire.
Vaccinium membranacuem Ecology

Vaccinium membranaceum, big huckleberry, is the most important commercial huckleberry species in the Pacific Northwest.  Big huckleberry is a native, rhizomatous, frost-tolerant shrub (Brockway et al., 1983) that is well-represented in mesic subalpine communities of the Pacific Northwest as an understory associate of Pacific silver fir and mountain hemlock.  Big huckleberry is often codominant in the understory with common competitor, beargrass (Xerophyllum tenax) (Simonin, 2000).  Lodgepole pine regeneration and mountain ash (Sorbus sitchensis) also commonly compete with big huckleberry (Minore, 1972).

Big huckleberry plants are present throughout stand succession, but plants are generally most productive in recently disturbed sites (Martin, 1979).  Soil pH seems to be a significant factor affecting shrub cover (Minore and Dubrasich, 1978).  Large fields dominated by huckleberry shrubs are seral communities that, in the absence of disturbance, likely see a gradual decrease in huckleberry dominance as trees encroach and shading increases (Minore, 1972).     
Presence of huckleberry shrubs does not indicate the presence of fruit.  Martin (1979)  found that fruit production was not related to the percent cover or height of globe huckleberry (Vaccinium globulare) plants in Montana.  Lack of correlation between height and fruit production suggests that vegetative growth and fruit production respond to different environment influences.  Similar relationships are likely found in big huckleberry, but the morphology and growth behaviors of big huckleberry can differ from globe huckleberry and other Montana species so comparisons should be made with caution (Minore et al., 1979).  Martin (1983) found that huckleberry shrub height is positively correlated with canopy density.  Shaded environments that limited fruit production and reduced cover in old forest stands did not eliminate huckleberry shrubs, and shrubs continued to grow taller as crowns closed. 
Time since disturbance, environmental site factors, and meteorological influences determine fruiting productivity in huckleberry shrubs.  A few years after establishment they produce a maximum amount of berries; then, production gradually declines as other shrubs and trees dominate the site (Hall, 1964).  Stands on mesic, northern or eastern aspects with light tree canopies that were burned by wildfire 25-60 years ago or clearcut and broadcast-burned 8-15 years ago were the most productive sites; whereas, timber stands not disturbed in the previous 60 years were among the least-productive sites samples (Martin, 1979).  Exceptions occurred and huckleberry production was low when wildfires burned on very steep slopes at high elevation, on xeric aspects, and with high intensity (Martin, 1979).  Hunn and Norton (1984) found fruit yields were correlated with elevation, slope, and distance east or west of the Cascade crest.
Annual fruit production is influenced more by weather than by environmental site factors (Minore and Dubrasich, 1978).  Factors that affect fruit production include snow pack duration (Minore, 1972; Minore and Bubrasich, 1978), snow depth (Minore and Dubrasich, 1978; Martin, 1979), drought (Stark and Baker, 1992), and cold or wet weather during critical phases of pollination and fruit development (Shaffer, 1971).  Sites protected from frost have more consistent fruit production (Minore and Smart, 1978).  Huckleberry flowers develop in early spring when adequate moisture is provided by snow melt and precipitation.  Lingering snow packs on mesic aspects could delay flower formation and protect bushes from fatal frosts that occur in open areas on xeric aspects (Minore and Smart, 1975).  The strong influence of weather on fruit production suggests that no conclusions about specific site productivity can be drawn based on samples from one or two years.  Repeated measurements over longer time scales are necessary to determine site productivity and trends.  
Fire is the most common disturbance that creates the seral conditions in which big huckleberry dominates.  Some small huckleberry fields have developed following timber harvest, but timber harvest impacts forest succession differently than fire.  Without fire or other large-scale disturbance, invading trees and brush gradually crowd out huckleberries.  Old shrubs (75 years or older) may produce less fruit and fruit of lower quality than younger shrubs; therefore, disturbance may benefit huckleberry fruit production by destroying old stems and rejuvenating shrubs (Martin, 1979).  Seedlings and clonal shoots begin flowering and fruiting three (Minore et al., 1979) to five (Barney, 1999) years after establishment.  Fire intensity affects huckleberry shrub recovery time, because heat penetration into soil layers where rhizomes occur affects the shrub’s ability to produce post-fire, vegetative sprouts (Miller, 1977).  Moderate to severe fires on coarse textured soil or in areas with a thin organic layer can kill underground rhizomes and result in heavy mortality (Coates and Haeussler, 1986).
Desired Future Condition

The desired future condition of the Gifford Pinchot National Forest is a healthy, diverse, and resilient landscape that can adapt to future disturbances with minimal negative effects to ecosystems.  This desired future condition prioritizes the restoration and maintenance of ecosystem resilience throughout the Lower Cispus Watershed.  The proposed action for Polepatch specifically intends to restore huckleberry-dominated ecosystems for wildlife and traditional cultural uses through thinning and prescribed fire and to set up the landscape for long-term management of these huckleberry-dominated ecosystems.

Selective tree removal via thinning can foster stand development, which allows optimal individual tree growth and management of the understory for huckleberries, secondary tree layers, or special habitats.  Thinning with the treatment of logging slash can reduce potential wildfire behavior along major travel corridors. 

For more discussion on desired future condition, see the Management Direction section which summarizes the desired condition of the Gifford Pinchot according to the LRMP and the Lower Cispus Watershed Analysis.

Summary of Existing Conditions

Proposed units in the Polepatch Huckleberry Restoration project area are natural, fire-regenerated stands ranging from 80 to 90 years old.  Stands are classified into Pacific silver fir plant groups, which are found in high elevation (3000-4300 ft.), moist forests west of the Cascade crest with cold winter conditions and deep snow packs.  Proposed units include open stands with poor soil quality and shallow soil depths, and with large trees and advanced regeneration occurring in clumps.  Other stands are in the stem exclusion phase of forest succession with little to no regeneration or shrub and herb understory.  Finally, some stands or portions of stands exhibit late-seral characteristics with a predominantly closed canopy, scattered large trees, and regeneration and shrub concentrations occurring in canopy gaps.  Sign from elk, deer, and other wildlife is present throughout the planning area and particularly abundant in some of the more open stands.  

Current fuel loads vary among units, but are sparse overall.  Stands typically lack dead, down fine fuels, have minimal coarse woody debris, and vary with respect to duff depth and coverage.  Plant groups present typically experience little wildfire risk and long fire return intervals.  
Ceding of Indian lands and changes in forest policy halted Native American practices of burning in huckleberry fields to maintain open, early-seral characteristics and huckleberry productivity.  This loss of fire use as a maintenance tool has led to conifer encroachment and a reduction in the extent and productivity of traditional berry-picking grounds, including Polepatch.  

Fuel Loadings and Fire Behavior

The Fuel Characteristic Classification System (FCCS) (Ottmar et al., 2007) was used to model current fuel and fire behavior characteristics and the effects of the proposed action on those characteristics.  FCCS provides a set of 216 predefined fuelbeds covering a variety of forests and compiled from published and unpublished literature, fuels photo series, fuels datasets, and expert opinion (Ottmar et al., 2007).  Field data and observations were used along with the Photo series for quantifying natural forest residues in common vegetation types of the Pacific Northwest (Maxwell and Ward, 1980) to modify FCCS fuelbeds to represent pre- and post- mechanical treatment and post- prescribed fire stand conditions in the planning area.  

FCCS captures the structural complexity of fuelbeds by compiling and analyzing the data from six fuel strata: canopy, shrub, nonwoody, litter, dead and down woody, and ground fuel (e.g., humus or duff).  FCCS converts the quantitative descriptions of fuel characteristics to estimates of potential surface fire behavior.  Surface fire behavior predictions are based on a modification of the Rothermel (1972) fire spread model, which calculates the potential spread rate of a quasi-steady state head fire (a fire moving upslope with the wind) through homogeneous surface fuels under uniform conditions with respect to fuel loading and arrangement, fuel moisture, wind, and slope.  The spread rate calculations describe fire behavior in the flaming front of the fire, which is influenced primarily by fine fuels.  Sandberg et al. (2007b) reformulated the Rothermel model to allow input of multiple fuelbed strata into the surface fire behavior model.  Potential fire behavior outputs were generated based on the default fuel moisture scenario D2L2C3 and midflame wind speed of 4 mph.  Based on local knowledge, the D2L2C3 fuel moisture scenario (1 hr=6%, 10 hr=7%, 100 hr=8%, 1000 hr=12%, nonwoody=60%, shrub=90%, crown=90%, duff=60%) corresponds to dry conditions under which fuels ignite readily and prescribed fire would be successful at meeting project objectives.  Slope was assumed constant at 0%.  
	
FCCS calculates reaction intensity (RI), rate of spread (ROS), and flame length (FL) based on Sandberg et al.’s (2007b) reformulation of the Rothermel fire spread model.  The RI (BTU ft-2) is derived from the reactive volume of fuels per unit of ground surface, surface fuel depth, heat of combustion (Sandberg et al. 2007a).  The ROS (ft min-1) is a function of the RI, propagating energy flux, and radiant heat sink (Sandberg et al. 2007a).  The FL (ft) is derived from the product of RI, ROS, and flame residence time (Byram, 1959; Albini, 1976; Sandberg et al., 2007a).  

Potential fire behavior and emissions may be misrepresented where fuel cover is not continuous, because FCCS assumes continuity of the fuelbed components used to calculate fire behavior characteristics (Riccardi et al., 2007).  Site specific field observations are needed periodically throughout the mechanical treatment phase to verify whether sufficient continuous fuels exist to propagate fire spread.  Fuel conditions are expected to change over time as new vegetation develops and activity fuels compress and decompose.  Further analyses are required to predict future fire behavior characteristics as fuel loads change over time.   

Modeled constant wind speeds and fuel moisture scenarios do not account for differences in surface wind speeds, fuel moistures, and potential fire behavior related to canopy density.  Dense forest canopies shade fuels more than open canopies, which results in higher relative humidities, lower temperatures, and higher surface fuel moistures under dense canopies (Andrews, 1986).  Dense forest canopies may retard surface winds that dry fuels more than open canopies (Agee, 2002), which contributes to higher fuel moistures under dense canopies (Weatherspoon, 1996).  Higher surface fuel moistures under dense canopies may reduce the probability of ignition in these forest stands (Graham et al., 2004).  Additional factors, such as slope (Chandler et al., 1991), influence potential fire behavior; however, the FCCS default setting assumes no slope (0%) for surface fire behavior predictions.  

Current Conditions

Current conditions are represented by FCCS default fuelbed 238, which is modeled from Pacific silver fir and mountain hemlock forests occurring on cool, moist sites at high elevations in montane and subalpine forests along the western slopes of the Cascade crest.  These forests often have dense understories of false azalea, huckleberry, beargrass, and sedge species.  Changes to the default fuelbed were made to reflect specific local conditions based on field data, observations, and photo series (Maxwell and Ward, 1980).  Average tree heights and height to crown were reduced for all stories.  Midstory density was increased to 60 trees per acre and understory decreased to 200 trees per acre with an average DBH of 3 inches.  Changes to species composition reflect the presence of Douglas-fir, western hemlock, and western white pine in addition to Pacific silver fir.  Woody fuel loading was increased slightly but remains light and rotten wood and duff loadings were decreased.  

Stand characteristics vary throughout the Polepatch planning area.  Pockets of dense sapling and pole-sized trees are contrasted by large meadow openings with stringers of trees.  The fuelbed that represents current conditions, described above, is intended to be a best average representation of the stands proposed for prescribed burning.  General conclusions can be drawn about other stands in the analysis area by adapting modeled treatment effects.

Post-Harvest Conditions

Expected near-term post-treatment conditions (1-5 years following treatment) are represented by changes made to the current condition FCCS fuelbed (see above) based on the treatment prescription.  The thinned version of this fuelbed reduces total canopy cover to 15-30% with the majority of the removal in the mid-story.  Shrub cover is expected to increase by 3-5 years after harvest as more light is able to penetrate the canopy.  Increases in fuel loading are attributed to harvest residue.  Forest residue photo series by Maxwell and Ward (1976) and Ottmar et al. (1990) were used to estimate fuel loadings. Post-treatment fuels remaining on site will vary, but fuel accumulations are expected to compress and decompose quickly, aided by moist conditions and heavy winter snowpacks.  Treatment specifications will minimize fuel accumulations along any major travel routes.   

Prescribed Fire Pre-treatment Conditions

Studies by Minore et al. (1979) on the Gifford Pinchot and Mt. Hood National Forests found that huckleberry fields were unreceptive to burning by drip torch without cured slash added to the site.  Preliminary evidence from a 2011 prescribed burn corroborates Minore et. al’s findings.  The 2011 prescribed burn took place in the Sawtooth Berry Fields on the Gifford Pinchot National Forest.  Fire effects monitoring noted the mosaic burn pattern of the 70 acre unit.  Consumption occurred where red slash was present on the site, but fire did not travel into adjacent huckleberry and beargrass plants.   Therefore, prescribed fire site preparation for Polepatch will specify at least 8 tons/acre of downed fuels less than 3 inches in diameter be on site in areas that will be burned.  Desired fuel loadings will be achieved by cutting understory trees, limbing overstory trees, and allowing slash to cure on site.  Changes to the current conditions fuelbed include a reduction in understory canopy cover and an increase in dead, down woody fuels.  Some overstory and midstory trees may be harvested and removed from the site where access allows.
 
Post-Prescribed Fire Conditions

Expected post-prescribed fire conditions are represented by changes made to the fuelbed created for prescribed fire pre-treatment conditions (see above).  The fire-treated version of this fuelbed reduces total canopy cover to 28% as indicated by the results of FOFEM analyses (see below for information on FOFEM analyses).  Shrub and herb covers are expected to decrease by 25-100%, with the greatest consumption where slash is present.  Fuel loading is expected to decrease in all size classes with 75-100% consumption of fuels under 3 inches diameter.  Post-treatment fuels remaining on site will vary depending on fuel continuity and environmental conditions at the time of burning, but residual fuel accumulations are expected to compress and decompose quickly, aided by heavy winter snowpacks and generally moist conditions.  

Fire Effects
FOFEM (First Order Fire Effects Model) version 6.0 (Keane et al., 2012) is a computer program for predicting tree mortality, fuel consumption, smoke production, and soil heating caused by prescribed fire or wildfire.  First order fire effects are the immediate consequences of fire and form an important basis for the prediction of secondary effects such as tree regeneration, plant succession, and changes in site productivity.  FOFEM is intended to directly assess fire impacts and severity and to plan prescribed fires that accomplish resource needs.  
Analyses in this report highlight the effects of fire on tree mortality.  Tree mortality outputs in FOFEM include tree mortality by species and size class, and pre- and post-fire canopy cover.  Predicted changes in canopy cover and percent mortality from prescribed burning in Polepatch are found in Table 3.  Species present, except Douglas-fir, are relatively fire intolerant; therefore, even low flame lengths and scorch heights result in a moderate-high amount of mortality, particularly in small diameter trees. 
FOFEM is a point model which means that it predicts fuel consumption and smoke emissions for a point on the landscape/stand (about 1-5 m2).  The extrapolation of that point measurement upwards in scale is at the discretion of the user.  Fuel and moisture conditions across a stand and landscape are notoriously variable so one point estimate for large areas can introduce bias into the predictions.  
Fuel Consumption and Emissions

Fuel consumption and emissions were calculated using Consume 3.0 (Ottmar et al., 2005) and results will be incorporated into an approved burn plan before any slash treatment occurs.   
Consume imports data from the FCCS fuelbeds created and outputs fuel consumption, pollutant emissions, and heat release.  Consume makes calculations based on fuel loadings, fuel moisture and other environmental factors.  Consume includes separate equations to calculate consumption of activity, natural, and piled fuels.  Emissions outputs from a fire that burns through each of the treatment condition scenarios are found in Table 3.  Emissions associated with the burning of  “Rx pre-treat” are those expected from prescribed burning operations in the proposed action. 

Emissions will be regulated through compliance with the Washington Department of Natural Resources Smoke Management Plan, which meets the requirements of the Washington Clean Air Act (RCW 70.94), Forest Protection Laws (RCW 76.04), and the United States Clear Air Act (42 USC §7401 et seq.).  Activities that include prescribed fire will follow guidelines in the Best Smoke Management Practices publication issued by the USDA Forest Service and USDA Natural Resources Conservation Service (O’Neill et al., 2011) to minimize the impacts of prescribed fire smoke.  Guidelines include evaluating smoke dispersion, monitoring the effects of smoke on air quality, communicating with the public, considering emissions reduction techniques, and sharing the airshed by coordinating prescribed fire activities with adjacent landowners.  Alternative methods of activity slash disposal that will be considered include biomass utilization.  Desired burning conditions will be specified in the prescribed fire burn plan.  All piles to be burned will be covered to minimize fuel moisture content in the piles, which facilitates quick ignition and a shorter burnout phase. 
Environmental (and/or Social) Consequences 
Alternative 1 – No Action
Direct Effects/ Indirect Effects
There are no direct effects of choosing the no action alternative.  Immediate stand conditions are unchanged. (See Current Conditions in Table 3.)
In the no action alternative, conifer species continue to grow and shade huckleberry plants, which reduces huckleberry cover and productivity (Minore et al., 1979).  Increased canopy continuity supports crown fire potential, but only under extreme fire weather conditions.
Cumulative Effects 
Future restoration efforts will prove more difficult if no action is taken to enhance huckleberries while the plants are still a major component of the understory vegetation.
Summary of Effects 
In the no action alternative, conifer ingrowth continues as a result of forest policy, fire suppression activities, and natural succession processes.  Over time, restoration opportunities for huckleberry enhancement and the re-introduction of traditional cultural practices will become increasingly complex.
[bookmark: _Toc290550377]Alternative 2 – Proposed Action
Action is proposed to reverse the current decline in huckleberry cover and fruit production.  These declines are attributed to increased shading from tree ingrowth and competition with other shrub species.  Proposed treatments include commercial thinning, pre-commercial thinning, pruning, and prescribed burning.  
Direct Effects/ Indirect Effects 
Effects of the proposed action include an increase in surface fuel loading immediately post- mechanical treatment, where slash is allowed to remain on site.  Increased surface fuel loading results in increased potential surface fire behavior immediately following treatment (Table 3).  Fire hazard associated with increased fire behavior potentials is expected to be of short duration due to heavy winter snowpacks and associated compaction and fuel decomposition.  Potential surface fire behavior generally decreases in stands and portions of stands that are piled and burned or broadcast burned compared to both existing conditions and post treatment conditions with no slash disposal.  Table 3 lists the potential fire behavior for stands if wildfire were to burn through under the following conditions: current, immediately after harvest, after pre-treatment for prescribed fire, and after prescribed fire.  Stand conditions best reflect the area proposed for prescribed burning, but general conclusions can be drawn for the larger Polepatch area.  See the methodology section above for specific stand conditions and analysis procedures.  
	Table 3. Expected fire behavior and fire effects under current conditions and conditions following the proposed action alternative.

	
	Flame Length
(ft)
	Rate of Spread
(ft/min)
	Reaction Intensity
(BTU/ft2/min)
	Pre-fire Canopy Cover %
	Residual 
Canopy Cover %
	% Mortality
	PM2.5
(tons/acre)
	PM10
(tons/acre)

	Current condition
	1.9
	3.3
	1445
	50
	29
	49
	0.18
	0.18

	Post-harvest, no Rx
	4.3
	10.0
	2171
	30
	18
	58
	0.45
	0.49

	Rx pre-treat
	3.3
	8.6
	1556
	40
	28
	50
	0.27
	0.29

	Post-Rx
	1.2
	2.1
	937
	28
	23
	44
	0.17
	0.18


The table summarizes the results of FCCS, FOFEM, and Consume analyses for variables of concern by different stand conditions.  Expected fire behavior and fire effects refer to a theoretical wildfire that occurs in the treatment area under dry (late summer) environmental conditions.  Fire behavior potentials increase following harvest without slash disposal and as a result of pretreatment site preparation for prescribed burning.  The lowest fire behavior potentials exist after prescribed burning.  Post-treatment canopy covers range from 10-40%.  Potential emissions are highest following harvest without slash disposal but will decrease over time.  
Metrics of crown fire behavior are difficult to quantify, but the proposed action is expected to reduce the potential for crown fire initiation and spread.  Crown fire cannot be considered independently of surface fire (Van Wagner, 1977; Alexander, 1988), but predictions can be made about the likelihood of crown fire based on canopy fuel characteristics.  A decrease in the quantity and horizontal continuity of canopy fuels can prevent crown fire spread (Raymond and Peterson, 2005).  Mixed severity and high severity fire effects are the ecological norm in the vegetation types represented; therefore, a reduction in potential crown fire behavior is not an ecological objective.  However, reduced crown fire potential is desirable to increase public safety and protect values at risk in this high use area, particularly during berry harvest season.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Tree mortality from prescribed burning is expected and desirable to meet project objectives in the stands designated for restoration by prescribed fire.  Predicted fire behavior and fire effects from prescribed fire treatment are represented in the “Rx pre-treat” row of Table 3.  Additional effects of prescribed burning include minor threats to wildlife, temporary limitation to public access, and an output of greenhouse gases including carbon monoxide, nitrous oxides, volatile organic matter, and particulate matter with aerodynamic diameter less than 2.5 and less than ten microns (PM2.5 and PM10).  Level of emissions is related to the intensity and duration of the fire, which is determined by fuel and weather conditions at the time of burning.  Emissions from prescribed burning can be detrimental to firefighter and public health and contribute to greenhouse gas concentrations in the atmosphere.  Indirect effects of individual or multiple projects on global climate change are difficult to quantify; therefore, the significance of project effects on global climate change cannot be determined at any scale.  Mortality of huckleberry rhizomes and site sterilization can result from intense and prolonged soil heating; however, long heat residence times from prescribed fire are not expected based on prescription parameters.  Desirable environmental burning conditions will be identified in an approved prescribed fire burn plan.  
Reduction in canopy cover to less than 30 percent has been shown to increase huckleberry productivity (Minore et al., 1979; Martin, 1983).  Application of prescribed fire prunes plants, which may increase fruiting by stimulating the grown of more productive young shoots (Hall, 1984; Martin, 1979).  Use of prescribed fire also recognizes and reintroduces a traditional cultural practice for huckleberry field maintenance.  

Increases in huckleberry production are not expected to be immediate.  Thinning without prescribed fire may increase berry production on existing plants as soon as the following growing season if plants were not injured during harvest.  Fire intensity and duration will influence the time associated with huckleberry response where prescribed burning is used in restoration efforts.  New shoots may emerge the following growing season but are not expected to bear fruit for at least three years (Minore et. al, 1979).  Furthermore, huckleberry cover will likely take at least seven years to reach pre-treatment levels (Minore, 1984; Coates and Haeussler, 1986; Bradley et al., 1992). 
Cumulative Effects
Large-scale disturbance by wildfire or insects and disease in conjunction with this project is not expected but could result in large amounts of early seral stand structure.  This change in seral stage distribution could affect ecosystem function in the Lower Cispus watershed.  Prescribed burning that occurs may coincide with burning on other federal, private, and state lands.  The Washington Department of Ecology regulates all silvicultural burning through a permitting and daily approval process.  Therefore, emissions from this project will be limited by state and federal policy for the entire geographic area.  
Summary of Effects 
Effects of the proposed action include an increase in surface fuel loading immediately post- mechanical treatment, where slash is allowed to remain on site.  Increased surface fuel loading results in increased potential surface fire behavior immediately following treatment.  Fire hazard associated with increased fire behavior potentials is expected to be of short duration due to heavy winter snowpacks and associated compaction and fuel decomposition.  Potential surface fire behavior is expected to decrease in stands and portions of stands that are piled and burned or broadcast burned compared to both existing conditions and post treatment conditions with no slash disposal.  The proposed action is expected to reduce the potential for crown fire initiation and spread, which may be desirable to increase public safety and protect values at risk in this high use area, particularly during berry harvest season.

Tree mortality from prescribed burning is expected and desirable to meet project objectives.  Additional effects of prescribed burning include minor threats to wildlife, temporary limitation to public access, and an output of greenhouse gases including carbon monoxide, nitrous oxides, volatile organic matter, and particulate matter with aerodynamic diameter less than 2.5 and less than ten microns (PM2.5 and PM10).  

The proposed action is expected to increase huckleberry cover over time where canopy cover is reduced to less than 30 percent.  Increases in huckleberry production are not expected to be immediate.  Thinning without prescribed fire may increase berry production on existing plants as soon as the following growing season if plants were not injured during harvest.  Fire intensity and duration will influence the time associated with huckleberry response where prescribed burning is used in restoration efforts.  New shoots may emerge the following growing season but are not expected to bear fruit for at least three years (Minore et. al, 1979).  Huckleberry cover will likely take at least seven years to reach pre-treatment levels (Minore, 1984; Coates and Haeussler, 1986; Bradley et al., 1992).  Use of prescribe fire recognizes and reintroduces a traditional cultural practice for huckleberry field maintenance.

Mitigation
· Activity fuel concentrations will be limited along major travel routes.
· An approved burn plan that addresses smoke emissions and other hazards to firefighter and public safety will accompany any prescribed fire activities.

Monitoring Recommendations
· Fire effects monitoring during prescribed fire activities is recommended.  Requirements will be specified in the prescribed fire burn plan.
· Pre- and post- prescribed fire fuel loadings and canopy cover data collection is recommended.
· Huckleberry cover and productivity monitoring with and without mechanical and prescribed fire treatments is recommended.
· Future monitoring opportunities with respect to social and environmental consequences will be determined based on project effects.

Compliance with Forest Plan and Other Relevant Laws, Regulations, Policies and Plans
[bookmark: _Toc78873022][bookmark: _Toc78873305][bookmark: _Toc290550378]The proposed action complies with standards and guidelines listed in the Gifford Pinchot National Forest LRMP, NWFP Record of Decision, United States Clean Air Act, Washington Clean Air Act, and Washington Department of Natural Resources Smoke Management Plan.
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Jessica Hudec
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