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Problem:  The development of forest stands over an extended period of fire suppression and grazing has resulted in changes in the condition of forest structure, which can influence fire behavior.  Increasingly dense and connected crown fuels are capable of sustaining crown fires at a broad-scale.  This is problematic, as Grand Canyon National Park fire management policy is to restore the natural process of fire disturbance, to manage wildland fire, and to provide protection of life, property, and resources.  There was a need for a better understanding of the effect of changed canopy conditions on potential for crown fire.  This information would assist fire and forest managers with decision making, given the variety of forest and climatic conditions under which fires can occur.

Approach:  This study modeled changes in canopy fuel condition and crown fire potential over a 160-year period in northern Arizona, across a 500-meter elevation gradient representing multiple fuel types and fire regimes.  Maps of overstory vegetation were prepared using ecosystem monitoring data to calibrate image classification for interpretation of Landsat 7 Thematic Enhanced Thematic Mapper satellite imagery.  Sixty-two species classes and four canopy cover classes were mapped.  Forest change was simulated using the Forest Vegetation Simulator (FVS).  The initial reference condition was reconstructed at circa 1880 using a combination of fire history maps, fire scar analysis, remote sensing, and tree age and forest structure measurements.  Then simulations were run at 10-year intervals through 2040.  Nexus Fire Behavior and Hazard Assessment System was used to model fire behavior under extreme weather conditions, and the project focused on crown fire behavior measured by the crowning index (CI).      
Project Findings:  Simulations run under this study for the year 2000 were within 20% of the actual field data collected from 1998-2002 for tree density and basal area.  Canopy biomass increased at all study sites between 1880 and 2040, but the most dramatic increases in canopy biomass and bulk density were predicted to occur at high-elevation sites.  Sites at intermediate elevation had the highest canopy biomass under the 1880 reference period, but increased by the smallest proportion during the progression.  The proportion of species other than ponderosa pine increased over time in the intermediate- and high-elevation sites, while ponderosa pine remained the predominant species throughout the progression at low-elevation sites.  Canopy bulk density values paralleled canopy biomass, but with variation due to plot-to-plot differences.  Very high wind speeds were required to drive a crown fire given 1880 reference condition; however; that was not the case after 160 years of forest development.  The predicted wind speed needed to drive a crown fire dropped by 23 to 86% by 2040, dependent on growing site conditions (elevation).  At least one third of the landscape was predicted to be susceptible to crown fire at a wind speed of 45 km/hr (28 mi/hr) in 2000, compared to 6% under the estimated 1880 reference condition.  

Deliverables and Technology Transfer:  All data, software, and reports are available through the JFSP.  Samples (cross-sections, cores, and specimens) are to be archived at GCNP and the Deaver Herbarium at NAU.  Four publications have arisen from this study along with seven continuing education sessions, contributions to academic courses, and other publications and numerous presentations and field trips as listed in the final report.      
Project & Technology Transfer Implementation:  Results from this study are most applicable on the Kaibab Plateau, but will also extend to mountain gradients across the southwest that share similar climatic and fire regimes.  Results from this study may also share common trends and patterns with more distant landscapes.  Mid-elevation mixed conifer forests present the greatest management challenge, with relatively high historical and contemporary canopy density and variable fire regimes dominated by frequent surface fires but with patches of stand-replacement fire as well.  Managers could utilize fires (both natural and prescribed) to maintain or restore a frequent surface regime, especially at low to moderate elevations.  The study suggests that even if burns result in substantial reductions in canopy biomass (up to 40-50%), the resulting conditions could still be within the historical range if the older trees tend to survive.  There is a greater threat of larger stand-replacing crown fires in the current landscape; however, managers should consider the ecological role of high-elevation crown fires when considering options for fuels management and fire suppression.  At the same time, large-scale stand-replacing fires in low- to mid-elevation dry forests is a novel contemporary disturbance pattern, as may be the current magnitude of higher-elevation high fire susceptibility.  This situation may lend support to a more aggressive approach to reducing landscape fuels and interrupting fuel continuity balanced with management of some high-elevation fires as natural disturbance processes operating within a natural range of variability.  
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