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ABSTRACT

The development of more sophisticated fire behavior and effects models has demonstrated the need for a comprehensive system of fuel classification that more accurately captures the structural complexity and geographic diversity of fuelbeds.  The Fire and Environmental Research Applications team (FERA) of the Pacific Northwest Research Station, USDA Forest Service, is currently developing a National System of Fuel Characteristic Classification.  The system is designed to accommodate users operating at a variety of scales, and having access to a variety of kinds of input data.  Users can generate fuel characteristics by accessing existing fuelbed descriptions (fuelbed prototypes) using generic information like cover type or vegetation form.  Fuelbed prototypes provide the best available predictions of the kind, quality and abundance of fuels.  The user can accept these default settings or modify some or all of them using more detailed information about vegetation structure and fuel biomass.  When the user has completed editing the fuelbed data the FCC system calculates quantitative fuel characteristics (physical, chemical, and structural properties) and probable fire parameters specific to the fuelbed in question.  The FCC system includes a set of 192 stylized fuel characteristic classes and each user-described fuelbed will be assigned a fuel characteristic class.

Introduction

Fuel classification has focused primarily on the rate of spread, resistance to control, and the flame length of fires in surface fuels.  This focus has ably met the need for fire suppression planning and hazard assessment.  Thirteen stylized fuel models (Rothermel 1972, Albini 1976) provide reasonable and accurate estimates of fire behavior commonly seen in surface fires.  

These stylized fire behavior models have limitations.  They cannot be used to predict extreme fire behavior, to model fire behavior and effects related to the residence time and persistence of fires, or to predict the total heat release (biomass consumption) from fires.  The development of more sophisticated fire behavior and effects models has demonstrated the need for a comprehensive system of fuel classification that more accurately captures the structural complexity and geographic diversity of fuelbeds.  The existing stylized fuel models are an abstraction of actual fuelbed properties found in nature and are not well suited to inferring physical fuelbed properties characteristic of vegetation cover, remote-sensing signatures, or modeled ecosystem dynamics.  Vegetation and wildlife ecologists, air quality managers, carbon balance modelers, and fire managers and researchers increasingly require more detailed 

information about the quality and quantity of vegetation and vegetative residues in terrestrial ecosystems, for landscape assessments and other applications. 

The Fire and Environmental Research Applications team (FERA) of the Pacific Northwest Research Station, USDA Forest Service, is currently developing a National System of Fuel Characteristic Classification (FCC) with funding from the Joint Fire Science Program.

The criteria for system design were:

1. The system must be applicable throughout the United States

2. The system must accommodate a wide range of potential users, operating at different scales and having access to different kinds and qualities of data.

The FCC system must perform for users who want to map fuels on a national scale and for users who need fuel characteristics for specific landscape units.  The system must also perform for users who have very limited, generic information, such as cover type or vegetation form, and for users with very detailed information about vegetation structure and fuel biomass.

The general design of the FCC system (Figure 1) allows users to access existing fuelbed descriptions (fuelbed prototypes) and modify the existing descriptions to create custom fuelbeds.  
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Figure 1.
The user can access fuel characteristics with very limited information (e.g. cover type) but improve the precision by providing more detailed information about the kinds of fuel present (fuelbed strata and categories) and their qualitative (physiognomy) and quantitative (gradient variables) features.

The user can select a fuelbed prototype using cover type or other vegetation classification information.  The selected prototype provides the best available predictions of the kinds of fuel (fuelbed strata and categories) and their quality (physiognomy) and relative abundance (gradient variables).  The user can accept these default settings or modify some or all of them using site-specific knowledge.  When the user has completed editing the qualitative and quantitative fuelbed data the FCC system calculates quantitative fuel characteristics (physical, chemical, and structural properties) and probable fire parameters specific to the fuelbed in question.  Each user-described fuelbed is also assigned to one of 192 stylized fuel characteristic classes.

A General Fuelbed Model

Fuelbeds are complex in structure, and diverse in their physical attributes and the biological origin of their components.  A comprehensive system of fuels characterization requires a fuelbed model that captures this diversity.  The model presented here stratifies fuelbeds into combustion environments and within each combustion environment we stratify fuel categories of different biological origin.  Fuelbed strata (Figure 2) are defined as horizontal layers within a fuelbed that represent unique combustion environments.  The use of fuelbed strata facilitates the creation of spatial data layers and allows the user to include, combine or exclude as much detail as needed to suit an application.

Each fuelbed strata has one or more fuelbed categories (Table 1).  The low vegetation stratum, for example, includes a grass and sedge category and a forb category.  There are six fuelbed strata and sixteen fuelbed categories in total.

Each fuelbed category is described by physiognomic and gradient variables.  Physiognomic variables capture qualitative features of the category, including morphological, chemical and physical features.  The grass and sedge category includes physiognomic variables for leaf blade thickness (which is used to infer surface area/volume ratio) and growth habit (which is used to infer the distribution of fuel).  Where physiognomic criteria are based on vegetation features the system includes species lists that provide the physiognomic information.  The user is asked to provide a species name or the physiognomic information.


Gradient variables characterize the relative abundance of fuel.  The grass and sedge category includes the gradient variables percent cover, height, and percent live (of total biomass).  With these estimates of fuel character (physiognomic variables) and abundance (gradient variables) the system calculates total fuel loading, fuel surface area and other parameters required as inputs by fire models.

	Table 1. Fuelbed strata and categories, and their physiognomic and gradient variables.

	Fuelbed Strata
	Fuelbed Categories
	Physiognomic Variables
	Gradient Variables

	Canopy
	Tree
	Canopy Structure
	Canopy Height

	
	
	Crown Type
	Height to Live Crown

	
	
	
	Percent Cover

	
	Snag
	Snag Class
	Diameter

	
	
	
	Height

	
	
	
	Snags/ac

	
	Ladder Fuels
	Vegetation Type
	Significance

	Shrub
	Shrub
	Foliage Type
	Percent Cover

	
	
	Growth Habit
	Height

	
	
	Accelerant Potential
	Percent Live Vegetation

	
	Needle Drape
	
	Significance

	Low Vegetation
	Grass/Sedge
	Leaf Blade Thickness
	Percent Cover

	
	
	Growth Habit
	Height

	
	
	
	Percent Live Vegetation

	
	Forb
	
	Percent Cover

	
	
	
	Height

	Woody Fuel
	Sound Wood
	Size Class
	Loading (tons/ac)

	
	
	
	Fuelbed Depth

	
	Rotten Wood
	Size Class
	Loading (tons/ac)

	
	Stumps
	Decay Class
	Stems/ac

	
	
	
	Diameter

	
	Woody Accumulations
	Piles, Windrows or Jackpots
	Height

	
	
	Clean or Dirty
	Width

	
	
	
	Length

	
	
	
	#/ac

	Moss/Lichen/Litter
	Moss
	Moss Type
	Percent Cover

	
	
	
	Depth

	
	Lichen
	
	Percent Cover

	
	
	
	Depth

	
	Litter
	Litter Type
	Percent Cover

	
	
	Litter Arrangement
	Depth

	Ground Fuel
	Duff
	Character
	Depth

	
	
	
	Percent Rotten Wood

	
	Basal Accumulation
	Accumulation Type:
	Depth

	
	
	e.g. litter, bark slough
	Trees/ac Affected


Fuelbed Prototypes

The FCC system provides a set of prepared fuelbed descriptions or prototypes.  Fuelbed prototypes provide default information, based on the best available published and unpublished data, about the fuelbed categories present and their physiognomic and gradient variables.  Default information can be modified by selecting additional categories or de-selecting categories, and by adjusting the physiognomic and gradient variables when more site-specific data is available.

Users can access fuelbed prototypes with only limited or partial general fuelbed information.  The general fuelbed information used to organize the fuelbed prototypes will include:

	1.  EcoRegion Division: (Bailey 1997)
	Fuelbed prototypes are organized geographically to improve prototype selection when only very general information such as vegetation form is available.



	2.  Vegetation Form:


	Vegetation Form describes the gross physiognomic structure of a landscape unit.  Options include conifer forest, hardwood forest, mixed forest, shrubland, grassland and savanna.  Coupled with EcoRegion Division this allows the system to provide the user with a pull-down menu of all the conifer forest prototypes available for a certain Division.  Vegetation form can also be used with remote sensing data where only very general information about vegetation is available.



	3.  Cover Type:


	FCC uses a synthetic classification of cover type based on leading vegetation and fire potential but will crosswalk, whenever possible, to existing cover type classifications (e.g. Eyre 1980, Shiflet 1994).



	4.  Structure Class:


	Structure class applies to forests and captures the number of canopy layers, the relative size of trees, the stage of development of the understory and the relative degfree of stand closure.  Descriptions of vegetation structure are used to fine-tune the categories present and the partitioning of fuels in canopy layers.



	5.  Change Agent:


	Change agent refers to activities such as fire suppression, insect and disease mortality, wind and timber harvesting that significantly alter fuelbeds.  Fuelbed prototypes reflect a range of possibilities.


Fuelbed prototypes are designed to cover most major fuelbed types throughout the United States.  Fuelbed prototypes represent a loose classification of vegetation type (both vegetation form and cover type) and of fire potential (both effects and behavior).  For example, one prototype may represent several cover types where fire potential is similar while another cover type may require several prototypes where structure and/or secondary vegetation significantly alter fire potential.  The FCC system will allow authorized users to add new fuelbed prototypes to the system database, so that the system may be taught to make finer distinctions over time.

Output: Fuel Characteristics and Fuel Characteristic Classes

The FCC system provides users with continuous fuel characteristics, based on user input, and a stylized fuel characteristic class.  Several different output formats will be available but a complete output file includes:

· A fuelbed name and description as provided by the user;

· All input information provided by the user or inferred by the FCC system;

· All fuel characteristics generated by the system including fuel loading, fuel surface area;

· Fuel Characteristic Class assignment (see figure 3 and text below);

· National Fire Danger Rating System (NFDRS) and Northern Forest Fire Laboratory (NFFL) fuel model assignments;

· Reliability or data quality index.

Fuel characteristics are calculated or inferred using the best available published data and, where necessary, unpublished information.  This information includes biomass equations, photo series and other published fuels data, and relationships between physiognomic features and physical parameters such as surface area to volume ratio, bulk density and flammability.  This information is stored in an FCC catalog with a rule base that links information to the appropriate fuelbed.

Generating continuous fuel characteristics specifically for the fuelbed in question creates several problems:

1. It limits the ability of users to communicate and compare fuelbeds.

2. Many fire models require stylized input data that must be calibrated to generate appropriate model behavior.

To address these issues the FCC system will include a set of stylized fuel characteristic classes based on three key attributes (Figure 3):

1. An index of potential spread rate or reaction intensity;

2. An index of crowning potential;

3. An index of fire effects based on biomass consumption and residence time.

The FCC number assigned to each fuelbed will indicate the level of each index.  FCC# 743 will have a spread rate index of 7, a crowning potential index of 4 and a fire effects index of 3.

















Figure 3.  Stylized fuel characteristic classes in 3-dimensional space.

Implementation

A series of workshops were held around the United States to ensure regional applicability of the system.  Initial system design is complete and we are proceeding with database and user-interface engineering, and collation of data to populate the FCC system.  The user interface is in the design phase and will allow users to access fuel characteristics in a variety of ways:

· Select a fuelbed prototype based on general fuelbed information and accept default fuel characteristics;

· Select a fuelbed prototype and modify the default settings based on site-specific knowledge;

· Create custom fuelbeds (and custom fuelbed databases);

· Search existing fuelbed prototypes by specific criteria (for example, spread rate index);

· Work in batch mode where the FCC system will read a file containing polygon or inventory attribute data and generate fuel characteristics for each.

Efforts are underway to ensure that the FCC system will link with existing fire and landscape assessment models.  Linkages with FFE-FVS (Fire and Fuels Extension to the Forest Vegetation Simulator), CONSUME (fire effects model) and FASTRAC (a database model designed to compile fuels information) are currently in progress.

A prototype of the FCC system will be available for beta testing by the fall of 2001 and the system will be fully operational by 2003.  The FCC system is designed to learn.  Data quality will be indexed and protocols will be in place to append new information and replace inaccurate information.  The objective is to provide fuels data to a large number of people over a broad geographic area and create a system that may eventually have international applicability.  The FCC system will be adaptive and respond to the needs and input of users.
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Figure 2.  Fuelbed strata as combustion environments.
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