
 

 



v 

 

 

 

 

BLANK PAGE IS INTENTIONAL  



FCCS Fuelbeds For Lake Tahoe Basin Management Unit 

 

FCCS Fuelbeds for the Lake Tahoe Basin  

Final Report P018 
 

Roger D. Ottmar
1
 and Hugh Safford

2 

 
1
Principal Investigator 

U.S. Forest Service, Pacific Northwest Research Station 

400 North 34
th 

Street, Suite 201, Seattle, WA 98103 

Phone: (206) 732-7826 

Fax (206) 732-7801 

rottmar@fs.fed.us 

 
2
Co-Principal Investigator 

U.S. Forest Service, Pacific Southwest Region 

1323 Club Drive, Vallejo, CA 94592 

Phone: (707) 562-8934 

Fax (707) 562-9050 

hughsafford@fs.fed.us 

 

July 14, 2011 
 
This research was supported using funds provided by the Bureau of Land Management through the sale of public 
lands as authorized by the Southern Nevada Public Land Management Act (SNPLMA), and was funded in part 
through an in-service agreement IS-11272170-023 from the USDA Forest Service Pacific Southwest Research 
Station. The views in this report are those of the authors and do not necessary reflect those of the USDA Forest 
Service Pacific Southwest Research Station or the Bureau of Land Management. 

 

Abstract 
We used the Fuel Characteristic Classification System (FCCS) to develop a set of past, current, 

and future fuelbeds for the Lake Tahoe Basin Management Unit (LTBMU). Through group 

consensus of LBTMU managers, six major fuelbed types were identified that occur in the basin 

including: (1) jeffrey pine-white fir, (2) red fir, (3) wet lodgepole pine, (4) whitebark pine-

lodgepole, (5) mountain hemlock, and (6) mixed confer. Fuelbed pathways were completed for 

each of the major fuelbed types and 88 fuelbeds were identified for development. Twenty 

additional fuelbeds were identified and developed to represent unique vegetation types that did 

not fall within the six fuelbed types. The fuelbeds were constructed using baseline fuelbeds 

provided within the FCCS and modified for local application using scientific and gray literature, 

photo series, plant association and forest community guides, and community descriptions. A 

fuelbed pathway handbook was compiled that includes the six fuelbed types, pathway 

schematics, fuelbed names and descriptions, fire behavior estimates and general photographs 

assigned to the fuelbeds. Thirty-one of the major fuelbeds and 20 of the unique fuelbeds were 

crosswalked to vegetation attributes from the CALVEG data set and mapped for the LTBMU. 

The fuelbed pathway handbook, FCCS fuelbeds, and fuelbed map were presented at the meeting 

ñA Symposium on Forest Management Decision Support Toolsò held in 2010 at Incline Village, 

Nevada and at a workshop conducted the following day. Defining and mapping important 
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fuelbeds for the LTBMU will enable managers to better plan restoration and wildlife habitat 

projects and account for potential fire hazard, smoke from wildland fire, and carbon.

Background and Purpose 
As fire models become more sophisticated and widely used, there is an increasing need to 

accurately quantify and classify the structural and geographical diversity of wildland fuels. 

Defining these fuelbeds provides input data for current and future fire and fuel models, enabling 

managers to better plan restoration projects; quantify potential fire behavior, fire effects, and 

smoke emissions; account for carbon; and protect and enhance wildlife habitat throughout the 

Lake Tahoe Basin Management Unit (LTBMU). Although fire behavior fuel models have been 

assigned to the LTBMU for wildland fire risk assessments (U.S. Forest Service 2007), those do 

not provide a representation of realistic fuels required by todayôs planning processes. 

Consequently, the LTBMU collaborated with the Fire and Environmental Research and 

Applications (FERA) team of the Pacific Wildland Fire Research Laboratory to create a 

comprehensive set of Fuel Characteristic Classification System (FCCS) fuelbeds (Ottmar et al. 

2007; Riccardi et al. 2007) representing the past, current and potential future conditions of major 

forest and rangeland types, management activities, and natural disturbances occurring within the 

LTBMU.  

 

What is the FCCS? It is a software system to build fuelbeds with realistic fuels data and predict 

their relative fire hazard (Ottmar et al. 2007, Riccardi et al. 2007). The FCCS defines a fuelbed 

as a relatively homogeneous unit on the landscape, representing a unique combustion 

environment.  The FCCS stratifies fuelbeds into 6 horizontal strata (canopy, shrubs, nonwoody 

vegetation, woody fuels, litter-lichen-moss, and ground fuels) to represent every fuel element 

that has the potential to combust.   The fuelbeds are further separated into one or more fuelbed 

categories and subcategories.  Users can modify FCCS fuelbeds to create a set of customized 

fuelbeds representing any scale of interest. 

 

FCCS calculates the relative fire hazard of each fuelbed, including surface fire behavior, crown 

fire, and available fuel potentials, scaled on an index from 0 to 9 (Sandberg et al. 2007b). FCCS 

fire potentials facilitate communication of fire hazard among users by providing an index of the 

intrinsic capacity of each fuelbed for surface fire behavior, crown fire and fuels available for 

consumption. FCCS fire potentials also offer an easy way to evaluate fuels treatment 

effectiveness.  The crown fire potential takes into account the predicted surface fire behavior and 

whether there is sufficient energy available to breach the gap between canopy layers carrying the 

fire into tree crowns, whether there are sufficient ladder fuels to carry the fire into the crowns, 

and finally, whether the trees crowns are close enough to carry fire through the canopy.  So 

fuelbeds with higher than average surface fire behavior and dense canopies with either low live 

crowns or ladder fuels are likely to have a high crown fire potential. The surface fire potential 

considers the loading and arrangement of surface fuels (shrubs (including needle drape, if 

applicable), nonwoody fuels, litter and woody fuels <3 inches), and the species composition of 

the shrub layer, specifically, whether highly flammable species are present.  The available fuel 

potential tends to be highest in fuelbeds with high total biomass. However, a fuelbed with higher 

loading of finer fuels might have a higher available fuel potential than a fuelbed with higher 

loading of coarse fuels, because the fine fuels are more likely to be consumed.  These three fire 

potentials can be used to compare the potential fire behavior among fuelbeds.  For example, as 
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Sandberg et al. (2007b) state, ñan FCCS fire potential of 469 would represent a fuelbed with a 

modest surface fire potential, above-average crown fire potential, and extreme potential for 

biomass consumption.ò Comparing this to a fuelbed with a fire potential of 222 would indicate 

that the second fuelbed is predicted to have lower surface fire potential, much lower potential for 

crown fire and also much lower potential for biomass consumption than the first fuelbed. 

 

In addition to the fire potentials, FCCS also predicts surface fire behavior, including reaction 

intensity (BTU ft
-2 

sec
-1

), flame length (ft), and rate of spread (ft min
-1

) based on benchmark and 

user-specified environmental conditions. Using a modified Rothermel spread equation (Sandberg 

et al. 2007a), FCCS evaluates each fuelbed stratum separately for reaction intensity and heat sink 

terms, accounting for changes that occur between fuelbed strata due to natural succession or a 

natural or human change agent (Sandberg et al. 2007a). By comparing predicted flame length 

and rate of spread between the fuelbed and fire behavior fuel models, FCCS provides a 

crosswalk to one of the original 13 Fire Behavior Prediction System fuel models and one of the 

40 standard fuel models (Scott and Burgan 2005). Finally, the FCCS reports carbon storage by 

fuelbed category and subcategory.  
 

 

Study Location and Description 
 

Study Location 

The study area is the 150,000-acre Lake Tahoe Basin Management Unit located on the California 

and Nevada border (fig. 1). Initially, the study area was to be confined to the Angora fire area. 

However, following discussions with the LTBMU managers, it was decided the study would 

include the entire unit. 
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Figure 1. Location of the Lake Tahoe Basin Management Unit. 

 

 

Study Description 

In collaboration with U.S. Forest Service, Pacific Southwest Region, the Fire and Environmental 

Research Applications Team (FERA) of the Pacific Northwest Research Station, and LTBMU 

managers, 108 fuelbeds were identified and constructed using the fuelbed pathway concept, 

FCCS, and data from both scientific and gray literature sources. The FCCS calculator provided 

fuelbed characteristics, a set of surface fire behavior, crown fire, and available fuel potential 

predictions based on established environmental criteria; and a report for each fuelbed. The 

fuelbeds were matched with CALVEG Lake Tahoe basin vegetation layer descriptions and 

attributes to map the fuelbeds across the region. A fuelbed pathway handbook was produced with 

fuelbed types, fuelbed pathways, fuelbed descriptions, and fuelbed fire potentials and fire 

behavior predictions.  

  

Specific objectives of the project were: 

 

1) Consult with LTBMU ID-team to determine critical fuelbed types, fuelbed pathways, and 

fuelbeds that will represent past, current and future vegetation states of the LTBMU. 

2) Build fuelbeds using previously collected data and scientific and gray literature.  

3) Run each fuelbed for fuelbed characteristics, fire potentials, fire behavior, and total 

carbon. 

4) Use CALVEG existing vegetation layer to map the FCCS fuelbeds for the LTBMU.  

5) Prepare required quarterly progress reports. 

6) Complete a final report with fuelbed handbook, pathway diagrams, FCCS predicted fire 

outputs, and FCCS fuelbed files. 

7) Complete FCCS fuelbed map for the LTBMU. 

8) Prepare a draft manuscript(s) to be submitted to a refereed journal. 

9) Present a minimum of one conference and one mini-workshop 

 

Lake Tahoe Basin 
Management Unit
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Methods 
 

Fuelbed Identification and Development 

A team of fire ecologists and fire and fuel experts were gathered to list a set of important fuelbed 

types for the Lake Tahoe Basin Management Unit. A fuelbed pathway (similar to a successional 

forest pathway, but for fuelbeds as they change over time) was created for each fuelbed type. The 

fuelbed pathways were developed from consensus of land managers and the project leads based 

on (1) fuelbed types that were important, (2) years for a fuelbed to change significantly, (3) 

common management and natural change agents that occur in the LTBMU.    

The pathways highlighted fuelbeds which needed to be constructed to represent major forest 

types, natural succession, common management activities, and natural disturbances over time. In 

addition, 20 fuelbeds were added to the fuelbed list that did not fall within the key fuel types 

identified by the LTBMU managers, but would allow a more complete assignment of fuelbeds to 

vegetation classes found in the LTBMU (fig. 2).  

 

 
 

Figure 2. Study process. 

 

 

Fuelbed 

development

Fuelbed pathways

fuelbed list

FCCS fuelbed

crosswalk

Fuelbed map

CALVEG 

Veg. map 
data

Deliverables:

FCCS fuelbeds

Fuelbed Handbook

Fuelbed Map

Workshop

Scientific and 

grey literature

Plant guides, 

field data

FCCS fire runs

Input from LTBMU 

managers



FCCS Fuelbeds For Lake Tahoe Basin Management Unit 

 

6 

 

Fuelbeds provided in the FCCS library (Ricarrdi et al. 2007, 

http://www.fs.fed.us/pnw/fera/fccs/fuelbed_references.shtml) or from other projects (i.e. 

Okanogan/Wenatchee National Forest project and central Oregon project, 

http://www.fs.fed.us/pnw/fera/fccs/downloads.shtml#sf) were used as starting points for creating 

LTBMU fuelbeds.  Plant association and forest community guides (Fites 1993; Smith 1994; 

Potter 1994), photo series (Ottmat et al. 1998, Ottmar et al. 2000a, Ottmar et al. 2000b, Ottmar et 

al. 2007), inventory databases (http://www.fs.fed.us/pnw/fera/fccs/fuelbed_references.shtml), 

experimental results (Stephens and Moghaddas 2005) and expert opinion were used to modify 

the fuelbed descriptions and adjust fuelbed inputs including loading, depths, percentage cover, 

and species to represent the fuelbeds identified in the pathways and that fell outside the six 

important fuelbed types. Field data from the LTBMU was not collected for building the fuelbeds 

because resources and time were limited. However, the fuelbeds provided by the FCCS library 

and other national forest projects were developed from measured data acquired through scientific 

literature, regional data bases, or actual field measurement.        

 

Fuelbed Characteristics 

Some fuelbed characteristics such as woody fuel loading, litter depths, and shrub heights are 

assigned to each fulebed during the fuelbed building process.  However, other fuelbed 

characteristics use input variables to calculate other characertistics that were not measured.  

Fuelbed characteristics, including shrub loading, litter loading, and carbon by fuelbed strata, 

categories, and subcategories, were calculated for each fuelbed using the FCCS.  

 

Fire Behavior  

FCCS version 2.1 was used to calculate (1) surface fire behavior, crown fire, and available fuel 

potentials; (2) reaction intensity, rate of spread, and flame length (Sandberg et al. 2007a; 

Sandberg et al. 2007b) for each fuelbed at three moisture scenarios (low, medium, and high),and 

(3) mid-flame windspeeds (0, 3,and 7 mph) and slopes (0, 30, and 70%). These environmental 

variables and slopes were selected by LTBMU managers and scientists to provide results at a 

wide range of conditions.  Suggested crosswalks to the original Fire Behavior Prediction System 

(Rothermel 1972, Albini 1976, Andrews et al. 2005) and standard fuel models (Scott and 

Burgan, 2005) were also determined at three moisture scenarios (low, medium, high), mid-flame 

windspeeds (0, 3, and 7 mph) and slopes (0, 30, and 70%). 

 

Fuelbed Handbook 

General information on the fuelbed types, fuelbed pathways and their related fuelbeds, fire 

potentials, surface fire behavior prediction, and fire behavior fuel model crosswalk were 

compiled into the Lake Tahoe Basin Fuelbed Pathway Handbook. Fuelbed types and pathway 

information is summarized in schematics and tables that include the fuelbed names, description, 

age class, and any management actions or natural change agents associated with each fuelbed. 

All fuelbed outputs are presented in summary tables. Representative photos for many fuelbeds 

were collected and provided in the handbook to illustrate general structural features of the 

fuelbeds only and were not intended to represent actual species composition or fuel loadings.  

 

Fuelbed Map 

To map FCCS fuelbeds we used CALVEG data for the Lake Tahoe Basin Management Unit 

(U.S. Forest Service 2008). The vegetation type (Regional Dominance type) and overstory tree 
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size class were used to create unique classes. These unique vegetation classes matched closely 

with the fuelbed type, age, and characteristics of the pathways and fuelbeds, so a simple 

crosswalk was created. Once a fuelbed map was produced, it was discovered that there were 

more vegetation classes than fuelbed types developed for the basin and the map coverage was 

less than 90 percent. To improve map coverage, 20 additional fuelbeds outside the fuelbed types 

were constructed and added to the map to achieve a +99.5 % fuelbed coverage of the Lake Tahoe 

Basin Management Unit.  
 

Results 
 

The majority of the results are presented in the Fuelbed Pathway Handbook (a separate 

deliverable) and the Fuelbed Map.  These were two major deliverables for the project. 

 

Fuelbeds 

There were 6 fuelbed types identified by the LTBMU managers and 6 fuelbed pathways 

developed to account for natural succession, fuels management activities, and natural and human 

change agents. Harvest types, fuel treatments, and natural change agents were considered when 

constructing the pathways and included: clearcut, pre-commercial thin, select-cut, salvage, pile 

and burn, pile and no burn, prescribed fire, mastication; crown wildfire, ground wildfire, insect 

and disease, avalanche, and none. A total of 88 fuelbeds were developed. 

 

The fuelbed types and number of fuelbeds constructed for each type include: 

 

 Jeffrey pine and white fir (24 fuelbeds) 

 Red fir (18 fuelbeds) 

 Wet lodgepole pine (8 fuelbeds) 

 Whitebark pine, lodgepole pine (8 fuelbeds) 

 Moutain hemlock (6 fuelbeds) 

 Mixed conifer (24 fuelbeds)  

 

Twenty additional fuelbeds were identified and constructed to account for vegetation not covered 

by the 6 fuelbed types but that represented a significant portion of the landscape. These included: 

(1) huckleberry oak shrub, (2) green leaf manzanita, (3) short hair reed grass-thread leaf sedge, 

(4) sapling aspen, (5) pole aspen, (6) medium aspen, (7) black cottonwood, (8) chamise 

chaparral, (9) sagebrush, (10) western juniper/sagebrush/bitterbrush, (11) willow-mountain alder, 

(l2) low sagebrush, (13) mountain mahogany, (14) avalanche-disturbed aspen, (15) large 

ponderosa pine, (16) sapling Douglas-fir/ponderosa pine, (17) sapling ponderosa pine, (18) 

bitterbrush and rabbit brush, (19) western juniper savanna, and (20) old sagebrush.  

 

The 108 fuelbeds are available from the FERA website for input into the FCCS allowing 

additional outputs to be observed including fuel loading and available carbon by fuelbed 

category (http://www.fs.fed.us/pnw/fera/fccs/downloads.shtml#sf). 

  

Fuelbed Characteristics 

Over 300 input variables and calculated characteristics are available for each fuelbed. In this 

report, we provide only loading (t a
-1

) for each major fuel category and total aboveground carbon 
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(appendix 1). Additional characteristics can be calculated or reported by running the fuelbeds in 

the FCCS. The total loading ranged from 1.5 t a
-1

 for the low sagebrush additional fuelbed LF308 

with only shrub biomass, to 1240 t a
-1

 for the mixed conifer LT064 fuelbed, 80-120 years old, 

with a substantial tree bole and woody fuel mass. The shrub, grass, woody fuel, and litter fuelbed 

categories drive surface fire behavior reaction intensity, spread rate, and flame length for surface 

fire behavior. Total biomass for these 4 categories ranged from 1.1 t a
-1

 for the additional 

bitterbrush fuelbed CO208 with no litter and small woody fuels to 17.7 t a
-1

 for the mixed conifer 

fuelbed LT088 120+ years. 

 

Fuelbed Map 

There were more fuelbeds developed for the Lake Tahoe Basin area than were vegetation classes 

in the CALVEG data set.  Furthermore, the data set did not distinguish between human or natural 

change agents so fuelbeds that naturally progressed from one age class to the next without a 

change agent were the only fuelbeds mapped. This allowed only 31 of the 100 fuelbeds 

developed for the six fuelbed types to be mapped. To achieve a more complete coverage of the 

LTBMU, 20 additional fuelbeds were constructed for vegetation classes without a matched 

fuelbed and added to the fuelbed list. Appendix 2 displays the CALVEG vegetation classes and 

FCCS fuelbed crosswalk. The fuelbed map and legend are displayed in figs. 3 and 4. A majority 

of the mapped coverage was in the mixed conifer and yellow pine categories (55.2%), followed 

by montane chaparral and red fir (24.1 %). Grass and forbs, subalpine, lodgepole pine, great 

basin shrub types, riparian hardwoods, aspen and other accounted for the remaining area 

(20.8%).  

  Modeled Fire Behavior 

FCCS surface fire behavior, crown fire, and available fuels potentials; reaction intensity, rate of 

spread, and flame length; and suggested crosswalks to the original Fire Behavior Prediction 

System and standard fuel models are presented in summary tables of the Lake Tahoe Fuelbed 

Pathway Handbook. FCCS fire potentials ranged from 1 0 5 for the red fir fuelbed LT033 (120+ 

years old that has been select cut, piled and burned at moisture scenario high, 0% slope, and 0 

mph wind speed) to 9 6 9 for the red fir fuelbed LT032 (120+ years old with no management at 

moisture scenario low, 70% slope and 7 mph wind). The reaction intensity ranged from 560 

BTUs ft
-2 

sec
-1

 for the wet lodgepole pine fuelbed LT038 (0-10 years old with no management 

action at high fuel moisture content, 0% slope and 0 mph wind speed), to 119 BTUs ft
-2 

sec
-1

 for 

the mixed conifer fuelbed LT062 (25-50 years old with no management at a low moisture, 70 % 

slope and 7 mph wind). Flame length ranged from 0.2 feet for the wet lodgepole pine fuelbed 

LT042 (40-80 year old with no treatment, high moisture content, 0 % slope and 0 mph wind 

speed) to 25.3 feet for mixed conifer fuelbed LT062 (25-50 years old with no treatment, at low 

fuel moisture content, 70% slope, and 7 mph wind speed). The rate of spread ranged from 0 ft 

min
-1

 for the wet lodgepole pine fuelbed LT042 (40-80 years old with no treatment, high 

moisture content, 0 % slope and 0 mph wind speed) to 81.4 ft/min
-1

 for fuelbed LT062 (with no 

treatment at 25-50 years old, at low fuel moisture content, 70% slope, and 7 mph wind speed). In 

general, the FCCS fire potentials and surface fire behavior increased over time if there were no 

treatment activities in place or if there was a change agent such as logging without subsequent 

fuels treatment.  
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Figure 3. FCCS fuelbed map for the Lake Tahoe Basin Management Unit. 

 

 

 

 

 

 
 

Figure 4. Legend for Lake Tahoe Basin Management Unit FCCS fuelbed map.  


