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ABSTRACT


Nearly a century of fire prevention and exclusion in the eastern United States has resulted in dense mixed-oak forests that are incapable of sustaining themselves and a lack of basic fuels and fire behavior knowledge/information for this forest type.  There is growing interest in using more prescribed fire to sustain mixed-oak forests but managers desiring to do so are hampered by this fuels/fire behavior knowledge gap.  This dearth of basic information also impacts wildfire control efforts, especially in the expanding urban/wildland interface.  The primary objectives of this study are to evaluate the appropriateness of the existing hardwood fuel models to these fuel conditions through a series of computer simulations and intensely monitored prescribed fires and develop a photo series for the common fuel conditions of mixed-oak forests.  By doing so, some of the fuels/fire behavior knowledge gap will be filled, making prescribed fire planning/implementation and wildfire control more effective and safer. 

INTRODUCTION


Fire has a long history of occurrence in the mixed-oak forests of the Mid-Atlantic region (Lorimer 1985, Abrams 1992, Delcourt and Delcourt 1998, Shumway and others 2001, Brose and others 2001).  Native Americans used fire throughout much of the eastern USA for many reasons (Day 1953, Pyne 1982, Denevan 1992) and European settlers readily adopted these burning practices as they displaced the indigenous peoples (Waldrop and Van Lear 1989).  Generally, this fire regime was one of occasional to frequent low-intensity surface fires.  Oaks thrived in this fire regime because of basic silvical differences such as germination and root development strategies between them and most of their competitors (Brose and Van Lear 1998).  Fire occurrence peaked in the early 1900’s and, in conjunction with unregulated logging, led to catastrophic wildfires that, in turn, led to fire prevention and control policies (Pyne 1982, Waldrop and Van Lear 1989, Brose and others 2001).  

Because of the catastrophic wildfires of the early 1900’s, fire use and fire research in oaks was essentially nonexistent during most of the 20th century.  Simard (1982) reviewed the wildfire literature existing at the time and found little of it pertained to mixed-oak forests.  What did exist at that time generally addressed stem wounding, 

fungal infection, and value loss following a wildfire, and how to assess that damage for salvage purposes.  Since then, fire research in this forest type has increased due to the growing evidence of a relationship between oak and anthropogenic burning practices (Day 1953, Denevan 1992, Delcourt and Delcourt 1998) and the chronic difficulty of regenerating mixed-oak forests (Lorimer 1985, Lorimer 1993).  However, most of this research has centered on fire effects and fire ecology, especially the response of oak reproduction and competing vegetation.    

While research in fire ecology has increased over the past 20 years in mixed-oak forests (Yaussy 2000), research on fuel conditions and fire behavior for the same forest type has been virtually nonexistent.  Anderson (1982) developed 13 standard fuel models for fire planning and control purposes but just three of these were applicable for the mixed-oak forests - models 8 and 9 depict compacted and loose leaf litter, respectively, and model 6 characterizes hardwood slash.  Grabner and others (1997) attempted to validate the accuracy of fuel model 9 and the grass fuel models (1, 2, and 3) for predicting fire behavior in Midwestern oak savannas.  They found fuel model 2 was accurate for predicting rate-of-spread but none correctly estimated flame length.  Brose and Van Lear (in press) evaluated fuel models 6, 8, and 9 for predicting fire behavior in oak-dominated shelterwood stands and found all the models to be poor estimators.  To date, no other fuels/fire research has been reported in eastern mixed-oak forests.  

Although wildfire is not nearly as frequent and widespread in the Mid-Atlantic region as it was a century ago, fire is not extinct.  According to summary wildfire statistics available on the Internet for the state forestry divisions comprising the Mid-Atlantic Forest Fire Compact (DE, MD, NJ, OH, PA, WV, and VA), about 14,000 wildfires occur annually.  This is becoming more of a public safety concern than it was due to the ever-expanding urban/wildland interface, especially in rugged, remote areas.  Natural resource managers involved in wildfire control would benefit from more detailed descriptions of fuel conditions and the type of fire behavior they will likely produce during common weather conditions. 

Foresters wishing to use prescribed fire to sustain mixed-oak forests can now use SILVAH to identify appropriate times in stand development for prescribed burning (Brose and others, in prep.).  This new version centers on integrating the oak regeneration process (seedling establishment, root development, and release from competition) with the stand development model of Oliver and Larson (1990).  In this model, fire is appropriate in the stand reinitiation stage to prepare a seedbed for oak seedling establishment and reduce midstory shade.  Fuel models 8 and 9 are descriptive of fuels in such a condition but the presence of ericaceous shrubs will change fire behavior and these shrubs are not represented in any fuel model.  SILVAH will also recommend fire during the stand initiation phase to release oak reproduction from faster-growing fire-sensitive woody vegetation.  This will entail burning between shelterwood harvests or after final overstory removal.  In either case, hardwood slash will be present and while fuel model 6 can be used to represent that fuel type, it does not recognize loading differences as fuel models 11, 12, and 13 do for conifer slash, nor account for aging of the slash or season of burn.  Knowing how fires will behave in the instances when SILVAH recommends a prescribed burn is key to safe successful prescribed burns.  

OBJECTIVES

1.)  Evaluate the appropriateness of existing hardwood fuel models for these fuel

conditions through a series of computer simulations and intensely monitored

prescribed fires.

2.)  Develop a photo series illustrating common fuel conditions found in the mixed-oak

      forests of the Mid-Atlantic Region.

3.)  Assess response of oak regeneration to the prescribed fires.

MATERIALS & METHODS

This research is part of a region-wide fuels and fire behavior study being conducted from Connecticut to West Virginia.  It will be conducted from 2003 to 2006 on federal, state, and private lands in mixed-oak forests that are already earmarked for a prescribed fire.  Such stands will contain two fuel types – those that are well matched with fuel models 8 and 9 (dominated by compact and loose leaf litter, respectively) and those that do not appear to fit them.  These unrepresentative fuel types are classified as:

1.)  small (< 2-ft tall) ericaceous shrubs

2.)  medium (2- to 4-ft tall) ericaceous shrubs
3.)  large (> 4-ft tall) ericaceous shrubs
4.)  sweet fern (Comptonia peregrina) communities
5.)  recent (< 2-yr-old) woody fuel accumulations due to gypsy moth defoliation or partial harvesting
6.)  old (> 2-yr-old) woody fuel accumulations due to gypsy moth defoliation or partial harvesting
7.)  recent (< 2-yr-old) slash accumulations following complete canopy removal
8.)  old (>2-yr-old) slash accumulations following complete canopy removal.
Objective 1

Stands slated to be burned will be examined for areas within them that match the ten fuel types.  When such areas are located, up to 5 plots, measuring 30 feet on a side, will be established to monitor fire behavior (Figure 1).  Each plot will be inventoried for fuel cover, height, and loading by type and size class using standard sampling transects (Brown and others 1982).  Five litter samples (1-ft2 quadrats) will need to be collected from each fire behavior plot, removed from the site, and destructively sampled to determine litter fuel loading.  The resulting fuels data will then be used in the NEWMDL subroutine of BEHAVE to construct a custom fuel model for each stand and fuel type (Burgan and Rothermel 1984).  The custom fuel models will be compared to the standard hardwood fuel models through a series of computer simulations (Brose and Wade 2002) using the SITE module of BEHAVE (Andrews 1986, Andrews and Chase 1989).  Appropriate weather conditions for the simulations will be obtained from local land management and NOAA sources and the weather data will be representative of typical fire season conditions.

After the fuels are inventoried, the study stands will be prescribe-burned and fire behavior intensely monitored within each 30-ft plot (Figure 1) to verify the outputs from the simulations.  Flame length will be measured in each plot by marking all trees from the ground to a height of 8 feet with paint bands at 1-foot intervals and filming and/or photographing the passing fire (Rothermel and Deeming 1980). Rate-of-spread and residence time will be measured using five dataloggers/thermocouplers arranged in an “X” configuration.  Recent experience with these dataloggers and thermocouplers on the Fire/Fire Surrogate Study in southern Ohio indicate that they will record the time and temperature of the passing flame front, thus providing rate-of-spread and residence time and the “X” arrangement will allow for triangulation to account for direction of spread (Simard and others 1984).  In the event of the inability to measure fire behavior in the 30-ft plots in person due to safety concerns and/or poor visibility, flame length and rate-of-spread will also be monitored elsewhere in the burn units as conditions permit by fire observers using marked trees, cameras, and stopwatches as a backup to ensure adequate data collection.  All burns will be conducted in a manner compliant with law and safety regulations.  Firing patterns will be such as to maximize the opportunities to gather fire behavior data accurately and safely. 

Objective 2

The eight fuel categories will be divided into two groups: shrub-dominated and slash-dominated.  In each group, 20 to 30 photo series plots will be established to depict the broad array of fuel conditions found in it (Figure 2).  Layout and fuels inventory in each photo-series plot will follow established design and data collection procedures (Maxwell and Ward 1980; Sanders 1987).  Photo series plots will be inventoried for fuels and photographed twice from a fixed location before the fires (dormant and growing season) and then re-inventoried and re-photographed twice after the prescribed fires.  The photo series plots will also be photographed during the prescribed burning operations, if conditions allow.  If this is not possible, comparable fuelbeds will be photographed as a substitute.  The pre-burn, post-burn, and fire behavior photographs along with the fuels 

Figure 1.  Diagram (not to scale) and description of the fire behavior monitoring plots.  Circles represent the 6-ft radius regeneration sampling plots and the black dots signify location of the dataloggers and thermocouplers.  Dashed lines are the fuel transects.  Small squares are the litter collection plots.
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Figure 2.  Layout (not drawn to scale) of a fire behavior plot (A) positioned within a photo series plot (B).  The black dot represents the fixed photo point.






data and weather conditions will be made into a photo series illustrating these fuel types, using those by Sanders and Van Lear (1988), Wade and others (1993), and Scholl and
Waldrop (1999) as examples.  Such guides have proven invaluable for training fire personnel to quickly assess hazardous fuel conditions and quantify fuel loadings for safety training and fire planning purposes.  They also help link the abstract concepts of the BEHAVE program with familiar visual cues.  

Objective 3

Because this research is linked to restoring an ecological function of utmost importance, the oak regeneration process, the response of the hardwood reproduction will be closely monitored using established methods (Marquis and others 1992).  In each fire behavior plot, five 6-ft radius plots will be co-located with the dataloggers and permanently marked.  All hardwood regeneration in these plots will be tallied by species and height before the prescribed fires and biennially afterwards for at least four years.

 STATISTICAL ANALYSIS


A variety of statistical procedures will be used to analyze the data gathered from this study.  Analysis of variance with appropriate transformations will be used to compare fuel characteristics among and within treatments.  Fire behavior outputs from the custom fuel models and the estimates derived from BEHAVE for the standard fuel models will be contrasted using Chi-square analysis.  Linear regression will be used to compare observed fire behavior to the BEHAVE-generated predictions.  Fire intensity will be classified into discrete groups based on observed fire behavior, fuel consumption, and temperature using 

discrimant function analysis (Waldrop and Brose 1999).  This classification of fire intensity will then be used as a covariate in analyzing the survival and growth responses of the oak and other hardwood regeneration to the fires.

TIME SCHEDULE OF ACTIVITIES

Spring 2003 – Select study sites and stands.  Collect fuels data in the stands to be

burned at that time.  Photograph plots.  Conduct and monitor

prescribed fires in a few of the stands.

Summer 2003 – Regeneration inventories of stands not yet burned.

Fall 2003 – Fuels inventories of stands to be burned the following spring.

Spring 2004 – Photograph plots.  Conduct and monitor more prescribed fires.

Summer 2004 – Reinventory hardwood regeneration in stands burned in 2002.

Fall 2004 – Fuels inventories of stands to be burned the following spring.

Spring 2005 – Photograph plots.  Conduct and monitor more prescribed fires.

Summer 2005 – Reinventory hardwood regeneration in stands burned in 2003.

Fall 2005 – Fuels inventories of stands to be burned the following spring.

Spring 2006 – Photograph plots.  Conduct and monitor the final prescribed fires.

Summer 2006 – Reinventory regeneration in stands burned in 2002 and 2004.

Beyond 2006 – Reinventory hardwood regeneration on a biennial basis, depending



 on when the prescribed fires occurred.

BUDGET


A total of nearly $295,000 has been obtained from the Joint Fire Science Program to fund this study over the next two years so no funding is directly sought.  Most of the funding is being used to support replicates of the study described in this plan in Connecticut and West Virginia.  Monies earmarked for the Pennsylvania/New Jersey replicate will be used to hire seasonal workers, purchase equipment and supplies and cover travel expenses.  The Delaware Water Gap NRA is asked to provide “in-kind” support consisting of conducting the prescribed burns.    

DELIVERABLES and TECHNOLOGY TRANSFER

1) Two photo series illustrating the common shrub and slash fuel types of mixed-oak forests published as a Forest Service general technical report.

2) Conference and peer-reviewed publications reporting the findings of the computer-simulated comparisons between (a) the custom fuel models and the standard hardwood models, (b) between measured fire behavior and BEHAVE-generated predictions, and (c) response of oak regeneration and competing vegetation to the fires, especially the influence of fire intensity.  These would be several years in coming but eventually 12 to 15 papers are highly likely.

3) Annual report delivered in December summarizing study implementation, annual measurements, and technology transfer activities.

4) Presentations of results at a wide variety of professional and general audiences.  
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