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Abstract

We used thé&uel Characteristic Classification SystéRCCS)to developa set of past, current,
and future fuelbeds for tHeake TahoeBasin Management Unjt TBMU). Through group
consensus of LBTMU managerss snajorfuelbedtypes were identifiethatoccur in thebasin
including (1) jeffrey pinewhite fir, (2) red fir, (3) wet lodgepole pind4) whitebark pine
lodgepole(5) mountain hemlockand(6) mixed confer Fuelbed pathways were completed for
each of the major fuelbed typand88 fuelbeds were identifietbr developmentTwenty
additional fuelbeds were identifieoshd developetb represent unique vegetation tgpleat did
not fall within the six fuelbed type$he fuelbedsvere constructed ugy baseline fuelbeds
provided within the FCCS and modified for local application usitigntific and gay literature
photoseriesplant association and forest community gujgesicommunity descriptions\
fuelbedpathwayhandbookwascompled thatincludes the six fuelbetypes,pathway
schematics, fuelbed names and descriptions, fire behavior estamdgsneral photogiphs
assigned tohe fuelbeds Thirty-oneof themajorfuelbedsand20 of the unique fuelbedsere
crossvalkedto vegetation attributefom the GQALVEG data seandmappedor the LTBMU.
Thefuelbedpathway landbook, FCCS fuelbeds, and fuelbed map \pegsented at thmeeting
AA Symposi uManagementEBba iessito n S uhplgiro20li0at Matine Vikage
Nevadaand at avorkshop conductethe following day Defining and mapping important
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fuelbeds for th& TBMU 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 animgressd to

accurately quantify and classify the structural and geographical diversity of wildland fuels.
Defining thesefuelbedsprovides inputdatafor current and future firand fuelmodels enabing
managers to better plan restoration projesisntfy potential fire behavior, fire effects, and
smokeemissionsaccount forcarbon;and protect and enhance wildlife habttabughout the

Lake Tahoe BasiManagement Unit (LTBMU)AIthoughfire behavior fuel modslhave been
assigned to the LTBMU for wildnd fire risk assessments (U.S. Forest Service 26@&edo
notprovide a representationof resicf uel s required by todayds pl a
Consequently hte 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; Ricardi et al. 2007) representing the past, current and potential future conditions of major
forestand rangelantypes, management activities, and natural disturbances occurring within the
LTBMU.

What is the FCCSR is a software systemo build fuelbedswith realistic fuels datand predict

their relative fire hazar{Ottmar et al. 2007, Riccardi et al. 200¥he FCCS defines a fuelbed

as a relatively homogeneous unit on the landscape, representing a uniqgue combustion
environment. The FCCS stratifiaselbeds into 6 horizontal strata (canopy, shrubs, nonwoody
vegetation, woody fuels, littdichenrmoss, and ground fuels) to represent every fuel element

that has the potential to combust. The fuelbeds are further separated into one or more fuelbed
categries and subcategorieblsers can modify FCCS fuelbeds to create a set of customized
fuelbeds representing any scale of interest.

FCCS calculates the relative fire hazard of each fuelbetliding 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 beach 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 behadio
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 ghdao 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 loadingnd 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 afizlable
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 hkefg 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) stat e, Afan FCCS fire
modest surface fire poteal, aboveaverage crown fire potential, and extreme potential for

bi omass consumption. o Comparing this to a fue
that the second fuelbed is predicted to have lower surface fire potential, much lower |dotentia

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

In additionto the fire potential&CCS also predicts surface fire behavior, including reaction
intensity(BTU ft2sec'), flame lengtH(ft), and rate ofpreadft min™) basecbn benchmark and
userspecified environmental conditiorldsing amodified Rothermel spreaghuation(Sandberg

et al. 2007 FCCS evaluates each fuelbed straseparately 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. 2@y apmparing predicted flame length

and rate of spredaetveen the fuelbed and fire behavior fusbdels,FCCS provides a

crosswalk to one of the original 13 Fire Behavior Prediction System fuel models and one of the
40 standard fuel mode{Scott and Burgan 2005Finally, the FCCS reports carbon storage by
fuelbed category and subcategory.

Study Location and Description

StudyLocation

The study area is the 150,086re Lake Tahoe Basin Management Unit located on the California
and Nevada bordgfig. 1). Initially, the study area wae be confined tohte Angora fire area
However, following discussions with thdBMU managersit was decidedhe studywould
includethe entire unit.
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California

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 StattthTBMU
managers108 fuelbeds were ientified and constructaasing he fuelbed pdiway concept,

FCCS and data from both scientific andagiiterature source§’he FCCSalculator provided
fuelbed characteristics, a set of surface fire behavior, crown fire, and available fuel potential
predictions based on established environmentr@j and a report for each fuelbddhe
fuelbeds werenatched withCALVEG Lake Tahoe basin vegetation layscriptions and
attributesto map thduelbeds across the regioh fuelbedpathway landbook was produced with
fuelbed typesfuelbed pathwayduelbeddescriptions, and fuelbed fire potentials and fire
behavior predictions

Specific objectives of the projestere

1) Consult with LTBMU ID-team to determine critical fuelbed typéselbed pathways, and
fuelbedsthat will represent past, current and future vegetation states of B U.

2) Build fuelbeds using previously collected datad scientific and gsaliterature.

3) Run each fuelbed for fuelbed characteristics, fire potentials, fire behandtotal
carbon

4) Use CALVEG existing vegetation layeo mapthe FCCS fuelbeds for theTBMU.

5) Prepargequired quarterlyprogress reports

6) Complete a final report witfuelbed handboolkpathway diagramd$-CCS predicted fire
outputs,andFCCS fuelbed files

7) Complete FCC%uelbed 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-wimkshop
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Methods

Fuelbeddentification andevelopment

A team offire ecologists and fire and fuel expentsre gatheretb list a set oimportant tielbed

typesfor the Lake TahoeBasinManagement UnitA fuelbed pathwaysimilar to a successional
forestpathway butfor fuelbeds as they change over timgscreatedor eachfuelbed typeThe

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 agisit®ccur in the LTBMU.

The pathway#$ighlightedfuelbed which needed to beonstruced torepresentnajor forest

types natural successionpmmon management activitji@sd natural disturbanceser time In
addition,20fuelbeds were added to theelbed listthat did not fall within the key fuel types
identified by the LTBMU managers, but uld allow amorecomplete assignment of fuelbeds to
vegetatiorclassesound in the LTBMU(fig. 2).

Fuelbed pathways Input from LTBMU
fuelbed list managers
Scientific and | Fuelbed | Plant guides,
grey literature | development | field data
FCCS fuelbed
crosswalk \
Fuelbed map FCCS fire runs
CALVEG /
Veg. map
data
Deliverables:

FCCS fuelbeds
Fuelbed Handbook
Fuelbed Map
Workshop

Figure 2. Study process.
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Fuelkeds provided in thECCS library(Ricarrdi et al. 2007,
http://lwww.fs.fed.us/pnw/fera/fccs/fuelbed_references.shonfrom otherprojects(i.e.
Okanogan/Wenatchee NatadrForest projecand central Oregon project
http://lwww.fs.fed.us/pnw/fera/fccs/downloads.shtm)#sére used as stargrpoints for creating
LTBMU fuelbeds Plantassociatiorand forest community guides (Fites 1993; Smith 1994;
Potter 1994)photo seriegOttmat et al. 1998Dttmar et al. 2008, Otmar et al. 2000b, Ottmar et
al. 2007) inventory dathaseghttp://www.fs.fed.us/pnw/fera/fccs/fuelbed_references.ghtml
experimental results (Stephens and Moghaddas 20@bgxpert opinion were used to modify
thefuelbed descriptions and adjust fuelbeputsincluding loading, depths, percegecover,

and speciet represent the fuelbeds identified in the pathways and that fell othisidex
importantfuelbed typesField data from the LTBMU was not collected for building the fuelbeds
because resoces 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.

FuelbedCharacteristics

Some fuelbed characteristics such as woody fuel loading, litter depths, and shrub heights are
assigned to each fulebed during the fuelbed building process. Howevefuethed
characteristicsise input variables to calculate otlebaracertistics that were not measured.
Fuelbed charderistics includingshrub loading, litter loadingnd carborby fuelbed stra
categories, and subcategoriegre calculated for each fuelbed using the FCCS

Fire Behavior

FCCS version 2.Wvas sed to calculat€l) surface fire behaviogrown fire, and available fuel
potentialsj(2) reaction intensity, rate of spread, and flame length (Sandberg et al. 2007a;
Sandberg et al. 2007i)r each fuelbedt three moisture scenarifgew, medium, and Igh),and

(3) mid-flame windspeed&, 3and7 mph)and slope¢0, 30,and70%). These environmental
variables and slopes were selected by LTBMU managers and scientists to provide results at a
wide range of conditionsSuggested crosswalks to the originaeFBehavior Prediction System
(Rothermel 1972, Albini 1976Andrews et al. 200%and standard fuel models (Scott and

Burgan, 2005)vere also determineat three moisture scenarifew, medium, high) mid-flame
windspeed$0, 3,and7 mph)and slopeg0, 30,and70%)

Fuelbed Hindbook

General information on thieelbed typesfuelbed pathways and their relatieelbeds, fire

potentials, surface fire behavior prediction, and fire behavior fuel model crossemk

compiled into the_ake Tahoe Basin Fuelb&ththwayHandbook Fuelbedtypes angathway
informationis summarized ischematics antablesthat include the fuelbed namelgscription,

age class, and any management actions or natural change agents associated with each fuelbed
All fuelbed outputs ae presented in summary tabl&epresentative photos foranyfuelbed

were collected and provided in the handbamklustrate general structural features of the
fuelbedsonly and were not intended tepresent 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 Servicg008) The vegetation type (Regional Dominance type) and overstory tree
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size class were used to create unique clasbese unigue vegation classes matched closely
with the fuelbedype, age,and characteristiasf the pathways anéuelbeds soa simple

crosswalk was create@nce a fuelbethapwasproduced,tiwasdiscoveredhatthere were

more vegetatioglasseshan fuelbedypes developed for the basind the map coverage was
less than 90 percenfio improve map coverag2Q additionalfuelbedsoutside the fuelbed types
were constructednd added to the map achievea +99.5 % fuelbed coverage of the Lake Tahoe
BasinManagement Unit

Results

The majority of the resulisre presentenh the Fuelbed Pathway Handbo@kseparate
deliverable)and the Fuelbed Maprhese were two major deliverables for the project.

Fuelbeds

There were 6 fuelbetypes identifiecoy the LTBMU managerand 6 fuelbeghathways

developed to account for natural succesdiogls managemerdctivities andnatural and human
change agentslarvest types, fuel treatments, and natural change agents were considered when
constructing the pathaysand includedclearcut, precommerciakhin, selectcut, salvage, pile

and burn, pile and no burn, prescribed fire, mastication; crown wildfire, ground wildfire, insect
and disease, avalanche, and ndntotal of 88 fuelbeds were developed.

The fuelked types and number of fuelbeds constructed for eachngjpele:

Jeffreypineand white fir(24 fuelbeds)

Red fir (18 fuelbeds)

Wet lodgepole ping3 fuelbeds)
Whitebark pine, lodgepole pir{8 fuelbeds)
Moutain hemlock6 fuelbeds)

Mixed conifer(24 fuelbeds)

Twentyadditional fuelbeds were identified and constructed to account for vegetation not covered
by the 6 fuelbed types bthatrepresented significantportion of thdandscapeThese include:

(1) huckleberryoakshrub,(2) green leamanzanita(3) short hair reed graghread leaf sedge,

(4) saplingaspen(5) pole aspen(6) medium aspert/) black cottonwoogd(8) chamise

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

(12) low sagehush,(13) mountain mahoganyl14) avalanchalisturbedaspen(15) large

ponderosa ping;16) sapling Douglair/ponderosa ping(17) saplingponderosa ping18)

bitterbrush and rabbit brus{i,9) western juniper savannand(20) old sagebrush

The 108fuelbeds 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.shtmj#sf

Fuelbed @aracteistics
Over 300 input variables and calculated characteristecavailable for eactuelbed In this
report, weprovideonly loading (ta*) for each major fuel categoand total aboveground carbon
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(appendix 1) Additional characteristics can lsalculaedor reported by running tHeelbeds in

the FCCSThe total loading ranged from3it a* for the low sagebrush additional fuelbed LF308
with only shrub biomasso 1240 t & for themixed conifer LT064 fuelbed0-120 years old

with a substantial teebole and woody fuel maskhe shrub, grass, woody fuel, and litter fuelbed
categories drive surface fire behavieaction intensity, spread ratmd flamdength for surface
fire behavior Total biomass for theskcategories ranged frofn1 t & for the additional
bitterbrush fuelbed CO208 with no litter and small woody fuels to 17-%drahe mixed conifer
fuelbed LT088 126 years

Fuelbed Map
There weranore fuelbeds developed for the Lake Tahoe Basin areavitr@vegetation classes

in the CALVEG data setFurthermore,te data set did not distinguish between human or natural
change agents so fuelbeds that naturally progressed from one age class towftaaedd
change agent erethe only fuelbedsnappedThis allowed only31 of the100fuelbeds
developed for the six fuelbed typtesbe mappedrlo achievea more complete coverage of the
LTBMU, 20 additional fuelbeds were constructed for vegetation classes without a matched
fuelbed and added to the fuelbed.lfppendix 2displays tle CALVEG vegetation classes and
FCCS fuelbed crosswalkhe fuelbed map and legend are displayefilgs 3 and4. A majority

of the mappedoverage was in thaixed conifer angellow pine categories (55.2%), followed
by montanechaparral and red fir (24.1 %}rass and forbs, subalpine, lodgepole pine, great
basin shrub types, riparian hardwoods, aspen and other accounted for the remaining area
(20.8%)

Modeled Fire Bhavior

FCCSsurface fire behaviorrown fire, and available fuels potentials; reaction intensity, rate of
spread, and flame lengthndsuggested crosswalks to the original Fire Behavior Prediction
System and standard fuel modaie presented in summary tabtéshe Lake Tahoe Fuelbed
Pathway HandbookFCCS fire potentials ranged frobD 5 for the red fir fuelbed. TO33 (120+
years old that has been select cut, piled and burned at moisture scenario high, 0% slope, and 0
mph wind spe€edo 9 6 9 for the red fir fuelbed LT032120+ years oladvith no management at
moisture scenario low, 70% slope and 7 mph Witle reactia intensity ranged from 560
BTUsft?sec! for the wet lodgepole pine fuelbéd038 (0-10 years old with no management
action at high fuel moisture content, 0% slope antph wind speeqto 119 BTUSt?sec! for

the mixed conifer fuelbedT062 (25-50 years old with no management at a low moisturésr70
slope and 7 mph widFlamelength ranged from 0.2 feet for the viedgepole pine fuelbed
LTO42 (40-80 year old witmo treatment, high moisture content, 0 % slope and 0 mph wind
speedito 25.3 feet for mixed conifer fuelbed LTOG25-50 years old with no treatment, at low
fuel moisture content, 70% slope, and 7 mph wind gpdéeérate of spread ranged from O ft
min™ for the we lodgepole pine fuelbed LT042@80 years old with no treatment, high
moisture content, 0 % slope and 0 mph wind speefl1.4 ft/min' for fuelbed LTO62with no
treatment at 250 years old, at low fuel moisture content, 70% slope, and Avimghspeed 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 sutherdquent
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 FCCS3uelbed map
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