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I NTRODUCTI1 ON

Consi deration of the role and relative inpacts of fire is essential in

| andscape-scal e scenari o devel opment and in the assessnent of nanagenent
alternatives. Fire-related considerations include wldfire hazard and
fire potential as well as inmediate fire effects such as bi omass
consunpti on and snoke em ssions. The Fire-Fuel s-Em ssions Dat abase
provides 28 fire- and fuels-related attributes for the broadscal e
scientific assessnent of the Interior Colunbia R ver Basin (CRB). The
attribute values in the database relate to three general areas: 1. fire
weat her, fuel noisture, and fire characteristics; 2. fuel |oading and

fuel consunption; and 3. PMLO snoke eni ssions.

For the broadscal e CRB assessnent, this database is |linked to the CRBSUM
historic or current potential vegetation data through a series of
crosswal ks, beginning with a direct link to the CRB Current Covertype
Map (McNicoll and others 1996). There are 46 vegetati on cover types in
Version 1.0 of the Current Covertype Map--43 wildland vegetation types
and three other types—water, barren ground, and agriculture (Menakis and
ot hers 1996).

Fire probability is not included in this database. The database

provi des estinmates of fire, fuels, and em ssions characteristics for any
classification category, pixel or polygon within which a fire (wildfire
or prescribed fire) may occur. The database is designed to provide
estimates for any of three unique fire-weather scenarios: wet, nornal
and dry. The effects froma specific fire type (prescribed versus
wildfire) are determ ned by triggering one of two subsets of this

dat abase, with wildfires triggering the “Dry Scenario” data subset, and
prescribed fire triggering the “Normal Scenari 0” data subset. These
weat her - dependent subsets are further explained later in this

descri ption.
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The individual activities conprising the devel opnent process for this
dat abase are diagrammed in figure 1. There are as nany as seven
potential structural devel opnent stages for each of the 46 cover type
cat egori es, which, when conbined with the three weather scenari os,
results in a 966-cell matrix. Each cell could thereby be populated wth

a unique set of fire, fuels, and em ssions characteristics.

METHODS

There are many interdependencies within the database. These
dependencies are generally illustrated by the dashed lines in the

di agram of activities shown in figure 1. The fire weather and fire
characteristics (behavior) were determned first (right-side colum of
figure 1). These data were then used in the fuel consunption
calculations (mddle colum of figure 1), which ultimately were used to
derive estimates of snoke eni ssions production (left-side colum of

figure 1).

Each of the procedures used in the devel opnment of the Fire-Fuel s-

Em ssi ons Dat abase for the broadscal e CRB assessnent are di scussed in
the follow ng sections. Throughout the discussion, reference will be
made to individual elenments of the detail ed process-flow di agram shown
in figure 3, where nunbers for the elenents relating to enissions or

fuels are prefaced by the letters ‘E or ‘F, respectively.

Fuel Mbisture and Fire Characteristics

Two distinct sets of fuels attributes were devel oped for the database:
1. stylized fuel nodels for determning fire characteristics such as
wildfire hazard; and 2. fuels attributes for cal culating fue
consunpti on and snoke eni ssions. The stylized fuel nodels represent

only biomass in the upper duff, surface litter, and vertically oriented
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vegetation within about six feet of the ground. They are not
appropriate for estinmating snoke production that results fromlong term
fuel consunption behind the fire front. The follow ng discussion is
limted to the first set of fuels attributes (the stylized fuel nodels).
Fuel s attributes relating to fire effects such as fuel consunption and

snmoke em ssions will be discussed in another section

Stylized fuel nodel s—+uel nodels are a set of nunbers that describe
vegetation characteristics in terns that are required by nathemati cal
fire nodels for conputing fire potential. There are two fuel nobdel sets
t hat have been in use for nmany years -- those used in the National Fire
Danger Rating System called the “1978 NFDR' nodel s (Deenmi ng and ot hers
1977), and those used in the fire behavior system (Al bini 1976). Each
fuel nodel set is specifically designed for the systemin which it is
used. Thus there was an initial choice to be nmade between using fire
behavi or fuel nodels and fire danger fuel nodels. The NFDR fuel nodel
set was sel ected because it has two nore fuel conponents than the fire
behavi or fuel nodel set--one nore dead fuel conponent and one nore live
fuel conponent. These extra fuel conponents inprove the capability to
portray seasonal fire potential variation. The NFDR fuel nodel
paraneters are: 1) dead fuel |oads by size class, 2) live herbaceous and
shrub | oads, 3) fuel bed depth, 4) fuel heat content, and other

paraneters not directly related to bionass.

Ten of the twenty standard 1978 NFDR fuel nodels were used to represent
fire characteristics in the database (table 1). However, these ten do
not provide enough resolution to represent all the required vegetation
cover type/structure stage conbi nations for the CRB assessnent.
Therefore, we used an expanded set of the 1978 NFDR fuel nodels produced
by both increasing and decreasing the mass (|l oadi ng) assigned to each
live and dead fuel class by one-third. Fuel bed depth was adjusted to
mai ntain a constant packing ratio (pounds of fuel per cubic foot of fue
bed) and a characteristic surface area-to-volune ratio to mtigate the

potential of producing an aberrant fuel nodel. These fuel nodels were
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| abel ed to indicate | ow, nedium and hi gh | oadi ngs of the original NFDR
fuel nodels. The two-letter nodel designations are of the form nodel -
load; that is, the nodel letter precedes the |loading level, as in "CL”
“CM, and “CH' where the letter "C' defines the NFDR fuel nodel, and
"L", "M, and "H' represent 1/3 less than the original load (low), the
original load (nmediun), and 1/3 nore than original |oad (high),
respectively. The resulting 25 “scal ed-NFDR' fuel nodels for the CRB
are described in table 2. They were then linked to each vegetation
cover type/structural stage conbination on the basis of the fuel node

descriptions and expert know edge.

Fi re-weat her scenarios—+t is assunmed that clinmatol ogy and site

condi tions over the |last several hundred years have defined the
geographi c location of the various vegetation types within the CRB and
that individual weather stations can represent the vegetation types

wi thin which they occur. Wather data from National Fire Danger Rating
Syst em (NFDRS) weat her stations were used because these data provide
neasures of all the inputs required by the NFDRS processor (Deem ng and
others 1977). Wather data sets from 17 NFDRS fire weat her stations
identified as being anong the best agency-operated weather stations in
California, Oegon, |daho, and Washi ngton provi ded the base data for the
CRB analysis area (figure 2). The period July 1 through August 31 for
the years 1978 through 1992 defined the tenporal scope of the analysis.
The weat her data were anal yzed with respect to fire potential using a
predi cted NFDRS i ndex called the energy rel ease conponent (ERC) which
provides a neasure of energy release -- BTUs rel eased per unit area
burned within the fire front. The analysis was based on ERC because it
is largely a function of fuel |oad and noisture, and is not influenced
by wi nd speed (wi nd speed estimates would be rather meaningless for the
| arge scale analysis). It was deternmined that fuel noistures for the
wet, normal, and dry fire-weather scenarios would be derived from nedi an
weat her data for which the percentile ERCs were 10, 50, and 90,
respectively. For those nodels that have a small ERC range (AL, AM
AH), another NFDRS index (burning index, or Bl) was used to provide a

| arger range fromwhich to select fuel noistures.
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Processing of the weather data to derive fire- and fuel s-rel ated
attributes was done using the prograns pcFl RDAT and pcSEASON (California
Department of Forestry and Fire Protection 1994), which are adaptations
of the original FIREFAMLY set of historical fire danger analysis
progranms (Main and others 1990). The program pcFl RDAT was used to

cal cul ate fuel noistures and NFDRS i ndices and conponents (Deeni ng and
others 1977). The resulting output file was processed using pcSEASON to
delineate the nedian values of the | owest 20 percent, niddle 20 percent,
and hi ghest 20 percent daily ERC. These nedi an val ues were al so the
10th, 50th, and 90th ERC percentiles.

National fire danger rating weather stations are always located in the
open because they are neant to nonitor "near worst case" conditions. It
was therefore necessary to adjust the fuel noistures for the effect of
shadi ng by forest canopies. No shading adjustnent was made for shrub or
grass vegetation types. A fixed increase of 4.0 percent was nmade for
all the dead fuel noisture classes to adjust the noistures for shaded
conditions. Al so, the 20 foot w nd speeds were adjusted to account for
di f ferences between CRB cover types and the NFDRS fuel nodel - dependent
wi nd reduction factors. The adjusted fuel noistures and associ ated
NFDRS i ndi ces (heat per unit area, fireline intensity, flanme |engths)
occurring at the 10th, 50th, and 90th percentile ERCs for each CRB
vegetation cover type/structural stage conbination were then used to
popul ate the database for the wet, normal, and dry fire-weather

scenarios (figure 3, elenments F2, F3).

Fuel Attributes for Fuel Consunption

Fuel | oadi ng—Seven attributes were used to describe the fuel |oading
characteristics of each vegetation cover type/structural stage
conbination. The loading attribute data were parsed froman existing
matri x of predeterni ned fuel condition classes (FCC) devel oped for a
Fire Em ssions Tradeoff Mddel (FETM used in another study (Schaaf

1996). For that study, a teamof fuel specialists, fire nanagers, and
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research personnel devel oped the fuel profiles assigned to each FCC

The resulting 188 FCCs represent nine general vegetation types, four age
cl asses, three levels of fuel |oading, and nine harvest and/or fue
managenent activities. Each FCC has nine fuel |oading conponents--two
live, six dead and downed woody, and duff. Since these included all of
the attributes needed for the CRB assessnent, it was thereby possible to
link appropriate FCC classes to each broadscal e CRB vegetation cover
type/ structural stage conbination. These |oading estimtes were only
used to predict first-order fire effects such as fuel consunption and

em ssi ons production, and the val ues are not necessarily conparable to

the stylized NFDR fuel |oadings.

Fuel consunpti on—Fhe fuel loading attributes and respective fue

noi sture val ues for each weat her scenario (figure 3, elenments Fl, F2,
F3) were used with the First Oder Fire Effects Mddel (FOFEM to

cal cul ate fuel consunption, by fuel conponent, for each unique
fuel s/ weat her conbination (figure 3, elenment F4).! Table 3 shows how
t he consunption values for the eight FOFEM fuel s conponents were
consolidated into five conponents for the CRB assessnment (figure 3,

el enment F5). For each of the three weather scenarios, each vegetation
cover type/structural stage conbination in the database was then

attributed with the respective set of fuel consunption val ues.

PMLO EM SSI ONS

Aggregating the data by em ssions group—Many of the vegetation cover
typel/ structural stage conbi nati ons shared comon em ssi ons
characteristics. The NFDR fuel nodel assignments were used to key the
dat abase into three groupings of the original 10 base NFDR fuel nodels
fromtable 1 (figure 3, elenent El). The three groupings are referenced

by their dom nant vegetation: “conifers” (NFDR nodels G H R U); “shrubs”

1 Keane, R E.; Reinhardt, E.D.; Brown, J. K. FOFEMUser’s Guide. [manuscript in preparation].
U.S.D. A Forest Service, Intermpuntain Research Station, M ssoula, Mntana.
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(NFDR nodel s F, T); and “grasses” (NFDR nodels A CL,S).

Em ssion factors—Em ssion factors for snoke fromwi ldland fires are
strongly related to the fire conditions associated with the conbustion
of a given fuel conponent. Conbustion efficiency (¢) is atermused to
describe the fire condition relative to its emission source strength.
Conbustion efficiency is the proportion of carbonaceous enissions from
conbustion that are converted into CO. For exanple, perfect conbustion
woul d produce only CO, and water, and ¢=1.00. Anything |ess than

perfect conbustion creates other products, such as CO CH, and
particulate matter. Ward and Hardy (1991) have synt hesi zed vari ous

em ssions data into linear functions used to predict em ssion factors
fromc¢. Wiile a function using ¢ to predict PMLO (particulate matter
smal ler then 10 microneters in nmean nmass-dianeter) has not been directly
derived from observations, one can be estimted from known size-cl ass
distributions of particulate matter (Ward and others 1993). A linear
function derived for PMLO is shown in figure 4. Rat her than estinmating
an average ¢ for each fuel class, a separate ¢ was estimated for each of
two phases of conbustion (flam ng and snol dering) for each fuel class,

wi thin each of the three em ssions groups (table 4). A weighted-average
¢ was then conputed for each fuel class using the proportions of
consunpti on expected to occur in each of the conbustion phases.

Finally, the weighted-average ¢ for each of the five fuel classes was
used in the linear function (figure 4) to derive specific PMLO eni ssion
factors for the wet, normal, and dry fire-weather scenarios (table 4)
(figure 3, elenments E2, E3, E4).

Total PMLO Emi ssions Per Unit Area

The total mass of PMLO produced (per unit area) from each fuel conponent
is the product of the mass of the fuel conponent consuned and the

wei ght ed- average em ssion factor for the respective fuel conponent. The
total nmass of PMLO produced (per unit area) fromall fuel within the

vegetation type/structural stage conbination is the sumof the PMLO
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em ssions fromthe five fuel conponents. The exanple shown in table 5
lists the wei ghted-average em ssion factors for each fuel conponent
(PMLO EF-bar) and their “grand wei ght ed-average” (24.0 Ib/ton) for the
“conifer” em ssions group. The grand wei ghted-average value is the nean
of the individual PMLO em ssion factors for each fuel conponent,

wei ghted by the total fuel consuned within each fuel conponent. Also
given in the exanple shown in table 5 are the total PMLO em ssions for

each fuel conponent (Total PMLO) and their sum (419.7 Ib/acre).

RESULTS AND DI SCUSSI ON

The data dictionary for The Fire-Fuel s-Eni ssions Database is presented
in table 6. The database, presented in its entirety in Appendix 1
contains the conplete set of attributes relating to fire
characteristics, fuel conponents, and PMLO em ssions for each of the
three weat her scenarios (dry, normal, and wet). The assunption used for
the CRB assessnent was that the data for the dry scenario represented
wildfire conditions and the data for the normal scenario were
appropriate for prescribed fire conditions. The data fromthe wet
scenario would not apply to nost fire events, since the fuel noisture

val ues are typically too wet to sustain conbustion

Spatial Anal ysis of Em ssions Production

The total PMLO values in the Fire-Fuel s-Em ssions Database represent the
total nass of PMLO em ssions produced per unit area, expressed in units
of pounds of PMLO per acre burned (lb/acre). 1In a spatial analysis, the
area burned (in this exanple expressed in acres) within each respective
vegetation cover type/structural stage conbination is multiplied by the
total PMLO values (I b/acre) to calculate total PMLO enissions froma
fire within the vegetation cover type/structural stage conbi nation. The
sum of PMLO emi ssions produced fromall the vegetation cover

type/ structural stage conbinations burned is the total PMLO em ssion
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fromthe fire event(s).

QO her Applications For These Procedures

The met hodol ogy as well as much of the current data prepared for the

br oadscal e CRB assessnment are transportable to many other spatia

| andscape assessnents. Similar analysis protocols were recently used in
an anal ysis of emi ssions tradeoffs between prescribed fires and
wildfires (Shaaf 1996). Work currently underway for the Grand Canyon
Visibility Transport Commission is utilizing many conponents of these
data as well as the procedures used to derive them?2 The nethodol ogy
used here closely follows the procedures used in regional and nationa
em ssions inventory efforts (Ward and others 1993). Current nodel
sinmulations of the effects of fire managenent alternatives on | andscape
processes and the concomtant inplications for global change rely
extensively on both the data and procedures presented here.® The
Western States Air Resource Council (WESTAR) is currently devel opi ng
nodel i ng capabilities for assessing regional transport and inpacts of
snoke from prescri bed burning. The WESTAR effort will utilize sone of
t hese dat abase conponents and procedures.* The fuel condition classes,
em ssion factors, and fuel consunption values are tineless and can be

applied in a broad spectrum of |andscape anal ysis activities.

2 Personal communication with Pete Lahm Air Resource Program Manager, U.S.D.A. Forest
Service, Phoenix, AZ.

3 Keane and others [manuscript in preparation]. Sinmulating the effects of fire nmanagenent
on gasous emissions from future |andscapes of dacier National Park, Mntana, U S A
U S.D. A Forest Service, Internpuntain Research Station, Mssoula, Mntana.

4 Personal communication with WESTAR staff, Portland, OR,
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TABLE CAPTI ONS

Tabl e 1-NFDRS fuel nodels used in the assessnent
Tabl e 2—Scal ed- NFDRS fuel nodel descriptions for the CRB assessnent
Tabl e 3—+uel | oading conponents for NFDRS, FOFEM and the CRB assessnent

Tabl e 4—€onbustion efficiencies, flamng/snoldering proportions, and

PMLO em ssion factors for each fire-weather scenario.

Tabl e 5—Exanpl e cal cul ati ons of wei ghted-average PMLO em ssion factors

and total em ssions

Table 6-Pbata definition table for the CRB Fire-Fuel s-Em ssi ons dat abase

FI GURE CAPTI ONS

Fi gure 1-Bi agram of the general flow of devel opnent activities for the

dat abase

Figure 2—tocations of the 17 NFDRS fire-weather stations used in the

anal ysi s.

Fi gure 3— owdi agram of the specific processes in the database

devel opnent .

Fi gure 4—Fhe linear function for predicting an em ssion factor from PMLO

as derived from conbustion efficiency.
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NFDRS

fuel mode Fuel model description
A Western annual grasses and forbs
C Mature, dense brushfields less than six feet tall
F Mature, closed chamise and oakbrush
G Dense conifer stands with heavy litter and woody debris
H Short-needled, healthy conifers
L Perennial western grasslands
R Hardwood areas after leafout
S Alpine tundra; lichens and mosses
T Sagebrush-grass types
U Western long-needled pines; closed canopy

CH19B_tdoc --Table 1 -- 4/17/1



CRB Fuel mass (loading) by NFDRS fuel component Relative Surface
fuel lhr+ Total Total Grand Fuel Packing packing area/
model 1hr 10hr ~ 100hr  1000hr Wood Herbs herbs live 0-3” total depth ratio ratio volume
—————————————————————————— Tons of fuel peracre - - - === ==-=--==--=--=------ (feet) (fE2/ft%)
AL 0.13  0.00 0.00 0.00 0.00 0.20 0.33 0.20 0.13 0.33 0.53 0.0007 0.151 3000
AM 0.20  0.00 0.00 0.00 0.00 0.30 0.50 0.30 0.20 0.50 0.80 0.0007 0.151 3000
AH 0.27  0.00 0.00 0.00 0.00 0.40 0.67 0.40 0.27 0.67 1.07 0.0007 0.151 3000
CL 0.27 067 0.00 0.00 0.33 0.53 0.80 0.87 0.93 1.80 0.50 0.0034 0.544 2114
C™M 040  1.00 0.00 0.00 0.50 0.80 1.20 1.30 1.40 2.70 0.75 0.0034 0.544 2114
CH 053 133 0.00 0.00 0.67 1.07 1.60 1.73 1.87 3.60 1.00 0.0034 0.544 2114
FL 167 1.33 1.00 0.00 6.00 0.00 1.67 6.00 4.00 10.00 3.00 0.0027 0.261 1155
FM 250  2.00 1.50 0.00 9.00 0.00 2.50 9.00 6.00 15.00 4.50 0.0027 0.261 1155
FH 333 267 2.00 0.00 12.00  0.00 3.33 12.00 8.00 20.00 6.00 0.0027 0.261 1155
GM 250  2.00 5.00 12.00 0.50 0.50 3.00 1.00 9.50 22.50 1.00 0.0172 2.434 1848
GH 333 267 6.67 16.00 0.67 0.67 4.00 1.33 12.67 30.00 1.33 0.0172 2.434 1848
HL 1.00  0.67 1.33 1.33 0.33 0.33 1.33 0.67 3.00 5.00 0.20 0.0287 4.074 1858
HM 150  1.00 2.00 2.00 0.50 0.50 2.00 1.00 4.50 7.50 0.30 0.0287 4.074 1858
HH 200 133 2.67 2.67 0.67 0.67 2.67 1.33 6.00 10.00 0.40 0.0287 4.074 1858
LL 0.17  0.00 0.00 0.00 0.00 0.33 0.50 0.33 0.17 0.50 0.67 0.0007 0.108 2000
LM 0.25  0.00 0.00 0.00 0.00 0.50 0.75 0.50 0.25 0.75 1.00 0.0007 0.108 2000
LH 0.33  0.00 0.00 0.00 0.00 0.67 1.00 0.67 0.33 1.00 1.33 0.0007 0.108 2000
RM 0.50  0.50 0.50 0.00 0.50 0.50 1.00 1.00 1.50 2.50 0.25 0.0115 1.484 1657
SL 033 033 0.33 0.33 0.33 0.33 0.67 0.67 1.00 2.00 0.27 0.0072 0.795 1372
SM 0.50  0.50 0.50 0.50 0.50 0.50 1.00 1.00 1.50 3.00 0.40 0.0072 0.795 1372
TL 0.67 033 0.00 0.00 1.67 0.33 1.00 2.00 1.00 3.00 0.83 0.0029 0.415 1900
™ 1.00 0.50 0.00 0.00 2.50 0.50 1.50 3.00 1.50 4.50 1.25 0.0029 0.415 1900
TH 133 0.67 0.00 0.00 333 0.67 2.00 4.00 2.00 6.00 1.67 0.0029 0.415 1900
uL 1.00  1.00 0.67 0.00 0.33 0.33 1.33 0.67 2.67 3.33 0.33 0.0158 2.077 1694
UM 150 1.50 1.00 0.00 0.50 0.50 2.00 1.00 4.00 5.00 0.50 0.0158 2.077 1694
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Fuel profile
component

Model application

NFDRS

FOFEM CRB
Litter Litter Fine
1-hr. (0-1/4") X Fine Fine
10-hr. (1/4-1") X Fine Fine
100-hr. (1-3") X Small Small
1000-hr. (3-9") X Large Large
Woody (>9") X Large Large
Duff Duff Duff
Herbs X Herbs Live
Shrubs Shrubs Live
Regen. Regen. Live
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Fire-weather scenario

Combustion Wet Normal Dry

Emission CRB efficiency % consumed % consumed % consumed
group fuels Flame Smold Hame Smold Flame  Smold Hame  Smold
Grasses Fines 0.95 0.76 1.0 0.0 1.0 0.0 1.0 0.0
Smal 0.92 0.76 1.0 0.0 1.0 0.0 1.0 0.0

Lage 0.92 0.76 0.5 0.5 0.7 0.3 0.8 0.2

Live 0.85 0.76 1.0 0.0 1.0 0.0 1.0 0.0

Duff 0.90 0.76 0.5 0.5 0.4 0.6 0.4 0.6

Shrubs  Fines 0.95 0.76 1.0 0.0 1.0 0.0 1.0 0.0
Smal 0.92 0.76 1.0 0.0 1.0 0.0 1.0 0.0

Lage 0.92 0.76 0.5 0.5 0.7 0.3 0.8 0.2

Live 0.91 0.76 1.0 0.0 1.0 0.0 1.0 0.0

Duff 0.90 0.76 0.5 0.5 0.4 0.6 0.4 0.6
Conifers Fines 0.95 0.76 1.0 0.0 1.0 0.0 1.0 0.0
Smal 0.92 0.76 0.9 0.1 1.0 0.0 1.0 0.0

Lage 0.92 0.76 0.5 0.5 0.7 0.3 0.8 0.2

Live 0.85 0.76 1.0 0.0 1.0 0.0 1.0 0.0

Duff 0.90 0.76 0.5 0.5 0.4 0.6 0.4 0.6
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Fuelbed Total fuel Fraction Consumed Combustion Effcy. PM10 Tota
consumed
component consumed Flame Smold Flame Smold Flame Smold -bar PM10
- -(Tong/acre) - (Ib/ton)  (Ib/acre)

FineWoody 1.90 1.0 0.0 1.90 0.00 0.95 0.76 9.3 17.7
1-3"Woody 0.70 1.0 0.0 0.70 0.00 0.92 0.76 14.0 9.8
3"+ Woody  6.50 0.7 0.3 4.55 1.95 0.92 0.76 21.6 140.4
LiveVeg 0.70 1.0 0.0 0.70 0.00 0.85 0.76 25.1 175
Duff/Litter ~ 7.70 0.4 0.6 3.08 4.62 0.90 0.76 30.4 234.3

Grand-average PM 10 emission factor (Ib/ton) and Total PM 10 produced (Ib/acre) >> 24.0 419.7
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DataName Columns  Description
Data |D# 1-5 Uniqueidentifier.
CRB ID# 9-10 Current VegType Map Value.
Str. Stg 15 Structural Devel opment Stage.
Wx %tile 19-21 Weather scenario (Dry, Normal, Wet).
CRB Name 24-29 SAF, SRM or CRB (custom) Classification
Weather Station 32-39 Representative fire weather station.
Fuel Row 42-44 Cross-reference to "Ottmar's FCC" Table.
Loading:
0-1 46-49 Oven-dry mass of 0-1" biomass (tong/acre).
1-3 51-54 Oven-dry mass of 1-3" biomass (tong/acre).
3+ 56-59 Oven-dry mass of biomass > than 3" diameter (tons/acre).
Live 61-64 Oven-dry mass of live vegetation (tong/acre).
Duff 66-69 Oven-dry mass of duff (tong/acre).
Totd 71-74 Tota oven-dry biomass (tons/acre).
Fuel Model 78-79 "Scaled" NFDR Fuel Moddl.
Moist 3+ 84-85 Moisture content of 3+ material (percent).
PCFIRDAT:
ERC 88-90 Energy Release Component (dimensionless).
SC 93-94 Spread Component (dimensionless).
Heat 97-99 Heat perUnit Area (BTU/foot2).
I-B 101-103  Byrom's Fireline Intensity (BTU/fireline foot/sec).
FL 107-109  Flame Length (feet).
Consumed:
0-1 110-113  Consumption of 0-1" biomass (tons/acre).
1-3 115-118  Consumption of 1-3" biomass (tons/acre).
3+ 120-123  Consumption of biomass > than 3"diameter (tong/acre).
Duff 125-128  Consumption of duff (tons/acre).
Live 130-133  Consumption of live vegetation (tong/acre).
Totd 136-139  Tota consumption of biomass (tons/acre).
PM 10:
Totd 142-146  Tota mass of PM 10 emissions (pounds/acre).
EFbar 149-152  Weighted-average emission factor for PM 10.
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