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BEHAVE: Fire Behavior
Prediction and Fuel Modeling
System —BURN Subsystem,

Part 2

Patricia L. Andrews
Carolyn H. Chase

INTRODUCTION

The BEHAVE fire behavior prediction and fuel model-
ing system isa set of interactive computer programs.
BEHAVE provides mathematical prediction modelsin one
easy-to-use package. This paper describes prediction
capabilities that have been added to the system.

Since 1984, BEHAVE hasbeen used by |and managers
for a variety of fire management needs. A user can tailor
predictionsto specific needs based on the resolution of the
inputand interpretation of the output. For example,
windspeed might be measured on site for real-time predic-
tion of wildfire behavior. On the other hand, windspeed
can be assigned a range of valuesin order to make assess-
mentsfor planning purposes. Example usesof BEHAVE
predictions are determining appropriate suppression
action, predicting the growth of a wildernessfire, pre-
scribed fire planning, setting dispatch levels, and after-
the-fact predictionsfor an investigation.

This paperisthethirdin a seriesof papers that de-
scribe the BEHAVE system. Burgan and Rothermel
(1984) described the FUEL subsystem of BEHAVE, used
for designing custom fuel models. Andrews (1986) de-
scribed theinitial BURN subsystem, the operational fire
behavior prediction part of BEHAVE. This paper covers
additions that have been made tothe BURN subsystem.

Part 1 of the BURN manual described the FIREI pro-
gram. ThispaperisPart 2of the BURN manual and
describes additionsto the FIREI program and the new
FIRE2 program. Theinformationin Part 1isstill valid.
Worksheets for all modulesin the FIREI and FIRE2 pro-
gramsarein thismanual (appendix B).

We assume that you are familiar with BEHAVE, spe-
cificaly with thematerial in Part 1 o the BURN manual.
References will be made to that paper (Andrews1986) by
page number (for example, Part 1, p. 23). Aswith Part1,
the emphasisof this paper i son description o the predic-
tion models. You are responsible for supplying valid input
and for properly interpreting output.

OVERVIEW OF THE BEHAVE
SYSTEM

A diagram of the BEHAVE system designisshownin
figurel. The BURN subsystem previously consisted of
only one program. It now has two, FIREI and FIRE2.
The only reason for the splitistolimit program size.

BEHAVE'’s " user-friendly" design makesit unnecessary
to provide detailed instructions on how to run the
programs. Annotated runsof the FIRE1 and FIRE2 pro-
grams aregiven in appendix A. Operation of all of the
BEHAVE programsisbased on keywords. A list of all
keywordsin the BURN subsystem and a brief description
of eachisshown in figure 2. Module keywords(DIRECT,
SITE, SIZE, ...) are used to specify the prediction that is
desired. Operation keywords (INPUT, LIST, CHANGE,
RUN) are used to enter input and obtain output. Mode
keywords (WORDY, TERSE, PAUSE, ...) are used to set a
switch that remainsin effect until you changeit. Rescue
keywords (KEY, HEL P) should rescue you if you get
mixed up.

All of the modules can be used independently. Some of
them can also belinked to othersasshown in figure3. In
that case, input and/or output is carried over from one
module to the next.

Input/output sheetsfor all modules of the BURN sub-
system areincluded in appendix B. In some cases, they
are different from those given in Part 1. To avoid confu-
sion, the dateisat the bottom of each worksheet.

The Input/Output sheets give line numbers, item
names, both English and metric units, comments, and one
blank. These are information sheets and not worksheets.
Most users will use computer printout to document runs
rather than completing a worksheet. Custom worksheets
can be designed as needed.



BEHAVE System Design

SYSTEM SUBSYSTEMS PROGRAMS- MODULES
NEWMDL DIRECT
[ INITIAL FUEL MODEL SPREAD RATE. FLAME LENGTH.
DEVELOPMENT PROGRAM AND INTENSITY
(DIRECT INPUT OF GENERAL INPUT)
FUEL SITE
FUEL MODELING —t SPREAD RATE. FLAME LENGTH.
SUBSYSTEM AND INTENSITY
TSTMDL (SITE-SPECIFIC INPUT)
FUEL MODEL TEST AND
ADJUSTMENT PROGRAM SIZE
AREA AND PERIMETER
CONTAIN
L ATTACK FORCE REQUIREMENTS
BEHAVE DISPATCH

FIRE BEHAVIOR
PREDICTION AND
FUEL MODELING [ SPOT

SYSTEM MAXIMUM SPOTTING DISTANCE

FIRE 1 —  SCORCH
FIRE BEHAVIOR CROWN SCORCH HEIGHT
PREDICTION PROGRAM

MORTALITY

TREE MORTALITY LEVEL
MAP

BURN MAP DISTANCES

FIRE BEHAVIOR SLOPE

PREDICTION SUBSYSTEM SLOPE FROM TOPOGRAPHIC MAPS
—

AUTOMATIC LINKING OF DIRECT. SIZE. AND CONTAIN

OISTURE
FINE DEAD FUEL MOISTURE.

— FIRE 2
FIRE BEHAVIOR TABLE AND GRAPHIC OPTIONS
PREDICTION PROGRAM IGNITE
PROBABILITY OF IGNITION
RH

RELATIVE HUMIDITY FROM
WET BULB AND DRY BULB TEMPERATURES

Figure 1—Subsystems, programs, and modules of the BEHAVE system.



FIRE1 only

Module Keywords
DIRECT

SITE

SIZE
CONTAIN
DISPATCH
SPOT

SCORCH
MORTALITY
MAP

SLOPE
CUSTOM

FIRE2 only

Module Keywords
MOISTURE
IGNITE
RH

FIRE1 and FIRE2
Operation Keywords

INPUT
LIST
CHANGE
RUN

Mode Keywords
WORDY
TERSE
PAUSE
NOPAUSE
LOG
NOLOG
ENGLISH
METRIC
PERCENT
DEGREES

Rescue Keywords
KEY

HELP
Other Keywords
QUIT
COMMENT
STATUS

Accepts direct input of the basic values to calculate spread rate, flame length,
and intensity.

Accepts site-specific input to calculate spread rate, flame length, and intensity.
Fine dead fuel moisture is an intermediate value.

Calculates area and perimeter of a point source fire.
Calculates either line construction capabilities needed or final fire size.
Automatically links DIRECT, SIZE, and CONTAIN

Calculates maximum spotting distance from torching trees, a burning pile, or
wind-driven surface fire.

Calculates crown scorch height

Calculates level of tree mortality

Translates calculated distances to map distances

Calculates slope from topographic map measurements

Specifies a custom fuel model file to be used or lists what is in a fuel model file

Calculates fine dead fuel moisture
Calculates probability of ignition
Calculates relative humidity from wet bulb and dry bulb temperatures

Asks for all input of the current module

Lists currentinput values

Changes individual input values by line number
Does calculations and presents results

Gives extra messages and explanations throughout the run (default)

Skips extra messages and explanations

Limits display to at most 24 lines at a time for a video display terminal (default)
No pause in display for a terminal with hard-copy output

Writes results of LIST, RUN and COMMENT to a file to be printed at a later time
turns off the LOG option (default)

English units (default)

Metric units

Slope in percent (default)

Slope in degrees

Prints the keywords that are allowed at the current point along with a brief de-
scription of each

Tells you where you are in the program and what you can do next

Gets back to the previous level in the keyword hierarchy or terminates the run
Allows the user to annotate a run in a log file

Gives the status of the mode keywords and the names of the fuel model file and
the log file

Figure 2—Keyword summary for the BURN subsystem (FIRE1 and FIRE2 programs)




SIZE {CONTAIN

DIRECT SPOTCH {uonnuw

Joourim

SPOT

SITE —[SIZE

SIZE
CONTAIN

FIRE 1 — scorcH {uonnu‘rv
MORTALITY

sPOT

DISPATCH

MAP

SLOPE

CUSTOM

MOISTURE

FIRE 2 IGNITE

Figure 3—Keyword hierarchy for the BURN subsys
tem (FIRE1 and FIRE2 programs).

SUMMARY OF ADDITIONS AND
CHANGES

Thefollowing is a summary of the capabilities that have
been added toBEHAVE. They arelisted according to
keyword. Theremainder of this paper describes these
itemsin detail.

LOG/NOLOG - When the LOG modei sset, theresults
of LIST, RUN, COMMENT, and CUSTOM are written
to a file. When the NOLOG mode is set, nothing is
written to thefile.

COMMENT - Theuser isallowed toenter a description
of therun.

ENGLISH/METRIC - The option of either English or
metric unitscan be set.

PERCENT/DEGREES - The option of specifying slope
aseither percentage or degrees can be set.

STATUS - The statusis given for the mode keywords
and, if they arein use, the names of thefuel model file
and thelogfile.

SCORCH - Crown scorch height can be cal culated.
MORTALITY - Level of treemortality can becal culated.

SPOT - The wind-driven surface fire option has been
added. Several southern tree species have been added
to the torching tree option.

MAP . Calculated distances can be translated to map
measurements.

SL OPE - Slopecan becal culated from topographic map
measurements.

IGNITE - Probability of ignition can be calculated.

MOISTURE - Table and graphic options are available
for the fine dead (1-hour) fuel moisture model thatis
alsoinSITE.

RH - Relative humidity can be cal culated from wet bulb
and dry bulb temperatures.

UTILITY KEYWORDS (L OG, NOLOG,
COMMENT, ENGLISH, METRIC, PER-
CENT, DEGREES, STATUYS)

Several new utility keywords are available in the
FIRE1 and FIRE2 programs: LOG, NOLOG, COMMENT,
ENGLISH, METRIC, PERCENT, DEGREES, and
STATUS. Useof these keywordsisillustratedin
appendix A.

SavingResultsinaFilefor Printing
(LOG and NOLOG)

BEHAVE involves alot of interaction between you and
the computer. Although it ismost convenient to access
BEHAVE through a video display terminal, thereisoften
a need tosave resultson paper. Theinput and output are
needed, but not all of the questionsand answers.

LOG and NOLOG are mode keywords. When the LOG
modeisset, theresultsof LIST, RUN, COMMENT, and
CUSTOM are saved in afilethat can later be printed.
You can turn the option on and off at any time by typing
LOG or NOLOG. You should getin the habit of always
typing LIST before RUN. Predictionsare meaningful only
if they areassociated with their input values.

When you first type the keyword LOG, you are asked to
specify afile name. When you arefinished running the
program, you will bereminded that you havelogged some
information toafile and that you should print that file
immediately and then deleteit. Itisimportant that you
follow thisadvice toavoid wasting disk space on un-
needed files.

Programsare written in standard Fortran so that they
can easily be transported toa variety of computers. File
handling, however, i s not standard among computers.
Naming of files, aswell as procedures for printing and
deleting them, dependson the computer being used, not
onthe BEHAVE system.
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AddingUser CommentstoOutput
(COMMENT)

Thekeyword COMMENT allows you to document your
logged runs. After you enter the keyword COMMENT,
you may typein as many lines of description asyou wish.
Up to 80 characters may be typed per line; each line must
befollowed by areturn. Two asterisks typed on aline by
themselves, followed by areturn, indicatethat you are
finished with your comment.

ChangingUnits (ENGLISH, METRIC,
PERCENT, and DEGREEYS)

The previous version of BEHAVE used only English
units of measurement. You now have achoice of either
English or metric. The units mode can be changed at any
time by typing the keywordsENGLISH or METRIC. The
defaultis ENGLISH. Itis possible, for example, toenter
inputin English units, enter the keyword METRIC, and
then obtain the output in metric units. An example of
thisisgivenin appendix A.

Both English and metric unitsaregiven on the input/
output sheetsin appendix B. Wehave used the metric
units that are acceptable to many fire specialists. Those
who wish to permanently change the units used in their
program may contact the authors. We will tell you where
to change the source code.

You can specify slope steepnessin either percentageor
degrees whether you are using English or metric units.
The mode can be changed at any time, using the keywords
PERCENT or DEGREES. Thedefaultis PERCENT.

Checking theStatusof Filesand of
Mode Keywords (STATUS)

The keyword STATUSallowsyou to check the statusof
the mode keywords and to see the names dof thefuel model
fileand thelogfilethat you areusing. An exampleis
shown in figure 4. Other examplesaregivenin
appendix A.

**#% PTRE1 STATUS REQUEST ****

PROMPT MODE : WORDY
DISPLAY MODE : PAUSE

LOG FILE NAME : LOGFILE
LOG FUNCTION : ON

FUEL FILE NAME UNDECLARED
DISPLAY UNITS : ENGLISH
SLOPE UNITS : PERCENT

Figure 4—Use d the key-
word STATUS gives the
current statusd each d the
mode keywords.

CROWN SCORCH HEIGHT (SCORCH)

The SCORCH module of the FIRE1 program predicts
lethal crown scorch height from flamelength, ambient
temperature, and midflame windspeed. Ascan beseenin
figure 3, SCORCH can be used aseither an independent
module or it can belinked to DIRECT. Predictionsfrom
SCORCH can also be carried over tothe MORTALITY
module, asdescribed in the next section.

Themodel developed by Van Wagner (1973) estimates
the maximum height in the convection column at which
the lethal temperature for live crown foliage i s reached.
Thistemperatureisassumed to be140 °F (60 °C). The
scorch height model i sbased on the relationship of fireline
intensity totemperature above thefire and on the shape
of the convection column asitis affected by light winds.
Flame length i sused asameasure of the intensity of the
heat source. Themodel isbased on 13test fires: eightin
astand of red pineand white pine, twoin jack pine, one
in red oak, and twoin ared pine plantation.

Figure 5showsthe results of using SCORCH asan
independent module. In thiscasea rangeof flame
lengths and midflame windspeeds are examined. Notice
that for afixed flamelength of 4 feet, as windspeed in-
creases, scorch height decreases. Thisiscaused by the
flatteningeffect of wind asillustratedin figure 6. Al-
though two firesmay each have flame lengths of 4 feet,
scorch heights will differ if the windspeeds are different.

Figure 7 showstheresults of SCORCH being linked to
DIRECT. Onasinglefire, when the windspeed increases,
theflamelength alsoincreases. Thiseffect can be seenin
figure 7A where flamelengthiscalculated for a range of
windspeeds. If flamelength remains constant with in-
creasing windspeed (asin figure 5),then it must have
been balanced by a change in another variable, such as
increasingfuel moisture. Notice that, for thisexample,
three combinations of 1-hour fuel moisture and windspeed
resultin 4-foot flamelengths. Theresulting scorch height
predictionsarecircled infigure 7B. Notice where those
three valuesappear on the tableinfigure 5.

When SCORCH is used independently, flamelengthis
an input value. When SCORCH islinked to DIRECT (fig.
3),flamelength iscalculated. SCORCH can belinked to
DIRECT when the steady-state assumptions(Part 1, p. 9)
are appropriate. SCORCH can be used independently
when theflamelengthiscontrolled by the pattern o
ignition.

Effective windspeed i s used in the calculation of flame
length in DIRECT (Part 1, p. 16). Midflame windspeed is
used in the scorch height calculation in SCORCH. The
DIRECT runinfigure 84 illustrates that the effective
windspeed for flanking and backing fires (spread direc-
tions 90 and 180 degrees) i s much less than for the head
fire(spread direction 0 degrees). Midflame windspeed
and calculated flamelengthsin figure 8B are carried over
for the scorch height calculations shown in figure 8C. For
the head fire, theincreasing flamelengths easily offset
theflatteningeffect of wind, and scorch height increases.
But thelow flamelengthsfor the flanking and backing
firesaretilted enough by the midflame wind that the
scorch height decreases.



SOORCH

1--AMBIENT AR TEMP, F 75.0
2-- FLAME LENGTH FT 1.0 2.0 3.0 40 50 60 70
3--M DFLAVE W NDSPEED, MI/H .0 1.0 20 3.0 4.0 5.0 6.0
............... Féiéﬁﬁ..gf...”....”..'”....”...”..'”....”..... o)
FLAI\/E ..... s MI DFLAME : WI\DSPEEDMI /H ..................
LENGTH |
I 0 1 2 3. 4 5 6
(FT) R
|
1. | 2. 1 1. 1 0]
|
2 | 8 8 7. 6 5 3 3
|
| 15. 15. 14. 13. 11. 9, 7.

23. 23, 22. 21. 18. 16. 14.]

32. 32. 31 30. 27. 25. 22.
41, 41, 41, 40. 37. 34, 31.
52. 52. 51. 50. 48, s, 4z.

Figure 5—Example independent SCORCH run. Note that for a fixed
flame length, as windspeed increases, crown scorch height decreases

Figure 6—A 4-foot flame with no wind results in higher crown scorch
height than a 4-foot flame which is flattened by the wind.



D RECT
1--FUEL MIDEL

2 -- TIMBER (GRASS AND UNDERSTCRY)

2--1-HR FUEL MO STURE, % 40 6.0 80 10.0 12.0
3--10-HR FUEL MJ STURE, % 6.0
4--100-HR FUEL MO STURE, % 6.0
5--LI VE HERBACEQUS MJ'S, % 200.0
7--M DFLAVE W NDSPEED, M1I/H 0o 1.0 20 30 40 50 6.0
8--TERRAIN SLCPE, ¥ 0
9--Dl RECTI ON CF WND VECTCR 0
10--DIRECTION CF SPREAD 0 (D RECTION CF MAX SPREAD)
CALOULATI ONS
DEGREES OLOOKW SE
FRCM THE WND VECTCR
A FLAI\/ELEI\GTH,IT ................................................ o)
1|—R | ........ M I.I.JFL.I\-PJE;.\./WI\D Ml/ii .............
MIS |
| 0. 1. 2. 3. 4, 5 6.
(%) II --------------------------------------------------------
4 I 1.7 2.2 3.0 5.0 5.9 6.8
|
6. 1 1.5 2.0 2.8 3.7 4.5 5.4 6.2
I
8 1 1.4 1.9 2.9 3.5 4.3 5.1 5.9
T
10. I 1.3 1.7 2.5 3.2 4.7 5.5
I
12. I 1.1 1.4 2.0 2.7 3.3 4.6
SCORCH-LINKED-TO-DIRECT
1--AMBIENT AR TEMP, F 75.0
2--FLAME LENGTH, rT QUTPUT FROM D RECT. RANCE - 1.1 TO
3--M DFLAME WNDSPEED. M1/H SAVED FROM D RECT. RANCE - 0 TO
B O?O/WSCIPO—H—EIG—ITIT ........................................... o
..... ll—RlMIDFLAMEWl\DMI/H
M1S I
| 0. 2. 3. 4 5. 6.
(%) e b b L L L
1
y, 1 6. 9. 15. @ 27 33. 39.
1
6. 1 6. 8. 13. 18. 23. 28. 34,
1
8. 1 5. 8. 12. 16. 21. 26. 30.
1
10, 1 5. 7 10. 14, P55 26.
I
12. I b, 5. 8. 10. 13. 18.

Figure 7—SCORCH linked to DIRECT. Three combinations of 1-hour
moisture and windspeed give predicted flame lengths of 4 feet as indi-
cated in 7A. The corresponding scorch height predictions are givenin 78.



D RECT
1--FUEL MDEL
2--1-HR FUEL MO STURE. %
3--10-HR FUEL MJ STURE, %
4--100-HR FUEL MO STURE, %
6-- LI VE WOODY MO STURE, %
7--M DFLAVE WNDSPEED.  MI/H
8--TERRAI N SLCPE, %
9-- Dl RECTI ON GF WND VECTCR
10-- D RECTI ON OF SPREAD
CALAQULATI ONS
DEGREES OLOOKW SE
FROM THE WND VECTCR

7 -- SOUTHERN ROUH

SESYSES

1
1
1
15
2.0

4.0 6.0

90.0 180.0

MIDFLAME | SPREAD Dl RECTI O\, OEG
WND |
I 0 90. 180.
4 T S
I
0. I 0 .0 .0
I
2. I 2.0 4 .0
I
Y, I 4.0 .6 .1
1
6. T 6.0 .6 oA
B FLAME LENGTH FT (V4.0)
MIDFLAME |  SPREAD DI RECTI ON DEG
WND |
I 0. 90. 180
(MI/H) Tmmmmmmm o s mmm s o o e e
1
0. I 1.2 1.2 1.2
1
2 I 2.8 1.5 1.2
I
4, I 4.1 1.6 1.2
I
6. I 5.3 1.7 1.2
SCORCH-LINKED-TO-DIRECT
1--AMBIENT AR TEWP. F 80.0
2--FLAME LENGTH  &T QUTPUT FROM DI RECT. RANCE - 1.2TO 5.3
3--M DFLAME WNDSPEED, MI/H SAVED FRM D RECT. RANGE : 0TO 6.0
(ROM SCORH HE GHT. &r 7777 (V4. 0)
D e T T g e L L L S L L L e
MIDFLAME | SPREAD D RECTI ON DEG
WND I
I 0. 90. 180
(MI/H) Lo S e e e ————
I
0. I 4 4. 4
I
2. I 14. 5 3
4, I 21. 3. 2.
I
6. I 26. 2. 1.

Figure 8—SCORCH linked to DIRECT. SCO
rather than effective windspeed.

RCH uses midflame windspeed



CONVECTION

SHALLOW SLOPE

FLAME DETACHED
FROM SLOPE

STEEP

FLAME ATTACHED
TO SLOPE

Figure 9—Flame detached from a shallow slope and flames attached to a steep slope.

STEEP SLOPE

FLAME ATTACHED
TO SLOPE

Figure 10--Scorching conditions on a steep slope.

The scorch height model was developed for flat ground.
It should be used on slopes only with care. As pointed out
in the previousexample, the scorch height calculations
use midflame windspeed, not effective windspeed. If
SCORCH isused when percentage o slopeisgreater than
zero, the slopeisessentially ignored except in the effect
that it hason the flame length calculationsin DIRECT.
SCORCH uses midflame windspeed as if the fire were on
flat ground.

When using scorch height predictions in mountainous
terrain, one must realize that the flame may or may not
attach itself to the ope. When it doesattach, the hot
convective gases and smoke flow up the slope close to the
surface rather than rising vertically asshown in figure 9.
Asstated by Rothermel (1985): "If an overstory of treesis
present, the scorch height of trees on a steep dope will be
affected. Attachment of the flame to the slope will reduce

the scorch height in trees above the flames from what
would be expected on level ground where the flames stand
vertically. But further up the slopeat a ridge line where
the convection column breaks from the surface and rises,
the concentration of hot gases will scorch higher than
expected on theflat." (Seefig. 10.) Rothermel further
pointsout that thereis no definitive research on the prob-
lem o flame attachment. It appearsfrom both |ab work
and discussions with users that the flame becomesat-
tached near 50 percent slope when there is no prevailing
wind.

Care should be taken in applying the scorch height
predictions outside of the range of conditions for the 13
test fires used in developing the model. Fireline intensi-
tiesfor those fires werefrom 19 to 363 Btu/ft/s, which
according to the equations used in BEHAVE, convert to
flame lengthsd 1.8 to 6.8 feet. The scorch heights were



from 6.5 to 56 feet. Temperatures were 73to0 88 °F and
midflame windspeeds were 1.5 to 3 mi/h. Accordingto
Van Wagner (1973):'Since scorch height for the present
set o firesis so well correlated with fireintensity alone,
thereis not much room for improvement by adding the
effectsof air temperature and wind . ... If air tempera-
tureor wind differ markedly from average, then their
additional effects may be tentatively estimated from the
theory presented."

Other limitations of SCORCH arerelated to the model
that i s used to calculateflamelength in DIRECT. In
developing the crown scorch model, Van Wagner calcu-
| ated fireline intensity from measurements of rate of
spread and of fuel weight beforeand after burning. In
BEHAVE, we use calculated flame length and fireline
intensity as described on p. 10-11 of Part 1. Thiscalcula
tion isweighted to the fine fuels and does not include
larger fuels that burn after the flamingfront has passed.
An alternative to using calculated flamelength isto use
SCORCH independent of DIRECT and enter flame length
directly.

The modelsin DIRECT also assume that fuels are uni-
form and continuous. SCORCH then gives average values
over an area, although variation within a singlefire may
be considerable.

Aswith all mathematical models that are used for fire
behavior prediction, the scorch height model haslimitia-
tions. Even though fire managers are aware of those
limitations, they useit frequently in prescribed fire plan-
ning. SCORCH was added to BEHAVE because of over-
whelming user request. The appeal isthatitisasimple
model with fewinputs. It gives a quantitative link be-
tween fire behavior and fire effects.

TREE MORTALITY LEVEL
(MORTALITY)

The MORTALITY module of the FIRE1 program pre-
dicts percentage of tree mortality from scorch height,
tree height, crown ratio, and bark thickness(which can
be determined from tree species and tree diameter). It
can be used in designingfire prescriptions that achieve
acceptabletree survival. Asshownin figure 3,
MORTALITY can be used asan independent module.

It can also be linked to SCORCH, whichin turn can either
be used independently or linked to DIRECT as described
in the previous section.

The model was developed by Ryan and Reinhardt
(1988). Formulation for managers including a nomogram
and discussion of applicationsisgiven in Reinhardt and
Ryan (1988). The model isbased on tree mortality data
taken on 43 prescribed firesin four Western States. This
included 2,356 individual treesand seven western conifer
species. Mortality was monitored for at least 2 years
following thefire.

The model i sbased on the assumption that trees of
different speciesare similar in their response to a given
level of injury and that thelevel of damage depends on
thefireand on tree characteristics (bark thickness, tree
height, crown ratio). The basic model in MORTALITY
calculates percentage of mortality from bark thickness
and percentage o crown volume scorched. In order to
make the model more useful asa predictive tool, bark
thickness can be either entered directly or determined by
tree diameter and species, and percentage of crown vol-
ume scorched iscalculated from scorch height, tree
height, and crown ratio. The relationship among the
input values, intermediate values, and percentage of mor-
talityisshowninfigure 11. Anillustration of several
crown ratio valuesisshown in figure 12.

[
SCORCH HEIGHT ——
PERCENT
TREE LENGTH
TREE HEIGHT SCORCHED
PERCENT
CROWN
VOLUME
CROWN RATIO | SCORCHED —
PERCENT
MORTALITY
SPECIES .
BARK
THICKNESS
TREE DIAMETER

Figure 11—MORTALITY module user input, intermediate vaues,

ad find reault.
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CROWN RATIO

.8

.6

4

Figure 12—llludration of three crown ratio
values. Crown rétio is an input to MORTALITY.
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Figure13—Bak thickness is estimated from tree diameter and species.

The model assumes that the amount of cambium dam-
age i sdependent on bark thickness. Bark thickness-tree
diameter relationshipsfor the speciesincludedin the
study are given infigure 13. Only these areincluded in
MORTALITY because the model hasnot yet been tested
on other species. But with thisin mind, you can choose
the species with the bark thicknessrelationship that best
fits the species you are concerned with or you can enter
bark thickness directly.

Mortality predictions can be applied either to a stand or
toanindividual tree. A prediction of 30 percent mortality
means that if 100 similar trees are subjected to the same

. fire, 30 of them are expected todie. Each treeeither lives

-or dies. Thereisa 30 percent probability that an individ-
_ual tree will die.

The basic assumptions of the model must be keptin
mind when applying predictionsof mortality to a specific
area. "Themodel hasan underlying assumption of a fire
of average duration. Fires of very long duration will kill
cambium through even the thickest bark, and will result
in higher than predicted mortality. Thick layersaf dry
duff may resultinlong periods of smoldering even after
thefirehasmoved through the area. Heavy concentra-
tions of logs near treeswill alsoresult in extended dura-
tion of burning and a corresponding underprediction of
mortality" (Reinhardt and Ryan 1988). On the other
hand, mortality may be overpredicted if fuel is very light
or patchy.



FUELMODEL
MOISTURE FLAME _,
LENGTH SCORCH
HEIGHT
SLOPE m I PERCENT
TEMPERATURE MORTALITY
TREE
WIND DESCRIPTION

Figure 14—Information flow in MCRTALITY  linked to DIRECT and SCORCH. When
SOORCH s linked to MORTALITY, flame length is input rather than calculated. When
MCRTALITY is used as an independent module, scorch haght is input rather then

caculated.
MORTALI TY
1- - SCORCH HEI GHT, FT 20.0
2--TREE HEI GHT, FT 40.0 60.0 80.0 100.0
3--CROMW RATI O .9
4- - BARK THI CKNESS, I N .2 .3 A .5 .6

FROM SPECI ES
DBH IN

3=ENGELMANN SPRUCE. WESTERN RED CEDAR
5.0 10.0 15.0 20.0 25.0

25.

TREE | TREE DBH IN
HEI GHT |
|
(FT) I-——---=eeer——=-
I
4o I
I
60. I

\ua

38.

29,

Figure 15—Independent MCRTALITY run. A ranged vauesis used far
tree haghtsand diameters, scorch haght is set o a congtant value. Unre
digticcombinationsd tree height and diameter have been crossed of .

The MORTALITY module can be used in three ways:
independent, linked to SCORCH, or linked to DIRECT
and SCORCH as shown in figure 3. The choice depends
on the application and on available information. Scorch
height can beeither entered directly (MORTALITY inde-
pendent) or calculated by SCORCH. Flame length can be
either entered directly (SCORCH-MORTALITYIlink) or
calculated by DIRECT (DIRECT-SCORCH-MORTALITY
link).

DIRECT-SCORCH-MORTALITYIlink informationis
shown in figure 14. DIRECT calculatesflame length from
fuel model, moisture, wind, and slope. SCORCH uses
flamelength and wind from DIRECT and ambient tem-
peratureto calculate crown scorch height. MORTALITY

12

then uses scorch height and a description of the tree to
calculate mortality. Thisoption can be used if a predic-
tion of thelevel of mortality is based on predicted fire
behavior. The assumptions of the modelsin DIRECT and
SCORCH must be met, most notably the steady-state
assumption for theflamelength calculation (Part 1, p. 9).
If flame length iscontrolled by the pattern of ignition or if
flame length is observed, then the SCORCH-MORTALITY
link option can be used, allowing you to input flame
length directly. If conditionsviolate the assumptions of
the scorch height model (for example steep slopes), or if
observed scorch height isavailable, then MORTALITY
can be used as an independent module.



")

A run of MORTALITY asan independent moduleis
shown infigure 15. Thisexampleisfor arange of tree
heights and tree diameters. Scorch height and crown
ratioare held constant. Mortality level rangesfrom 29 to
96 percent. Some of the combinationsof tree heightsand
diametersare unrealistic. Rather than setting arbitrary
cutoff values, welet you make the decision and cross off
values as we have donein figure 15.

SOCRCH
1--AMBIENT AR TEMP, F ----  80.
2--FLAME LENGIH FT ------- 2.
3--M DFLAVE W NDSPEED, M1/H 2.
(V4. 0)
FLAME | CROMN
LENGTH | SOCRCH
| HEl CGHT
(FT) I (FT)
1
2.0 I 8.
I
4.0 I 24,
I
6.0 I Ll
1
8.0 I 67.
I
10.0 1 9k,

MORTALI TY- LI NKED TO SCORCH

S oo

Figure 16 givesan example of MORTALITY linked to
SCORCH. Scorch height iscalculated for a range of flame
lengths. Mortality level isthen calculated for trees of a
specified height, crown ratio, species, and diameter.

Figure 17 i san example of the complete DIRECT-
SCORCH-MORTALITY link. Inthiscase, flamelengthis
calculated for a range of windspeeds. SCORCH givesthe
corresponding scorch height values, and MORTALITY
gives percentage of mortality expected under these
conditions.

4.0 6.0 80 100

1-- SOORCH HEl GHT. FT ------
2-- TREE HEl GHT, &T --------
3-~CROWN RATIQ —~—----------

4--BARK TH OKNESS, IN

FROM SPEQ ES
DBH IN
(v4.0)
FLAME | MCRTALI TY
LENGTH | LEVEL
I
(FT) I (%)
1
2.0 1 5.
I
ho 1 7
1
6.0 I b1,
I
8.0 1 89.
1
10.0 1 92.

QUTPUT FROM SOORCH  RANCE = 8. TO
80.0

.a

}QV%ESTERN LARCH DAUALAS-FI R
20.0

CROMN
VALUME
SOORCH

(%)

0.
24,
69.
96.

100.

Figure 16—MORTALITY linked to SCORCH. A range of flame lengths is

input into SCORCH.
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D RECT
1-- FUEL MDEL
2--1-HR FUEL MJ STURE, %
3--10-HR FUEL MO STURE, %
4--100-HR FUEL MO STURE, %
5--LI VE HERBACEOUS MO S, %
7--M DFLAME WNDSPEED. MI/H
8-- TERRAI N SLCPE, %
9--Dl RECTION (OF WND VECTCR
10- - DI RECTI ON CF SPREAD

CALQULATI ONS

DEGREES OLOCKW SE

FROM THE WND VECTCR

(V4. 0)
MIDFLAME | RATE CF HEAT PER
WND | SPREAD UNT AREA

1
(MI/H) I
I
3. I 13, 492,
I
4. I 20. 492,
: I
5. I 30. gz,

SOCRCH LI NKED- TO DI RECT
1--AMBIENT AR TEMP. F
2--FLAME LENGTH FT

3--M DFLAVE WNDSPEED MI/H

(V4. 0)
MIDFLAME | CROM
WND | SOCRCH
I HEl GHT
(MI/H) 1 (FT)
[
3. I 21.
4. I 27.
|
5. I 33-

2 -- TIMBER ((GRASS AND UNDERSTCRY)

OO

200.

40 50

w o

0
0
0
0
0
0
0
0

(DI RECTI ON GF MAX SPREAD)

FIRELINE FLAME REACTICN EFFECT.
INTENSITY LENGTH INTENSITY WND

(CH/H) (BTU/SQFT) (BTU/FT/S) (FT) (BTU/SQFT/M) (MI/H)

116. 4.0 3567. 3.0

184, 5.0 3567. 4.0

268. 5.9 3567. 5.0
75.0
QUTPUT FROM DI RECT. RANGE - 4.0 TO 5.
SAVED FROM DI RECT. RANCE - 3.0 TO 5.

MORTALI TY- LI NKED TO DI RECT- AND- SOORCH

1--SCORCH HEl GHT. FT
2--TREE HEI GHT, FT
3-- CROM RATI O
4--BARK TH CKNESS. IN
FROM SPEC ES
DBH IN

(V4.0)
MIDFLAME | MRTALI TY
WND LEVEL
(MI/H) (%)
3. 68.
. 71.

92.

o e

5.

QUTPUT FRAM SOCRCH RANGE = 21. TO  33.
50.0

5

1

4=LODGEPOLE PI NE. SUBALPI NE FIR
10.0

CROM

VALUME

SOCRCH
(%)

0.
15.
55.

Figure 17—MORTALITY linked to DIRECT and SCORCH. Flame
length is calculated for a range of windspeeds in DIRECT.
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MAXIMUM SPOTTING DISTANCE
FROM WIND-DRIVEN SURFACE
FIRES (SPOT)

The SPOT moduleof the FIRE1 program predictsthe
maximum distance that a firebrand will travel from torch-
ing trees, a burning pile of debris, or from a wind-driven
surfacefire. Useof SPOT for torching treesand burning
pilesisdescribed in Part 1 (p. 47-49). Theonly change to
those optionsisthat additional tree species have been
added to the torching tree option: slash pine, longleaf
pine, pond pine, shortleaf pine, and loblolly pine (Albini
1979). Theoption of spotting from wind-driven surface
fires (Albini 1983; Chase 1984; Morris1987) hasbeen
added and i s described here.

The option of spotting from a wind-driven surfacefire
can be either an independent SPOT run or linked with
DIRECT. Input requirements are flame length, wind-
speed, and a description of the terrain. Inalinked run,
flame length and windspeed, are carried over from
DIRECT to SPOT.

The basic assumptions that apply to all options of the
spotting model arerepeated here. The model isdesigned
to predict intermediate-range spotting, not short-range
spotting such as debrisblowingjust acrossafireline.

We are concerned with spotsthat occur far enough from
the mainfire to grow asindependent fires. But weare
not dealing with the problem of very extremefire behavior
conditions, where spotting is caused by large firebrands
(even logs) being carried into the combustion column.
Predictionsarefor maxi mumspotting distance because
ideal conditionsare assumed. Firebrands are assumed to
be sufficiently small to be carried some distance, yet large
enough to still be able to start a fire when they reach the
ground. The model, however, does not address the prob-
lem of firebrands such aseucalyptus bark that literally fly
through the air.

The process by which firebrands are transported from
wind-driven surface firesis postulated to be that of lofting
of particles by line thermalsthat are generated by vari-
ationsin theintensity of thefire. The model isbased on
the assumption that thefire front isapproximated by a
straight line perpendicular to the direction of the wind.
Predictions therefore apply to wind-driven head fires, not
flanking or backing firesand not fires whose spread is
influenced more by the slope than by the wind.

Use of the predictionsof spotting distance from wind-
driven surfacefiresisrestricted to cases where thereis no
overstory. Mean cover height is set to zero. Firesburning
under standing timber seldom cause spot firesat any
significant distance unlessthe treesof the overstory be-
comeinvolved in thefire. Theoverstory isa barrier that
interceptsfirebrands and alsointerferes with develop-
ment of a strong updraft that can lift firebrand particles.
Some fuel models ordinarily have overstories, but are
sometimes used to represent fuels without overstory
cover. For example, fuel model 10 (timber litter and
understory) is sometimes used to represent timber har-
vest debrisovergrown with shrubs or other vegetation.
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Figure 18—A firebrand from a torching tree or a
burning pileis lifted straight up and then carried
by the prevalingwind. Thisiscompared to a
firebrand fram a wind-driven surface fire, which is
carried some distance dowrwind fram the fire-
front where the theemd originated beforeit is
carried by the prevailing wind.

All three spotting source location options use the same
method of calculating the distance that afirebrandis
carried by the prevailingwind. The differenceisin
calculatinginitial lofting height. For the torching tree
option, a description of the treesis used to calculate tran-
sitory flame characteristics. For the burning pile option,
continuousflame height is entered directly. For the
wind-driven surface fire option, flame length is used as
anindicator of the energy in a thermal from a linefire.
When the particle exits the rising thermal, it will be some
distance downwind from thefirefront where the thermal
originated. Figure18illustrates the differencein the
trajectoriesof a firebrand from a torching treeand from
a wind-driven surfacefire.

SPOT is offered both independently and linked to
DIRECT asshown infigure 3. Theindependent option is
included to allow the flexibility of examining the spotting
distance model on itsown. You are allowed to enter any
valuefor the required input asdonein figures19 and 20
described below. But the most common use of the wind-
driven surface fire option of SPOT will probably be linked
to DIRECT, which calculates flame lengths, asshown in
figures 21 and 22. Because flamelengthis not used in the
torching tree or burning pile options, only the wind-driven
surfacefire option can belinked to DIRECT.

Figure 19 showsindependent SPOT runsfor two spot-
ting source options: burning pile and wind-driven surface
fire. In both cases, the mean cover height iszero. The
same range of windspeeds was used in each case. And the
same values were used for continuousflame height and
for flamelength. Notice that the predicted spotting dis-
tancesarelonger for the wind-driven surfacefire option.
Thisexampleis used to point out the differencein con-
tinuous flame height from a burning pile of debrisand the
flame length from a wind-driven surfacefire. Italsoillus-
tratesthe effect of the differencein lofting mechanisms.



1--FIREBRAND - -
2--MEAN COVER HEl I, FT .0
3--20-FOOT W NDSPEED, MI/H 5.0 10.0 15.0 20.0 25.0 30.0 35.0
4--RIDGE/VALLEY ELEVATI ON
D FFERENCE, T .0
11-- CONTI NUQUS FLAMVE HT. FT 40 8.0 120 16.0 20.0 24.0 28.0

M MUM SPOTTI NG DI STANCE, M (V4.0)
............... ICﬂ\lTINﬂ,SFLANEI-EIG-lTFT
20-FT |
WNDSPEED | 4 8 12 16 20. 24 28
(MI/H) I==m=mm=ceecmcceeccccceccececemccme———c e ——————————
4
5. I 0 1 1 - 1 1 1
I
10. I 1 1 1 2 2 2 2
o
15. 1 1 2 .2 2 3 3 3
I
20. I 1 .2 .3 .3 4y b4 .5
I
25. I .2 .3 -3 b .5 B .6
I
30. 1 2 .3 b 5 .6 .6
I
35. I .2 4 .5 6 rd 7 .8

2-- MeEAN COVER Hel GHI, FT [0)
3--20-FOOT WNDSPEED, MI/H 5.0 10.0 15.0 20.0 25.0 30.0 35.0
4--RIDGE/VALLEY ELEVATI ON

D FFERENCE, FT .0
12--FLAME LENGTH, FT 4.0 80 120 16.0 20.0 24.0 28.0
e o
"""""""" | FALAELENGH FT
20-FT |
WNDSPEED | b 8 12 16. 20 24 28
(MI/H)  Iemcosmmomsoccecocomcicmccmcomocccesammmacasamannnan
|
5. | 1 2 .2 2 3 .3 M
L
10. I 2 2 .3 4 .5 6
I
15, I 2 3 4 5 3 “7 8
1
20 I 2 Yy 5 6 T .8 9
1
25. 1 3 5 6 7 9 1.0 1.1
1
30. 1 .3 .5 7 8 1.0 1.1 1.2
1
35, 1 R .6 .8 9 1.1 1.2 1.4

Figure 19—Independent SPOT runs for two spotting source options:
burning pile and wind-driven surface fire.
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A spor
1- - FI REBRAND SOURCE- - - - - - - - 3--WI\DDQIVENSLRFACEFIRE
2--MEAN COVER HEl GHT.  FT
3--20- FOOT W NDSPEED, MI/H so 10.0 15.0 20.0 25.0 30.0 35.0
4--RIDGE/VALLEY ELEVATI ON

Dl FFERENCE, FT 0. 1000. 2000. 3000. 4000.
5--RIDGE/VALLEY HOR ZCONTAL
DSTANCE. M 10
[ 6--SPOTTING SOURCE LOCATI N 0. -- M DSLCPE, WNDWARD Sl CE |
12--FLAVE LENGIH, &T 20.0
MAXI MUM SPOTTI NG DI STANCE, M (V4.0)
20-FT I RIDGE/VALLEY ELEVATI ONAL DI FFERENCE, FT
WNDSPEED | 0. 1000. 2000. 3000. 4000.
B T e e e e
I
5 I 3 23 3 -3 b
1
10. I .5 5 6 .7
I
15. 1 .6 e 7 8 .9
1
20 1 B .8 .9 9 1.0
I
25. I .9 9 1.0 1.1 1.1
I
30. I 1.0 1.0 1.1 1.2 1.2
1
35. 1 T 1.1 1.2 1.2 1.3
B seor
1- - FI REBRAND SOURCE---- - -- - 3--WND DR VEN SURFACE FI RE
2-- MEAN QOVER HEI GHT, FT .0

3--20- FOOT W NDSPEED, MI/H 5.0 10.0 15.0 20.0 25.0 30.0 35.0
4--RIDGE/VALLEY ELEVATI ON

D FFERENCE. FT 0. 1000. 2000. 3000. 4000.
5--RIDGE/VALLEY HCOR ZONTAL
D STANCE. M 1.0
[6-—SPOTTING SOURCE LOCATTON 2. -- M DSLCPE._ LEEWARD SIDE ]
T AVE LENGTH FF 700
NAXI MM SPOTTI NG DI STANCE, M (V4.0)
C20-FT 1 RIDGE/VALLEY ELEVATI ONAL DI FFERENCE, FT
WNDSPEED | 0. 1000. 2000. 1000. 4000,
IR Temcwmemamimn s s D o s e S s
I
5. 1 .3 3 3 3
I
10. I .5 R A 4 N
1
15. I .6 .6 .5 .5 -5
i
20. I i i i ¢ .6 .6
I
25. I .9 .8 .8 7 7
T
30. I 1.0 .9 .9 .8 .8
I
5. I L1 1.0 10 .9 .8

Figure 20—Independent SPOT run for two spotting source locations,
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D RECT
1-- FUEL MODEL 6 -- DCRVANT BRUSH HARDWOD SLASH
2--1-HR FUEL MO STURE, % 8.0
3--10-HR FUEL MO STURE, % 10.0
4--100-HR FUEL MO STURE, 4 10.0
7--M DFLAME W NDSPEED, MI/H 50 10.0 150 20.0 25.0
8--TERRAI N SLCPE, % .0
9--DI RECTI ON G- WND VECTCR 0
10-- DI RECTI ON CF SPREAD 0

CALALATI ONS

DEGREES CLOCKW SE

FROM THE WND VECTCR

(DI RECTI ON CF MAX SPREAD)

(V4. 0)
MIDFLAME | RATE O HEAT PER FIRELINE | FLAME REACTION EFFECT.
WND | SPREAD UN T AREA INTENSITY |LENGTH| INTENSITY WIND
(MI/H) | (CH/H) (BTU/SQFT) (BTU/FT/S)| (FT) [BTU/SQFT/M)} (MI/H)
|
5. 1 20 436. 235. 5.5 | 1777. 5.0
|
1. | 72 436. 576. 8.4 1777. 10.0
|
15, 1 123. 436. 983. (10.7 | 1777, 15.0
|
20. I 159. 436. 1268. |12.0 | 1777. 18.2*
|
25, I 159. 436. 1268. |12.0 | 1777. 18.2*

* MBANSYQUHT THE WND LIMT.

SPOT- LI NKED TO DI RECT
1- - FI REBRAND SOURCE-------- 3--WND DRI VEN SURFACE FI RE
2--MEAN QOVER HEI GHT. &T .0
3--20- FOOT W NDSPEED, MI/H 12.5 25.0 37.5 50.0 62.5

FROM MIDFLAME W ND = 5.0 10.0 15.0 20.0 25.0

& BEXPCBED FUEL WAF = 4
4--RIDGE/VALLEY ELEVATI ON

D FFERENCE. FT .0

12--FLAMVE LENGTH T QUTPUT FROM DI RECT. RANGE= 5.5 TO

MIDFLAME
WND

(MI/H)
5.

10.

15.

20.

25. 1.1

Figure 21—SPOT linked to DIRECT. The maximum effective windspeed is

used in the flamelength calculations. The actual windspeed is used in the
spotting distance calculations.
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A D RECT
1- - FUEL MODEL 4 -- CHAPARRAL. 6 =T (180 QV)
2--1-HR FUEL MO STURE, % 10.0 15.0
3--10-HR FUEL MJ STURE, %
4--100-HR FUEL MJ STURE, %
6--LI VE WOCDY MO STURE. % 15
7--M DFLAVE WNDSPEED, MI/H  10.
8-- TERRAI N SLCPE, % 20.
9--DIRECTION CF WND VECT(R ;
DEGREES OLOCKW SE
FROM UPH LL |
10-- D RECTI ON CF SPREAD .0 (D RECTION CF MAX SPREAD)
CALCULATI ONS
DEGREES OLOCKW SE
FROM UPH LL

[@XerNoNél

20.0 30.0

(o=

0
0
0
0
0
0
0

T T T T T T T e T T T T T F I T T P E I T P r E T T P Emm oy = = = = = = ==

FLAVE LENGTH, #T (V4. 0)

...... AT T T T T T T T T I Y P T T F r T P r T T T e ——————— e

I-HR MIDFLAME WND. MI/H
M S

(%)

5. 27.1 42.0 sb4.6

10, 244 37.8 49.1

15. 11.2  17.5 22.7

SPOT- LI NKED TO DI RECT
1- - FI REBRAND SQURCE-------- 3--WND DRI VEN SURFACE FI RE
2--MEAN QOVER HEl GHT, FT .0
3--20- FOOT W NDSPEED, MI/H 16.7 33.3 50.0

FROM MIDFLAME WND = 10.0 20.0 30.0

& BEXPCBED FUEL WAF = .6
4--RIDGE/VALLEY ELEVATI N

D FFERENCE, FT 1000.0

5--RIDGE/VALLEY HOR ZONTAL

DISTANCE. MI 1.0
16- - SPOTTI NG SOURCE LOCATI ON 0.-- M DSLCPE, W NDWARD SI DE
-- ET . = 11.2 TO 54.6
T e o
..... e
M S I
I 10 20. 30
(%) [ m e e
I
5. I 9 1.8 2.8
I
10. I 8 1.7 2.6
I
15. I 5 1.0 1.5

Flgure 22— SPOT linked to DIRECT. The direction of the wind vector is
upslope in figure 22A and downslope in 22B.
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B D RECT

1-- FUEL MODEL 4 -- CHAPARRAL, 6 &T (180 QV)
2--1-HR FUEL MO STURE. % 5. 10.0 15.0

3--10-HR FUEL MJ STURE % 6.

4--100-HR FUEL MO STURE. % 6.
6--LI VE WOCDY MO STURE. % 15
7--M DFLAME WNDSPEED, MI/H 1

8--TERRAIN SLCPE, & 2
-- 18
DEGREES OLOCKW SE

0
0
0
0.0
0.0 20.0 30.0
0.0
0.0

- - ON CF MAXI MM SPREAD

CALCULATI ONS TO BE CALCULATED
DEGREES CLOCKW SE
FROM UPH LL
FLAVE LENGTH E&T (V4. 0)
1-HR MIDFLAME WND, MI/H

|
|
|
I
|
|  26.5 417 54.4
1
10. I 23.8 37.5 48.9
I
I

15. 11.0 17.3 22.6

SPOT- LI NKED- TO DI RECT

1- - FI REBRAND SOURCE- - --- - - - 3--WND DR VEN SURFACE FI RE
2--MEAN QOVER HEI GHT, &T .0
3--20- FOOT W NDSPEED, MI/H 16.7 33.3 50.0

FRCM MIDFLAME WND = 10.0 20.0 30.0

& BXPCBED FUEL WAF = .6

4--RIDGE/VALLEY ELEVATI ON
D FFERENCE, *T 1000. 0
5--RIDGE/VALLEY HCRI ZONTAL

DSTANE M 10
[6--SPOTTI NG SOURCE LOCATI ON 2. -~ M DELOPE, LEEVARD ST 0E |
T2~ FLANE LENGTH &7 OUTPUT FROM D RECT. RANGE= 110 TO  54.4
WMJ\ASPOITII\GDSTAI\[E Mo T (w0
1R MIDFLAME WND. MI/H
MIS |
| 10. 20, 30
(%) T s B
1
5. 1 7 1.7 2.7
¥
10 I 7 1.6 2.5
I
15. I I .9 1.5

Figure 22 (Con.)
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Figure 23—Mountainous terrain and spotting source location for the maximum spotting distance model.

Another use of SPOT asan independent moduleisto
examine the effect of achangein the terrain description
and spotting source location as shown in figure 20. Flame
length isassigned a constant value of 20 feet. The spot-
ting source location is,midslope on the windward side for
figure 20A and midslope on theleeward sidefor figure
20B. Recall that the spotting distance model definesthe
terrain with the smooth curve shown in figure 23.

Because predictions arefor spotting from the head of a
wind-drivenfire, thelink to DIRECT isallowed only when
calculations are donefor the direction of maximum spread
asspecifiedinline 10 input to DIRECT. In addition,
spotting distance predictions are not given when the dif-
ference between the direction of the wind vector and the
calculated direction of maximum spread is more than 30
degrees. In that case thefire nolonger meetsthe as-
sumptions of awind-driven head fire. The direction of
spread of thehead fireissignificantly different from the
direction of the wind vector only for low windspeeds and
steep slope.

The windspeed that is required by SPOT isthe 20-foot
windspeed while the windspeed input into DIRECT isat
midflame height. Thewind adjustment factor was de-
signed toreduce 20-foot windspeed to midflame wind-
speed, and usein reverseis not recommended. But thisis
a nooverstory situation and we are not concerned with
slope winds. We therefore use the exposed-fuel wind
adjustment factor associated with each fuel model (Part 1,
p. 36) toconvert the midflame windspeed from DIRECT to
the 20-foot windspeed required by SPOT. Asillustrated
infigure 21, thelist for SPOT linked to DIRECT gives the
range of midflame windspeeds carried over from DIRECT,
the exposed-fuel wind adjustment factor for thefuel model
specified in DIRECT, and theresulting range of 20-foot
windspeeds that are used in SPOT. Notice that the wind
limitisreached in thisexample. The maximum effective
windspeed of 18.2 mi/h isused in theflamelength calcu-
lations, while the actual windspeed is carried over to
SPOT.
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Chaparral often burns under Santa Ana wind condi-
tions, resultingin high-intensity linefires. Figure 22
shows predicted flamelengths and spotting distances for
arange of fine dead fuel moisturesand midflame wind-
speeds. Inthefirst example, the wind is blowing upslope
and the spotting source i s midslope on the windward side.
In the second example, wind is blowing downslope and the
spotting source i s midslope on the leeward side. Flame
length and spotting distance predictions are, however,
nearly thesame. Thisisa wind-driven fireand the slope
has very little effect. You are responsiblefor the consis-
tency between the slope and wind direction input to
DIRECT and the terrain description and spotting source
location in SPOT. But do not be overly concerned with it.
Thereismuch variability in real world terrain ascom-
pared to the smooth curve used in the model (fig. 23).
Table output from SPOT can be used to examine the effect
of a range of valueson the predictions.

The maximum spotting distance predictions can be used
for both wildfireand for prescribed fire. About all that
can be done about the occurrence of spot fires on wildfires
isto predict where they might be andto watch for them.
Spot fires beyond the main front can be a major factor in
safety considerations and crew placement. In the plan-
ning stage of prescribed fire, spotting distance predictions
can be used to determine acceptable conditionsfor execut-
ing the burn. Predictions can be used to place holding
crews when the burn is conducted.

Albini (1983) pointsout that "because several elements
of the model process are both speculative and not subject
to direct validation, these results are to be considered
tentative. Field tests of the spotting distance predictions
are sought asameansof testing the utility of the model."
Keepin mind that these predictions arefor maximum
spotting distances, and that most firebrands are not ex-
pected to travel that distance.



MAP DISTANCE (MAP)

MAPisan independent module in the FIRE1 program
that translates calculated distances to measurementsthat
can be plotted on a map. These may be spread distance
from SIZE, maximum spotting distance from SPOT, or
rate of spread from DIRECT or SITE. The map scale can
be specified aseither representative fraction or asinches
per mile or centimeters per kilometer.

Figure 24 shows the equivalent map distance for three
values of maximum spotting distance. Figure 25 shows
the map spread distance for various values of rate of
spread and elapsed time.

SLOPE (SLOPE, PERCENT, AND
DEGREES)

A valuefor slopeisusedin the spread and intensity
calculationsin DIRECT and SITE. DIRECT requires
directinput of the slope value. SITE either accepts the
valuedirectly or offersthe option of calculating it from
map measurementsasdescribedin Part 1, p. 38. We now
offer the independent keyword SLOPE in the FIRE1 pro-
gram for calculating slope value from topographic map
measurements.

Calculation of slope steepnessis based on map scale,

contour interval, and the number of contour intervals over
aspecified map distance. Figure 26 showscalculated
slope valuesin percentage and then degrees.

NAP
1--NVAP SCALE. IN/MI-------- 3.00
1:21120
2-~UNITS OPTION-----=---=-= 2.=SPOT DI STANCE
4--SPOT D STANCE M 1.0 2.0 3.0
(Vb.0)
SPOT | MAP
D STANCE | SPOT FH RE
| D STANCE
(MI) I (IN)
1
1. I 3.0
I
2. 1 6.0
T
3 I 9.0

Figure 24—Example MAP run to convert spot-
ting distance to map distance.

AP
1--MAP SCALE. IN/MI-=~----- 2.00
1:31680
2=--UNITS OPTION------------ 3.=RATE OF SPREAD
5--RATE CF SPREAD. CH/H 20.0 30.0 40.0 5
6--ELAPSED TI ME, HR .5 1.0 15

nNO
oo

RATE | ELAPSED TI ME, HR

CF I

SPREAD | 5 1.0 1.5 2.0

(CH/H) Immmmmm e mmmmm e e e e e e s
I

20. 1 3 5 .8 1.0
1

30 I 4 8 1.1 1.5
1

40. I .5 1.0 1.5 2.0
1

50. I 6 1.3 1.9 2.5

Figure 25—Example MAP run © convert rate of spread and
elapsed time to map distance.
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SLOPE

1--MAP SCALE. IN/MI-------- 2.64
1:24000

2--CONTOUR | NTERVAL. FT 20.0

3--MAP DI STANCE. IN b

4- - NUMBER CONTOUR | NTERVALS

10.0 20.0 30.0 40.0 50.0

(V4.0)
NOVBER |
F || TERRAIN ELEVATION  HOR ZONTAL
ONTOR | SLCPE CHANGE DI STANCE
INTERVLS | (% ) (FT) (FT)
|
0. 1 25. 200. 800.
1
20. 1 50. 400, 800.
30. 1 75. 600. 800.
T
b0, 1 100. 800. 800.
50 1 125. 1000. 800.
(V4.0
RO
o || TERRAFN ELEVATION  HOR! ZONTAL
QNTOR | SLOPE DI STANCE
INTERLS | (DEG) (FT) (FT)
|
10, I 14, 200. 800.
20. 1 27. loo. 800.
‘a
30. I 37. 600. 800.
[ 0. 1 5. 800. 800. |
]
50. I 51. 1000. 800.

Figure 26—Example SLOPE run, fird under the mode

PERCENT, then under the mode DEGREES.

In theearlier version of the program, slope wasalways

specified as percentage. Thisisthestandardinthe
United States, but some prefer to use degrees. Thekey-
words PERCENT and DEGREES are used to set the
mode. The default modeis PERCENT. The mode can be
changed at any time, and remainsin effect until itis
changed again. The keyword DEGREES was entered
between the two runsinfigure 26.

Noticeinfigure 26 that a 27-degree slopeisequivalent
to a 50-percent slope; 45 degreesis equivalent to 100
percent. Those two cases arediagramed in figure 27.

PROBABILITY OF IGNITION
(IGNITE)

The IGNITE module of the FIRE2 program allows
calculation of probability that afirebrand will ignitefor-
est fuels, given 1-hour fuel moisture, ambient air tem-
perature, and shading of fuels due tocloud and
canopy cover. An IGNITE runisshown in figure 28.
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400 FT
27°
800 FT
400
100« tan (27°) =100+ 300 = 50%
800 FT

45

800 FT

100 « tan (45°) =100 . 899 - 100%
800

Figure ZI-A 27-degree dopeis
equivalent to a 50-percent slope; 45
degrees is equivdent to 100 percent

Asshownin figure 3, IGNITE isan independent module
inthe FIRE2 program. Itis, however, also automatically
part of the MOISTURE module, which is described in the
next section. Because theinput valuesfor IGNITE are
already availablefrom MOISTURE, probability of ignition
isalwaysgiven asan output value.

The equation used to cal cul ate probability of ignition
was developed by Schroeder (1969). It isbased on fuel
temperature and moisture content. The method of
obtaining fuel temperature ishandled differently inthe
independent module IGNITE than in the automatic
probability of ignition calculationsin MOISTURE.
IGNITE calculations result in the same valuesas the
table given by Rothermel (1983, p. 106). Depending on
the shade category, afixed valueisadded toair tempera-
tureto get fuel temperature. When probability of ignition
iscalculated as part of MOISTURE, fuel temperatureis
found using more sophisticated methods that are part of
the moisture model (Rothermel and others 1986).



INTE

1--DRY BULB TEMPERATURE, F 40.0 60.0 80.0 100.0 120.0
2--1-HR AL MO STURE. % 20 40 6.0 80 100 12.0 14.0
3--FUEL SHAO NG ¥ 40.0
PRBABILITY FIGNTION ¥ (v.0)
oRY | 1-HR ALEL MO STURE, ¥
BUB |
BWw | 2 4 6. 8. 10. 12. 14.
(F) O e e i S S
L
40.0 I 90. 70. 50. 40. 30. 20. 10.
1
60. 0 1 90. 70. 50. 40. 30. 20. 20.
|
80.0 I loo. 80. 60. 40. 30. 20. 20.
|
100.0 1 100.  80. 60. 50. 40. 30. 20.
1
120.0 I 100. 90. 70.  50. 40. 30. 20.

Figure 28—Example IGNITE run.

Probability of ignition is the chance that an ignition will
resultif afirebrand landson flammable material and that
itsheat isefficiently and rapidly transferred to the fuel
(Schroeder 1969). That is, for probability o ignition of
80 percent, 80 of 100 firebrands will causeignitions, all
conditions being equal and fitting the assumptions of the
model. But the probability that an ember mightignite
receptive fuel isonly one aspect of the spotting problem.
There remain questionson whether firebrands are pro-
duced, how many, what size and shape, where they land,
and soon. (Asdescribed in a previous section, the SPOT
module of the FIRE1 program predicts maximum spotting
distance.)

Although probability of ignition of 80 percent may not
tell you how many spot fires will occur, itisan indication
of the severity of the situation. Probability of ignition of
80 percent certainly indicatesa more severe situation
than probability of ignition of 20 percent. Most mathe-
matical modelsin BEHAVE give predictionsin absolute
terms. rateof spread in chains per hour, flamelength in
feet, spotting distance in miles, and soon. Probability of
ignition i sa percentage. But there are so many un-
knowns (asdescribed above) that interpretation must
largely be based on your experience. Thismay bein
terms such as"little chance of spot fires," 'probable spot
fires' or'spot fireslikely if firebrands are being
generated."

Ignition Component (1C), a component of the National
Fire Danger Rating System (Deeming and others 1977), i s
sometimesconfused with probability of ignition. Probabil-
ity of ignition includes a calculation of the heat of preigni-
tion, the net amount of heat necessary to raise the tem-
peraturedf afuel particlefromitsinitial temperature to
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itsignition temperature. The model is also based on the
resultsof a study by Blackmarr (1972), who measured the
influence of moisture content on the ignitability o slash
pinelitter by dropping lighted matches onto fuel beds
conditioned to different levels of moisture content.
Ignition Component (IC) was designed for rating fire
danger. ICisbased on probability of ignition. 1C also
includes a factor derived from the NFDRSfuel modd that
makesit a better indicator of human-caused fire occur-
rence. That factor is based on the finding that incidence
o human-caused fires increases with windspeeds over
8 mi/h even though windspeed has nothing to do with the
ignition process. Thisisexplained by Haines, Main, and
Crosby (1973):

If afire goesout quickly, there will have been afire
start, but not necessarily a reportabl efire. Debris-
burning fires offer a good example. If afirebrand from
atrash burner ignites dry grasson a Missouri oak-
hickory litter area duringa calm afternoon, thefire
should spread dowly and may be suppressed by the
person maintaining theburner. On a windy day,
however, the fire may escape and the operator will
havetocall for the assistance of afire suppression
unit.

Theconcept of 'reportable” firesisimportant torating
the fire danger for a large area so that the impact on afire
suppression organization can be estimated. On the other
hand, for a specific prescribed fire or wildfire, all ignitions
areimportant. We are concerned with the probability
that a firebrand will result in an ignition beyond the fire
front or control line. Therefore, Ignition Component is
used for fire danger rating; probability of ignition is used
for fire behavior prediction.



FI NE DEAD FUEL MOISTURE
(MOISTURE)

The MOISTURE module of the FIRE2 program and the
SITE module of the FIRE1 program are both based on the
fine dead fuel moisture model (Rothermel and others
1986). Although all fine dead fuels (0- to /4-inch diame-
ter) are not technically 1-hour timelag (Anderson 1985),
we continue to use the currently accepted naming
convention, 1-hour .

SITE allows a single calculation of rate of spread, flame
length, and intensity with 1-hour moisture content asan
intermediatevalue (Part 1, p. 8). MOISTURE is used to
calculate only 1-hour moisture content, offering both table
and graphic output. Becauseof the similarities between
SITE and MOISTURE, the same input/output sheetis
used for both. Itemsthat apply only toSITE or to MOIS-
TURE are so noted. (Theline numbersfor SITE have
changed from those givenin Part 1.)

Because the fine dead fuel moisture model i s described
in detail in Part 1(p. 28-35), only an overview i sgiven
here. A general flow diagram of the model is shown in
figure 29. There arefivemoistureinitialization optionsto
obtain an estimate of the moisture on the previous day.
Choice of the option dependson available information.
Two examplesare direct entry of the moisture value and
calculation based on up to 7 daysof complete weather.

An estimate of the shadeis obtained from cloud cover,
canopy cover, tree shape, time of year and day, latitude,
elevation. and aspect. Themoisture contentisfirst calcu-
lated for the early afternoon period. Moisture can be
calculated for other times of the day based on input of
additional weather. A summary of the input require-
mentsisgiven in Part 1 (fig. 13, p. 34). For the purposes
of thismodel, a day goesfrom 1200 to 1200 (noon to noon)
rather than from midnight to midnight.

MOISTURE offerstwo run options: burn time calcula-
tionsand hourly calculations. Thefirst option givescalcu-
lated valuesfor the specified burn time. A range of values
can be entered for one or twoinput valuesin order to
producelistsor tables of output values. (SITE does not
alow rangesfor input variables.) The second option re-
sultsin hourly values presented in the form of alist or

graphs. Thehourly values areintermediate values cal cu-
lated each hour from 1200 to the specified burn time (see
Part 1, fig. 14, p. 35). Single values must be assigned to
each input for this option.

Burn Time Calculations

Of the 59 possibleinput values to MOISTURE, 31 are
allowed to vary for the table option. You must choose one
or twoat a time. Thechoiceisnarrowed considerzbly
depending on your objective. If you areinterested in look-
ing at different fire locations, you will vary site descrip-
tionssuch aselevation or aspect. If you want tolook at
the effect of different conditionson the same fire you will
vary the weather input.

When doing runs to see the effect of the change of an
input value on theresults, be careful about making gener-
alizations. In one case there may belittle or no effect, but
in another a changein that input may be critical.
Easterlingand others (1986) did a sensitivity analysis of
the model and concluded: " combinations of factors have
more direct effect on fine fuel moisture than do single
factors. Because of theimportance of the interaction of
minor factors, itisnot recommended that any of the
model inputs be dropped due tolow model sensitivity."

Figure30isa MOISTURE run for a range o crown
closure values. Thisexampleisfor fuel model 2
(timber — grassand understory) and a burn time of 1500.
Intermediate valuesfrom the model are given in addition
to 1-hour fuel moisture. Asdescribed in a previous sec-
tion, probability of ignition isalways given as an output
with MOISTURE because all of the required input are
available. Notice the relationship between crown closure
and shade. Shadeisused in the calculation of fuel level
temperature and relative humidity.

Figure3lisa MOISTURE run for a range of tempera:
tureand relative humidity values at burn time. Thisis
a prediction for fuel model 5 (2-foot brush) with no over-
story and a burn time of 1500. For thisexample tables
are printed for 1-hour moisture and for probability of
ignition. Moisture valuesare given to a tenth of a percent
so that you can seethetrendsin the predictions. The
nearest percentage is good enough for application.

‘,7
¥

COREES-TION CALCULATEEARLY
SOLAR AFTERNOON FINE
HEATING FUEL MOISTURE

INITIALIZATION
Mo
CORRECTTION
FOR
ELEVATION
CURRENT SITE
& WEATHER
SITUATION

l

DIURNAL
ADJUSTMENT OF
FUEL MOISTURE

Figure 2%-Generd flow diagram of the fine fud moisture modd that isin SITE

and MOISTURE
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MJ STURE

1-=RUN OPTION-==-----=----- 1=BURN 11 NE CALOULATT ONS
7-—-MNTHOF BORN - -—-------- S.

3--DAY OF BURN--=------=uun 21,
4--LATITUDE---=-=--=======- 47. N

5--BURN TI ME (2400 HOURS)-- 1500.

508.=TIME OF SUNR SE

1851.=TIME OF SUNSET

6- - FUEL MODEL 2 = TIMBER ( GRASS AND UNDERSTCRY)

11--TERRAI N SLOPE, % 50.0
12--ELEVATI ON CF FI RE

LOCATION FT 3000.0
13-- ELEVATI ON OF WWEATHER

OBSERVATI ONS, FT------ SANVE AS FI RE LOCATI ON

14--ASPECT==========-======= S
15-- CROMN CLOSURE, % .0 10.0 20.0 30.0 40.0 50.0 60.0
16--FOLTAGE-==-—====r——mm==- PRESENT
17-- SHADE TOLERANCE--------- TCOLERANT
18--DOM NANT TREE TYPE------ 1=CONIFEROUS

19-- AVERAGE TREE HEI GHT, FT 60.0

20-- RATI O OF CROW LENGTH
TO TREE HEl GHT-------- 5
21-- RATI O OF CROWN LENGTH

TO CROM DI AVETER:- - - - - 3.0
22--BURN DAY 1400 TEMP. F 80.0
23--BURN DAY 1400 RH, % 30.0

24-- BURN DAY 1400 20- FOOT

WND SPEED. MI/H 5.0

25-- BURN DAY 1400 CLOUD

0

QOER % .
26--BURN DAY 1400 HAZI NESS- - 2=AVERAGE CLEAR FOREST ATMOSPHERE

***BURN TI ME WEATHER = 1400 WEATHER***

40- - EXPOSURE OF FUELS TO

THE WIND-=--mmco=emmmm 2=PARTIALLY SHELTERED
.3=WIND ADJUSTMENT FACTCR

43--MJ STURE | NI TI ALI ZATI ON

CODE-~=m-mmmmmmmmemmm = 4=INCOMPLETE WEATHER DATA

NO RAIN THE WEEK BEFCRE THE BURN
WEATHER PATTERN HOLDI NG

(v4. O
| I-HR DRY AR
CROM | FUEL BULB RH
CLOSURE | MOS TEW
(%) I (%) (F) (%)
I
0. I 4.2 80. 30.
I
10. I 4.4 80. 30.
I
20. I 5.0 80. 30.
1
30. I 5.8 80. 30.
I
40. I 6.8 80. 30
I
50. I 7.7 Bo.  30.
I
60. I 7.7 80. 30.

FUEL FUEL
LEVEL LEVEL
TEMP RH
(F) (%)
109. 11
103. 14,
96. 18.
90. 22,
84. 26.
80. 30.
80. 30.

M D FUEL
FLAME LEVEL
WND WND
(MI/H) (MI/H)
1.5 1.0
1.5 .9
1.5 .9
1.5 .9
1.5 .9
1.5 .9
1.5 .9
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SHADE

(%)

17.
33.
48.
61.
72.
81.

PRCB

I GN
(%)

70.
70.
60.
60

50.
4o.
4o.

Figure 30—Example MOISTURE
run for a range of crown closure
values. Note the relationship be-
tween crown closure and percent
shade.



MO STURE

1--RUN OPTION--======m-mamm
2--MONTH OF BURN-====-==-ux
3--DAY OF BURN-----==-==-=-
4--LATITUDE-=======mmmmmam
5--BURN Tl ME (2400 HOURS)--

é:BURN TI ME CALCULATI ONS
25.
40. N
1500.

435.=TIME COF SUNRI SE
1925.=TIME OF SUNSET

6- - FUEL MCDEL S5 = BRUSH(2 FT)
11--TERRAI N SLOPE, % 10.0
12-- ELEVATI ON OF FI RE

LCCATI ON, =T 2500.0

13- - ELEVATI ON OF WEATHER

CBSERVATI ONS.  FT--~--- gél\/E AS FI RE LOCATI ON

14--ASPECT-=---======-=-—~=~-
15-- CROM CLOSURE, % .0
22--BURN DAY 1400 TEMP, F 50.0 60.0 70.0 80.0 90.0100.0
23--BURN DAY 1400 RH, % 20.0 30.0 40.0 50.0 60.0 70.0
24--BURN DAY 1400 20- FOOT

WND SPEED. MI/H 10.0

25--BURN DAY 1400 CLOUD
COVER, % .0
26-- BURN DAY 1400 HAZI NESS- - 1=VERY CLEAR SKY

***BURN TI ME WEATHER = 1400 WEATHER®**

40--EXPOSURE OF FUELS TO

THE WIND--—-=m~-c=-me—=m 1=EXPOSED

U4=wIND ADJUSTMENT FACTCR

43--MJ STURE | NI TI ALI ZATI ON
4=INCOMPLETE WEATHER DATA

NO RAIN THE WEEK BEFORE THE BURN
WEATHER PATTERN HOLDI NG

Figure 31—Example MOISTURE run for ranges of burn time
temperature and relative humidity.

27



LR RE MOSTURE, 3 (.0
rrrnE;;grnﬁﬁfrrn...r.E;;;r;;x&eEé;;g;;ET:IR;E;;;T1;7r .....
pEII\\//E : 20. 30. 40. 50. 60. 70.
(F) f ----------------------------------------------------
50. | 4.2 57 7.0 8.1 9.0 9.6
60. ; 4,2 4.6 5.6 6.6 7.5 8.4
70. i 4.2 4.5 54 6.3 7.1 7.9
80. i 4.2 4.4 5.3 6.0 6.8 7.5
90. i 4,2 4.4 5.1 5.9 6.5 7.2
100. i 4.1 4.4 5.1 5.7 6.3 6.9
;;(B;H-Llﬁc;lg\l TI CN S e o)
frrngig&rrnﬁ1r7rrnﬁ11Ei;giﬁ};aéigéi;&{ié?;;iiE;;;:T;rr:1:7 ----
?Ell\\g II 20. 30. 40. 50. 60. 70.
(F) T m oo oo e
1
50. 1 60. 50. 4o. 40. 30. 30.
60. i 70. 60. 60. 50. 40. 40.
70. i 70. 70. 60. 50. 50. 40.
80. i 70. 70. 60. 60. 50. 50.
90. i 80. 70.  70. 60. 50. 50.
100. i 80. 80. 70. 60. 60. 50.

Figure 3L (Con.)

Hourly Calculations

In order to calculate fuel moisture at burn time, calcula
tions are donefor each hour starting at 1200. The hourly
calculation option of MOISTURE allows you to examine
those values, in theform of either a table or a graph.
Because thisisessentially one set of calculations, a single
value isrequired for each input. Because a burn day goes
from 1200 to 1200, in order to see a 24-hour prediction,
you must enter a burn timefrom theinterval 1100 to
1159.

Figure 32 givesa MOISTURE run under the hourly
calculation option for a burn time of 1100. One of the
output choicesisa tablelisting of the hourly valuesfrom
1200 to burn time. Any of the values on that table can be
plotted. We show here only the 1-hour moisture plot. The
graph i s not smooth because of the resolution of the char-
acter-type graph. We have sketched in a smooth curve.
Sunrise and sunset are denoted on thegraph by R and S.

Appendix A includes complete runsof the MOISTURE
modul e showing questionsand user response.
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RELATIVE HUMIDITY (RH)

The RH module determines relative humidity and dew
point from wet bulb and dry bulb temperatures and eleva-
tion. Thisisan alternative to using tables such as those
in the S-390 Fire Behavior Field Guide, p. 19-33 (National
Wildfire Coordinating Group 1981). But because the RH
module uses equations, the results may be slightly
different.

Figure 33 shows tables of relative humidity and dew
point for ranges of wet bulb and dry bulb temperatures.
Wet bulb temperature must be greater than the dry bulb
temperatureasindicated by the —888. valuesin the upper
right comer of the tables. At thelower left corner, —999.
valuesindicate that the calculated dew point is toolow for
valid calculations.



MO STURE

1--RUN OPTION---------—---- 2=HOURLY CALOJLATI ONS( GRAPH C ouT?uT) |
2--MONTH OF BURN--------=-= 2.

3-=DAY OF BURN---=-===c=ce- 10.

[=-LATITUDE-=====mm==me—en= 33 N

5--BURN Tl ME (2400 HOURS)-- 1100.

639.=TIME (- SUNR SE
1720.=TIME (F SUNSET

6--FUEL MDEL 7 : SOUTHERN ROUH

11-- TERRAI N SLCPE, % .0
12--BLEVATION CF H RE

LOCATITAN =T 300.0
13-- ELEVATI ON OF VEATHRR

CBSERVATI ONS, T -=--- SAME AS FI RE LOCATI ON

15--CROMN ACBURE % 50.0
16-~FOLIAGE=========mm=nn=== ABSENT
18- - DOM NANT TREE TYPE-- - - - - 2=DECIDUOUS

19-- AVBERAGE TREE HEI GHT, =T 50.0
20-- RATI O F GROM LENGM

TO TREE HEl (HT-------- !
21-- RATI O F GROMN LENGTH

TO CROMN DIAMETER-----

22--BURN DAY 1400 TEMP, F 8
23--BURN DAY 1400 rH, % 60
24--BURN DAY 1400 20- FOOr

5
1.0

0.0

0

WND SPEED  MI/H 5.0
0

3

25- - BURN DAY 1400 0.OD '
QO/ER & 100
26-- BURN DAY 1400 HAZI NESS - 3=MODERATE FOREST BLUE HAZE
27-- SUNSET TEMPERATURE, F 70.0
28-- SUNSET R, % 0.0
29- - SUNSET 20- FQOT
WND SPEED, MI/H .0
30-- SUNSET LOD COER % 30,0
0
0
0
0

31-- SUNR SETEVPERATURE. F 60.
32--SUNR SERH X 60.
29--SUNR SE 20- FaOT

WND SPEED, MI/H
34--SUNR SEc1oup COER X

35--BURN TI ME TEWPERATURE, F~ 60.0
36--BURN TI ME R4, ¥ 50.0
37--BURN TI ME 20- FOOT

WND SPEED MI/H 0

38--BURN TI ME A.O.D COER ¥ 0
39--BURN Tl ME HAZI NESS- - - - - - 3-MODERATE FOREST BLUE HAZE
40-- EXPCBLRE OF FVELS TO

THE WIND=-=rev-emme—e—— 2=PARTIALLY SHH TERED

.3=WIND ADJUSTMENT FACTCR

CODE==-==-==--=-om=-m= 1=1-#R FUEL MO STURE KNO FCR BURN DAY -1
44--BURN DAY -1 1-HR PVEL
MOISTURE, %-----=-—==== 9.0

Figure 32 —Example MOISTURE run under the hourly output option.
A table of hourly values and a plot of 1-hour fuel moisture are given .
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(VERION 4.0)

LOCAL 1-HR DRY AlIR RUEL FUEL MID- FUEL
SN FUEL BULB RH LEVEL LEVEL HAVE LEVEL
TIME MAOS TEMP TEMP RH WIND WIND

(HR) (%) (F) (%) (F) (%) (MI/H) (MI/H)
1200 8.9 80. 60. 92. 40. 1.5
1300 8.9 80. 60. 92. 40. 1
1400 8.9 80. 60. 92. 40. 1.
1500 9.0 79. 60. 86. 47. 1
1600 9.4 76. 60. 78. 55.

1700 9.9 72. 60. 72. 60.

1800 10.2 69. 60. 69. 60.

1900 10.6 68. 60. 68. 60.

2000 10.9 67. 60. 67. 60.

2100 111 66. 60. 66. 60.

2200 11.4 65. 60. 65. 60.
2300 11.6 64. 60. 6l . 60.
2400 11.8 63. 60. 63. 60.
100 12.1 62. 60. 62. 60.
200 12.2 61. 60. 61. 60.
300 12.4 61. 60. 61. 60.
400 12.6 60. 60. 60. 60.
500 12.7 60. 60. 60. 60.
600 12.9 60. 60. 60. 60.
700 O 60. 60. 60. 60.
800 13.0 60. 59. 6l. 51.
900 12.8 60. 57. 73. 37.
1000 12.2 60. 54. 81, 27.
1100 11.3 60. 50. 86. 21.

D000 000OOOOOOOONRUIU
C0DO0ODOODOOOOOOODOO HWwA® P®

[T T PRy JRP DRI [ FEToTl Fup [FRRRS ETepss Lo r ey pa—y

12 14 16 18 20 22 24 2 4 6 8 10 12
S R
LOCAL SN TIME (HOUR)

Figure 32 (Con.)
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14.
14.
14.
22.
31.
55.
100.
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100.
100.
100.
100.
100.
100.
100.



RH
1--DRY BULB TEMFAERATURE F 65.0 70.0 75.0 80.0 85.0 90.0 95.0

2-\WET BULB THVIFERATURE F 50.0 55.0 60.0 65.0 70.0 75.0 80.0
S3—H_EVATION, FT 2000.0

RELATIVE HUMIDITY, % (V4.0)
DRY | WET BULB TEMFERATURE DEG F
BULB |
BP I 50 55. 60. 65. 70. 75. 80
(F) e o B e 0 o S e
I
65. I 33. 53. 76. loo. -888. -883. -888
I
70. I 21. 38. 57. 77. 100. -888. -888.
I
75. I 12. 26. b2. 59. 79. 100. -888.
I
80. I 5 17 30. 45.  62.  80. 100.
I
85. I -999. 10. 22. 34.  48.  63.  B1.
1
90. I -999. 5. 15. 25. 37. 50. 65.
I
95. I -999. 1. 10. 19. 29. 4o.  53.

-888 = WA BULB TEMAERATURE GREATER THAN DRY BULB.

-999 = DEW FOINT IS LESS THAN -40 DEGREES

mw R5N+:F e, S o
..... 6&9"“'"i"“""Qﬁﬁféhfé.iﬁiﬁﬁ§§§ﬁj¥§'6Eénﬁ"”""“
BULB 1
BV I 50 55 60 65. 70 75 80
(F) L m e m e e o o e e s
1
65. I 36 48 57 65. -888. -888. -888
I
70. F 29 43 54 63 70. -888. -888
I
75. T 19 38 50 60. 68 75. -888
I
80. I 4 32 b6 57. 66 73 80
1
85. I -999, 23. 42, 54. 63. 71. 78.
I
90. I -999. 11. 36. 50. 60. 69. 77.
I
95. I -999, -14, 29. L6, 58. 67. 75

-888 = WET BULB TEVAERATURE GREATER THAN DRY BULB.

-999 : DEW FOINT IS LESS THAN -40 DEGRES

Figure 33—Example RH run.
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APPENDIX A—ANNOTATED RUNSOF
THE FIRE1 AND FIRE2 PROGRAMS
OF BEHAVE.

Fire behavior prediction models that have been added
toBEHAVE areillustrated in the body of the paper with
sampleinput and output from the programs. Thisappen-
dix provides complete user sessionsfor the FIRE1 and
FIRE2 programs, with all o theinteraction between the
user and the computer. Basicoperation isemphasized in
the sample run in appendix A of Part 1 (Andrews 1986);
that information isstill valid. Thi s runisused toillus-
trate the changes and additions to the programs.

Lines that begin with a > (the prompt symbol) were
typed by the user. All others were printed by the com-
puter. The prompt symbol may be different on another
computer. (The Forest Service Data General system does
not give a prompt.)

Gaining access to the BEHAVE programs and printing
logfiles arefunctions of the computer being used and
therefore are not described in thismanual.
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Gontent s

FIRE1 Program:
STATUS e cirirertrennirissesee e sesesseesnesseesssessssnnesessones 34
COMMENT «iiierrerser s ssee s s snas 35
LOG TOA NEW FILE s ssssesesssnsnns 35
SLOPE ... iticeererseessesseessessessssssssssssssssssssssssssssssssssssssssses 36
DEGREES .....ooctvetvsmteesesss seessssesssssesssssessssssssssssssmmsessnees 38
o T (O 1\ 38
Y I 40
SPOT linked t o DIRECT (wind-driven

SUMfACE FITE) vt 42
MORTALITY independent ... oeresesssmsssesesssnenes 44
SCORCH independent ........comereresesessssssssssesesessssssssans 47
MORTALITY linked t0 SCORCH .....ccccvereeererenenerennas 48
MORTALITY linkedto DIRECT
ANA SCORCH .....coeeeeeccereresesssseeeesesesesesssssseeeaenes 50

FIRE2 Program:
LOG TOAN EXISTING FILE ..ot 57
MOISTURE GRAPHIC OPTION .....coeueeerereerererereenens 58
MOISTURE TABLE OPTION a..coervereriene e e 66



WELCOME TO THE BEHAVE SYSTEM
BURN SUBSYSTEM
FI REl PROGRAM: VERSION 4.0 -- MAY 1989

DEVELOPED BY: THE FI RE BEHAVI OR RESEARCH WORK UNI T
I NTERMOUNTAI' N FI RE SCI ENCES LABORATORY
M SSOULA, MONTANA

\YOU ARE RESPONSI BLE FOR SUPPLYI NG VALI D | NPUT AND FOR \ ’1 ': I "4 , mpm

CORRECTLY | NTERPRETI NG THE FI RE BEHAVI OR PREDI CTI ONS

ASSUMPTI ONS, LI M TATI ONS, AND APPLI CATI ON OF MATHEMATI CAL
MODELS USED I N THI S PROGRAM ARE IN:
Andrews. Patricia L. "BEHAVE: Fire behavior prediction and
fuel modeling system -BURN subsystem, Part 1", |NT-GTR-194, 1986
Andrews, Patricia L., and Chase, Carolyn H "BEHAVE: Fire
behavi or prediction and fuel modeling system - BURN
subsystem Part 2". |INT-GTR-260. 1989

(PRESS CARRI AGE RETURN TO CONTI NUE)
>

PAUSE OPTI ON AND ENGLI SH UNI TS SET.
SLOPE MEASUREMENT | N PERCENT.
WHEN YOU ARE READY TO CONTI NUE AFTER THE PROMPT
SYMBOL |'S PRI NTED W THOUT A QUESTI ON.
PRESS THE CARRI AGE RETURN KEY.

TYPE ' CUSTOM | F YOU ARE GOI NG TO USE CUSTOM FUEL MODELS
FI REI KEYWORD?

ENTER DIRECT.SITE,SIZE.CONTAIN,SCORCH,SPOT,
MORTALITY,MAP,SLOPE,DISPATCH,CUSTOM,

TERSE.WORDY, PAUSE . NOPAUSE , LOG , NOLOG, Jl‘-l. Pw C,OW
ENGLISH,METRIC,PERCENT, DEGREES
COMMENT . KEY,HELP, STRTUSM Jlm/z,a
bt ook 46, ,
FIRE1 KEYWORD?

*+xxALL UPPER CASE PLEASE****
A
ENTER DIRECT,SITE,SIZE,CONTAIN [SCORCH]sPOT. M ML %‘»U)" wm
[FAF}ETGPE) p1spaTcH, cusTOM,
TERSE,WORDY, PAUSE, NOPAUSE {Coc{noLoG ]

ENGLisHIfETRIC)FERCENTIPEGREES)

o R oo T Jhe Chucke
% ‘
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###% [|RE| STATUS REQUEST ###s
PROMPTMODE  : WORDY e
DI SPLAY MODE : PAUSE __ ﬁém m jﬁ/
LOG FILE NAME : UNDECLARED
LOG FUNCTION : OFF — Wdl. “Al—ded
FUEL FILE NAME: UNDECLARED
DI SPLAY UNITS : ENGLISH s
SLOPE UNITS : PERCENT

FI REI  KEYWORD?
ENTER DIRECT,SITE,SIZE,CONTAIN, SCORCH,SPOT,
MORTALITY, MAP,SLOPE,DISPATCH,CUSTOM.

TERSE, WORDY, PAUSE, NOPAUSE, LOG, NOLOG, &'ﬂ im - -
ENGLISH.METRIC, PERCENT,DEGREES. 5 -
COMMENT, KEY, HELP, STATUS.QUIT WM!J—(G/ coHNEW“’

>COMMENT M" LOG
NO LOG FILE CURRENTLY ACTIVE. REMEMBER THAT THI S ﬁda d.czm&. \le'-

COMMENT APPEARS ONLY ON YOUR TERM NAL-- NOT | N ANY LOG FI'LE.. m the W¢
ary
ENTER TEXT FOR DOCUMENTATI ON. fﬁlﬂw 7014, LThe C/unw g

USE A CARRI ACE RETURN AT THE END OF EACH LI NE.
TO TERM NATE. ENTER (ON A NEW LI NE) ** Aj _me aANg

FOLLOWED BY A CARRI ACE RETURN. 2 " .

I Ll L T L LT T L T T
COMMENT :
Sew

LA X2 2T SRR R ARl 22 2 XAl a2 a2 222222l et Rl Rl Rl R Rl Lyl

P i
FI REI KEYWORD? Jd@ m@ m GW
ENTER DIRECT,SITE.SIZE,CONTAIN,SCORCH, SPOT, a/ﬂd ﬂfla.z?\ a lt?‘f:lu.
MORTALITY,MAP,SLOPE,DISPATCH, CUSTOM,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC, PERCENT, DEGREES,

COMMENT, KEY, HELP,STATUS, QUIT
»LOG

WHAT FILE NAME DO YOU WANT TO USE? (12 CHARACTERS MAX)
FI RST CHARACTER MUST BE ALPHABETI C. FOLLOW THE NAM NG
CONVENTI ON FOR YOUR COMPUTER.

»LOGFIL \J/hw ‘e a mj‘:h’ ' “{ﬂt%‘;ﬂf*

LOG I'S ON. an £ W J‘L’

THE NAME OF YOUR LOGFILE |S: Covere d. m @'Lﬂt aﬁfd
funy,

FI REl  KEYWORD? ‘/104 '-t‘-a.m allached o

ENTER DIRECT,SITE,SIZE,CONTAIN,SCORCH,SPOT, .

L]
MORTALITY,MAP,SLOPE, DISPATCH, CUSTOM, /’t /umaenc Mﬂ_ dame MM/
TERSE,WORDY, PAUSE, NOPAUSE, L0G,NOLOG. _ZAe_ A El WQEL
-

ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT, KEY . HELP,STATUS,QUIT
*STATUS
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##w* FIRE1l STATUS REQUEST w#ww
PROMPT MODE ¢+ WORDY

4 Log i Aaabun
DI SPLAY MODE : PAUSE /
LOG FILE NAME : LOGFIL de
LOG FUNCTION : ON
FUEL FILE NAME: "Nhﬁh :
DI SPLAY UNITS : ENGLI SH Jlu_ l@ Ction lan
al

SLOPE UNITS : PERCENT

FIRE1 KEYWORD? Zhe ferv.
ENTER DIRECT,SITE,SIZE,CONTAIN,SCORCH, SPOT,

MORTALITY,MAP,SLOPE,DISPATCH, CUSTOM,
TERSE,WORDY, PAUSE , NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT, KEY ,HELP,STATUS,QUIT

>COMMENT CAaAQm P(d/ the
80
ENTER TEXT FOR DOCUMENTATI ON.
@-srz A CARRI AGE RETURN AT THE END OF EACH LINE.) ,u"tu.. Ye m W

TO TERM NATE, ENTER (ON A NEW LINE) =+
wl—m; %"n W
FOLLOWED BY A CARRI AGE RETURN. QM%

LA AR A A AR A AR AR AR AR R ARl i i il il sl st il s al iRl isslelslss)

COMMENT:

>AN FBA Ml GHT USE THE COMMENT KEYWORD TO LABEL A DI RECT RUN WITH
> 1 FI RE NAME

> 2. PROJECTI ON TIME AND DATE

F Rl

AR AR AR AR AR R AN AT A AR RN RIS R AR AR AR AR AR AR AN ERRRAAARRE RN RARA AR R DA

FIRE1 KEYWORD? M 2
ENTER DIRECT,SITE,SIZE,CONTAIN,SCORCH.SPOT, y?Ed j
MORTALITY,MAP, SLOPE, DISPATCH, CUSTOM, AL COMME N‘!‘

TERSE, WORDY, PAUSE, NOPAUSE, LOG, NOLOG,

ENGLISH,METRIC, PERCENT, DEGREES, ? !

COMMENT ., KEY,HELP, STATUS,QUIT
>SLOPE

SLOPE KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE, WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT , KEY, HELP, STATUS

> NPUT

(1) MAP SCALE OPTION ? 1-2 OR QUIT
1- REPRESENTATI VE FRACTI ON

2=INCHES PER M LE W D Mb M,m m
v 0K by £l ‘hap 4Cale and

1) MAP SCALE, IN/MI 2 .1-20 % 4

pueputalions amsunl.

»2
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*(2) CONTOUR | NTERVAL. FT ? 10-500
>40

*(3) MAP DI STANCE. IN ? .1-10
»1

*(4) NUMBER OF CONTOUR INTERVALS ? 1-100 dieat shat. a

»5.9,2

THE FOLLOW NG VALUES W LL BE USED
5.0 7.0 9.0

OK ? Y-N

Y

SLOPE KEYWORD?

ENTER INPUT,LIST,CHANGE, RUN,QUIT,
TERSE,WORDY,PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT,DEGREES,
COMMENT , KEY,HELP,STATUS

>LIST
SLOPE
1- - MAP SCALE, IN/MI---=---= 2.64
1: 24000.
2- - CONTOUR | NTERVAL, FT ---  40.0
3--MAP DI STANCE, IN =------ 1.0

4-- NUMBER CONTOUR | NTERVALS 5.0 7.0 9.0

SLOPE KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY.PAUSE. NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC, PERCENT, DEGREES,
COMMENT , KEY, HELP, STATUS

> RUN

Jhtvmmw

the ams 1o 4
NUMBER Mw RUN OM.

OF I TERRAI N ELEVATI ON HORI ZONTAL
CONTOUR | SLOPE CHANGE DI STANCE
INTERVLS 1 (x ) (FT) (FT)

L

5.0 1 10. 200. 2000.
1

7.0 b 14. 280. 2000.
I

9.0 1 N 18. 360. 2000.
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SLOPE KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT , KEY, HELP, STATUS

>DECREES

CURRENT UNI TS SYSTEM: ENGLI SH. SLOPE IS I N DECREES

SLOPE KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,

COMMENT, KEY,HELP,STATUS

»RUN
(V4.0)
NUMBER |
OF | TERRAI N ELEVATI ON HORI ZONTAL
CONTOUR | SLOPE CHANCE DI STANCE
I NTERVLS | (DEG) (FT) (FT)
|
5.0 | 6 200. 2000.
|
7.0 | 8. 280. 2000,
|
9.0 | 10 360. 2000.

SLOPE KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG,NOLOG,
ENGLISH,METRIC, PERCENT,DEGREES,
COMMENT, KEY, HELP, STATUS

>PERCENT

CURRENT UNITS SYSTEM: ENGLI SH. SLOPE |'S I N PERCENT

SLOPE KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE.WORDY, PAUSE, NOPAUSE, LOG,NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,

COMMENT ,KEY,HELP,STATUS
>QUI T

FI NI SH SLOPE --{BACK TO FIRE1l
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FIRE1 KEYWORD?

ENTER DIRECT,SITE,SIZE,CONTAIN,SCORCH, SPOT,
MORTALITY,MAP,SLOPE,DISPATCH, CUSTOM,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC, PERCENT, DEGREES,
COMMENT, KEY,HELP,STATUS,QUIT

>DI RECT

DI RECT KEYWORD?

ENTER INPUT,LIST,CHANGE, RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC, PERCENT, DEGREES,
COMMENT, KEY, HELP, STATUS
SIZE,SCORCH

»INPUT

(1) FUEL MODEL 2 0-99 OR QUIT
(ENTER 0 FOR TWO FUEL MODEL CONCEPT | NPUT.)
»5

*(2) 1-HR FUEL MOI STURE, % ? 1-60
»5

*(3) 10-HR FUEL MOI STURE, % ? 1-60
»6

*(6) LIVE WOODY MOl STURE, % 2 30-300
>90

*(7) MIDFLAME WINDSPEED, MI/H 7 0-99
»1,8.,1

THE FOLLOW NG VALUES W LL BE USED
1.0 2.0 3.0 4.0 5.0

OK 2 Y-N

>Y

*(8) TERRAIN SLOPE, % 2 0-100
»40,100,10

THE FOLLOW NG VALUES W LL BE USED

40.0 50.0 60.0 70.0 80.0 90.0 100.0
OK ? Y-N
Y

*(9) DIRECTION OF W ND VECTOR,
DEGREES CLOCKW SE FROM UPHI LL ? 0-360
>40

(10) DO YOU WANT FI RE BEHAVI OR PREDI CTI ONS FOR
THE DI RECTI ON OF MAXI MUM SPREAD 2 Y-N
>Y

Ao SCoRecH and SPoT
wt allowed wth Ihe

M-fl -Mocl c—"’?clﬂ/
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DI RECT KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH.METRIC, PERCENT, DEGREES,
COMMENT , KEY ., HELP, STATUS

>METRI C
CURRENT UNI TS SYSTEM METRI C. SLOPE IS IN PERCENT
DI RECT KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,

TERSE, WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC, PERCENT, DEGREES,
COMMENT ,KEY,HELP,STATUS

2here durileby Lo TNethie
B STuew.

Yle thal METRIC and
ENGLISH do YL %zd/

wae wnila .

>LIST

DI RECT
1-=FUEL MODEL =-v===msec-===a 5 -- BRUSH, 2 FT (60 cM)
2--1-HR FUEL MOI STURE, % -- 5.0
3--10-HR FUEL MOI STURE. % -~ 6.0
6--LI VE WOODY MOl STURE, % - 90.0
7--MIDFLAME W NDSPEED. KM/H 1.6 3.2 4.8 6.4 8.0
%;-TERRAIN SLOPE, % ------- 40.0 50.0 60.0 70.0 80.0
9-- DI RECTI ON OF W ND VECTOR 40.0

DEGREES CLOCKW SE

EROMIoLY ]

'

10-- DI RECTI ON OF SPREAD ----
CALCULATI ONS
DEGREES CLOCKW SE
FROM UPHI LL

DI RECTI ON OF MAXIMUM SPREAD
TO BE CALCULATED

DI RECT KEYWORD?

ENTER INPUT,LIST,CHANGE, RUN,QUIT,
TERSE,WORDY,PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC.PERCENT, DEGREES,
COMMENT . KEY, HELP,STATUS

> RUN

TABLE VARI ABLE ? 0-7

0=NO MORE TABLES

1=RATE OF SPREAD

2=HEAT PER UNI T AREA

3=FIRELINE | NTENSITY
>4

4=FLAME LENGTH

S=REACTION | NTENSI TY
6=EFFECTIVE W NDSPEED
7=DIRECTION OF MAX SPREAD

40
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RN RN RN EEE s EE T EIE IR T IERE S S SSSEEsEESSSSEIEsssSSSsS===

FLAME LENGTH, M (v4.0)
TR RSN IR RS NSRS SE S-S ESEs-=rERssS=Ts=EFzs=s===ES=EE
MIDFLAME | TERRAI N SLOPE, %
WND |
[ 40.0 50.0 60.0 70.0 80.0 90.0 100.0
(KM/H) Iemeeesmmsermsiccssmmmcssemmassssmssccsscsemcsracaaseancs
I
1.6 1 133 1.5 1.7 1.9 2.1 2.3 2.5 \‘zﬁL‘_ Zchcz,ypag_ 121972?1554’
1
3.2 1 1.5 1.7 1.8 2.0 2.2 2.4 2.6 oA rulefea
1
4.8 1 1.7 1.9 2.0 2.2 2.4 2.5 2.7
1
6.4 1 2.0 2.1 2.2 2.4 2.5 2.7 2.9
I
8.0 1 2.2 2.3 2.4 2.5 257 2.8 3.0

TABLE VARI ABLE 2 0-7

0=No MORE TABLES 4=FLAME LENGTH

1=RATE OF SPREAD 5=REACTION | NTENSI TY

2=HEAT PER UNIT AREA 6=EFFECTIVE W NDSPEED

3-FI RELI NE | NTENSI TY 7-DI RECTI ON OF MAX SPREAD
»0

IF YOU WANT TO CONTINUE W TH THE AREA AND PERI METER CALCULATI ONS,
TYPE ' SI ZE'

I'F YOU WANT TO CONTI NUE W TH SCORCH HEI GHT CALCULATI ONS,
TYPE ' SCORCH'

I'F YOU WANT TO CONTINUE W TH SPOTTI NG DI STANCE FROM
A W ND- DRI VEN SURFACE FI RE, TYPE ' SPOT'

DI RECT KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH_ METRIC,PERCENT,DEGREES,
COMMENT, KEY, HELP, STATUS
SIZE, SCORCH,SPOT

>ENGLI SH

CURRENT UNI TS SYSTEM ENGLI SH. SLOPE IS I N PERCENT. 5

DI RECT KEYWORD?

ENTER INPUT,LIST,CHANGE, RUN,QUIT,
TERSE, WORDY.PAUSE. NOPAUSE, LOG, NOLOG.
ENGLISH,METRIC,PERCENT,DEGREES,
COMMENT , KEY,HELP,STATUS
SIZE,SCORCH,SPOT

>»RUN
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TABLE VARI ABLE 2 0-7

0=NO MORE TABLES 4=FLAME LENGTH

1=RATE OF SPREAD 5=REACTION | NTENSITY

2=HEAT PER UNIT AREA 6-EFFECTI VE WINDSPEED
3=FIRELINE | NTENSITY (i:DIRECTION OF MAX SPREAD::)

>7

S IR EESEEEEERSESESES SR EE TSI E TS SEECSE S S ETEEECEESsECESEIsESSS===

DI RECTI ON OF MAXIMUM SPREAD, DEC

(v4.0)

SR EE RS A S S raS S EE T ¥ES IS EETCSEEESCSS S EXIESSESCSESSEESSSSISST==E

MIDFLAME | TERRAI'N SLOPE, %

WND 1
|

(MI/H) 1
1

1.0 1
1

2.0 1
1

3.0 1
I

4.0 1 30. 26. 23, 20. 17, 15, 13.
1

5.0 1 32. 29. 26. 23. 20. 18. 16.

TABLE VARI ABLE 2 0-7

0=NO MORE TABLES
1=RATE OF SPREAD S=REACTION | NTENSITY
2=HEAT PER UNIT AREA 6=gFFECTIVE W NDSPEED
3=FIRELINE | NTENSITY 7=DIRECTION OF MAX SPREAD

4- FLAME LENGTH

I'F YOU WANT TO CONTI NUE W TH THE AREA AND PERI METER CALCULATI ONS

TYPE ' SI ZE'

I'F YOU WANT TO CONTI NUE W TH SCORCH HEI GHT CALCULATI ONS

TYPE ' SCORCH'
I'F YOU WANT TO CONTI NUE W TH SPOTTI NG DI STANCE FROM
A W ND- DRI VEN SURFACE FIRE. TYPE ' SPOT

DI RECT KEYWORD?

ENTER INPUT,LIST,CHANGE, RUN,QUIT,
TERSE,WORDY, PAUSE, NOPRUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT, KEY HELP,STATUS
SIZE,SCORCH, SPOT

>SPOT
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SPOT- LI NKED- TO- DI RECT KEYWORD? )

ENTER INPUT,LIST,CHANGE, RUN,QUIT, d N Qnd
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC, PERCENT, DEGREES, ae y o)) w
- COMMENT, KEY, HELP, STATUS
au
>| NPUT

*(4) RIDGE/VALLEY ELEVATI ONAL DI FFERENCE, FT 2 O-
, 1000

*(S) RIDGE/VALLEY HORI ZONTAL DI STANCE, M 2 0-4
>1.

(6) SPOTTING SOURCE LOCATION 2 0-3
0=MIDSLOPE, W NDWARD SI| DE
1=VALLEY BOTTOM
2=MIDSLOPE,.LEEWARD S| DE
3=RIDGETOP

>1

SPOT- LI NKED- TO- DI RECT KEYWORD?
ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,

ENGLISH,METRIC,PERCENT,DEGREES, z ‘ ! :

COMMENT , KEY, HELP,STATUS

SLIST SPo }wbbub > DIRELC

SPOT- LI NKED- TO- DI RECT

1-- FlI REBRAND SOURCE-------- 3--WIND-DRIVEN SURFACE FIRE

2-- MEAN COVER HEI GHT, FT -- .0

3--20- FOOT W NDSPEED, MI/H 2.5 5.0 7.5 10.0 12.5 '
FROM MIDFLAME W ND = 1.0 2.0 3.0 4.0 5.0
& EXPOSED FUEL WAF = .4

4--RIDGE/VALLEY ELEVATI ON

DI FFERENCE, FT --= 1000.0
5~-RIDGE/VALLEY HORI ZONTAL

DI STANCE, M ---- 1.0
6- - SPOTTI NG SOURCE LOCATI ON 1.-- VALLEY BOTTOM

dued DIRECT

12--FLAME LENGTH. FT =====-=-= OUTPUT FROM DI RECT. RANGE= m

SPOT- LI NKED- TO- DI RECT KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT, Ao-yt wwnd 1a Caloulaled
L] M L] -
TERSE,WORDY, PAUSE, NOPRUSE , LOG, NOLOG, ame rund MFML v DIRECT
ENGLISH,METRIC,PERCENT, DEGREES, 5 : Z
COMMENT. KEY, HELP, STATUS s The wnd.
> RUN 2507 the IRECT

(MW*—MLWMWL/)

SPOT inpul Linsg. 1,3,3, /8 Cammst be a/um?td Ln)
Ldinbud puns
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SaEsEEEsEseESEEEEE NSNS SN IS SN I ISR fSSENENEEEEEEENIESSSS==

MAXIMUM SPOTTING DISTANCE, MI (V4.0)
EEEEEEsSSSssSEEESSEESEESNEESAS I EdRNNCENZSSESSSESEsEEEsSSSSISSSSES
M DPLAME | TERRAIN SLOPE. %
W ND I
1
(MI/H) 1
I
1.0 1
1
2.0 1
1
3.0 1
1
4.0 1 2 2 2 2 2 2 3
1
5.0 1 2 3 3 .3 3 3 3

: \iu. y
-1.=THIS |S NOT A W ND- DRI VEN HEAD FI RE. %lﬁ i M 7

THE DI RECTI ON OF MAXIMUM SPREAD | S UORE THEN 30

DEGREES FROM THE DI RECTI ON OF THE W ND VECTOR. § DIRecCT ,&%\ W
,ﬂp’ua«L

SPOT- LI NKED- TO- DI RECT KEYWORD? .
ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC, PERCENT, DEGREES,
COMMENT , KEY ,HELP, STATUS
»QUIT

FI' NI SH SPOT LINKED TO DI RECT-

DI RECT KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT
TERSE, WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT,DEGREES,
COMMENT,KEY, HELP, STATUS

>QUIT

FI NI SH DI RECT -- Qu T M t/lb “ﬁ# dack

do FIREAL

FIRE1 KEYWORD?

ENTER DIRECT,SITE,SIZE,CONTAIN, SCORCH,SPOT,
MORTALITY,MAP,SLOPE,DISPATCH,CUSTOM,
TERSE.WORDY. PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,.PERCENT,DEGREES,

COMMENT . KEY, HELP, STATUS, QUIT
YMORTALITY and M MORTARLITY aa
an indegundent 7nsdute.
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()

MORTALI TY KEYWORD?
ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE, WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC, PERCENT, DEGREES,
COMMENT, KEY, HELP, STATUS
»INPUT

*(1) SCORCH HEI GHT.
»30

PT 2 1-200 OR QUIT

*(2) TREE HEI GHT,
>20,110,45

PT 2 20-200

THE FOLLOW NG VALUES W LL BE USED
20.0 65.0 110.0

oK 2 Y-N

»Y

#*#(3) CROMN RATIO 2 .I1-1
>.8

(4) BARK THI CKNESS OPTION 2 1-2
1- DETERM NE BY SPECI ES AND DBH
2=DIRECT ENTRY

>1

(4) TREE SPECIES 2 1-5
1=WESTERN LARCH. DOUGLAS-FIR

2=WESTERN HEMLOCK

3=ENGELMANN SPRUCE.
4=LODGEPOLE PI NE, SUBALPINE FIR
5=NONE OF THESE

the wolvsa 1)

WESTERN RED CEDAR

Oark thickbneee 1o the

MORTALITY ,M.,au,t, Ghrueae

t?/LLMb

33
*(4) TREE DBH. IN 2 5-50
»5,25,10

THE FOLLOW NG VALUES W LL BE USED
5.0 15.0 25.0

oK 2 Y-N

Y

MORTALI TY KEYWORD?
ENTER INPUT,LIST,CHANGE,RUN,QUIT,

TERSE,WORDY, PAUSE, NOPAUSE, LOG,NOLOG,

ENGLISH,METRIC, PERCENT,DEGREES,
COMMENT ., KEY,HELP, STATUS
>LIST

ol g oy

mawzmm

_Thuckniad

o—z.e/w-mQW
With bk thickbreaas

wmidony To The 7L
ML Antereded Lin
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MORTALI TY
1- - SCORCH HEI GHT, FT ====--= 30.0

2- - TREE HEI GHT, FT ===-=-=---- 20.0 65.0 110.0 "'u.'m ’U“ﬂlu_ga. a/'i-(./
3--CROWN RATIO ==mmm-=--mn- .8 ddww Dy

4--BARK THI CKNESS, IN =---- .2 .4 .6 .
FROM SPECI ES 3-ENGELMANN SPRUCE, WESTERN RED CEDAR and
DBH, I N 5.0 15.0 25.0 DOH

MORTALI TY KEYWORD?

ENTER INPUT,LIST,CHANGE, RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT . KEY,HELP, STATUS

>RUN

TABLE VARI ABLE 2 0-2
0=NO MORE TABLES

1=MORTALITY LEVEL
2=CROWN VOLUME SCORCH

>1
MORTALI TY LEVEL. % (v4.0)
TREE | TREE DBH. IN
HEI GHT |
1 5.0 15.0 25.0
(FT) B ittt
! : ‘nade
P Qalewdatione art
20,0 1 100 ] 97 .
1 Q ayu ] ambinaliena’
65.0 1 0. 78. 2 . »
: o Wp. Jhe rean 1wl
110.0 1 :){‘ 46 28 1!&' ¥ 4 . ;

TABLE VARI ABLE 2 0-2

0=NO MORE TABLES

1=MORTALITY LEVEL

2=CROWN VOLUME SCORCH
>0

MORTALI TY KEYWORD?

ENTER INPUT,LIST,CHANGE, RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT, KEY,HELP,STATUS

>QUIT

FI'NI SH MORTALI TY- - BACK TO FIRE1l
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FIRE1 KEYWORD?
ENTER DIRECT,SITE,SIZE,CONTAIN,SCORCH,SPOT,

MORTALITY,MAP,SLOPE,DISPATCH, CUSTOM, SCoreH Md‘m M

TERSE ,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,

- ENGLISH,METRIC, PERCENT, DEGREES,
COMMENT, KEY, HELP, STATUS,QUIT
>SCORCH

SCORCH KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE, WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC, PERCENT, DEGREES,
COMMENT ., KEY,HELP,STATUS

>| NPUT

*(1) AMBI ENT AIR TEMPERATURE, P ? 33-120 OR QUIT
»85

*(2) FLAME LENGTH, PT 2 .l1-100
>8

*(3) MIDFLAME W NDSPEED, MI/H ? 0-99
»5

SCORCH KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT, KEY, HELP, STATUS

>LI ST
SCORCH
1--AMBIENT AIR TEMP, F ----  85.0
2--FLAME LENGTH, FT ------- 8.0
3--MIDFLAME W NDSPEED, M1/H 5.0

SCORCH KEYWORD?

ENTER INPUT,LIST.CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG,NOLOG,
ENGLISH,METRIC, PERCENT,DEGREES,
COMMENT ., KEY, HELP,STATUS

>RUN

( VERSI ON 4. 0)

CROWN SCORCH HEI GHT. FT 67.
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SCORCH KEYWORD?

ENTER INPUT.LIST,CHANGE,RUN,QUIT,
TERSE, WORDY, PAUSE,NOPAUSE, LOG,NOLOG, . Z ': b m
ENGLISH,METRIC, PERCENT, DEGREES, m&m‘% M
COMMENT, KEY,HELP, STATUS

MORTALI TY
>MORTALI TY

MORTALI TY- LI NKED- TO- SCORCH KEYWORD?
ENTER INPUT,LI1ST,CHANGE,RUN,QUIT,
TERSE, WORDY, PAUSE , NOPAUSE, LOG,NOLOG
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT, KEY,HELP, STATUS
> NPUT

*(2) TREE HEI GHT, PT 7 20-200
»20,110,45

THE POLLOVI NG VALUES WILL BE USED
20.0 65.0 110.0

OK 7 Y-N

>Y

*(3) CROWN RATIO 7 .1-1
>.8

(4) BARK THI CKNESS OPTION ? 1-2
1=DETERMINE BY SPECI ES AND DBH
2=DIRECT ENTRY

»2

(4) BARK THICKNESS, IN 2 .1-5 d"'-m/ dark M W,ﬂ%
>.2,.6,.2 !' . : .

THE POLLOVI NG VALUES W LL BE USED
.2 .4 .6

OK ? Y-N

Y

MORTALI TY- LI NKED- TO- SCORCH KEYWORD?

ENTER INPUT,LIST,CHANGE, RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT , KEY,HELP,STATUS

>LIST

MORTALI TY- LI NKED- TO- SCORCH : : : :
1-- SCORCH HEI GHT, pT ==---- OUTPUT FROM SCORCH = St Carrvrued

2- - TREE HEI GHT, PT ======-=-= 20.0 65.0 110.0

SCORCH.
3--CROWN RATIO =-=cemem-a=-= .8
4--BARK THI CKNESS. IN ===== .2 .4 .6

(DI RECT ENTRY)
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MORTALI TY- LI NKED- TO- SCORCH KEYWORD?

ENTER INPUT,LIST,CHANGE, RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT , KEY,HELP, STATUS

>RUN

TABLE VARI ABLE 2 0-2
0- NO MORE TABLES

1=MORTALITY LEVEL
2=CROWN VOLUME SCORCH

>1
MORTALI TY LEVEL, % (v4.0)
==Ez=cz=cssmmzsscesCsmzscsEsssEssssESEssm==s==cs==sEsszaszs=====z=====
TREE I TREE DBH, I N
HEI GHT
I 5.0 15.0 25.0
(FT) e e
i
20.0 1 99 99 98
b
65.0 1 99. 99. 98.
g
110.0 1 97. 94. 88.

TABLE VARI ABLE 2 0-2

0=NO MORE TABLES

1- MORTALI TY LEVEL

2=CROWN VOLUME SCORCH
>0

MORTALI TY- LI NKED- TO- SCORCH KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG. NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT, KEY, HELP, STATUS

»QUIT

FI'NI SH MORTALITY LI NKED TO SCORCH- - BACK TO SCORCH

SCORCH KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC, PERCENT, DEGREES,
COMMENT ., KEY,HELP,STATUS
MORTALI TY

>QUI T

FI' NI SH SCORCH -{(BACK TQ FIRE1l
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FIRE1l KEYWORD?
ENTER DIRECT,SITE,SIZE,CONTAIN, SCORCH, SPOT,

MORTALITY,MAP,SLOPE.DISPATCH, CUSTOM, 'D /ﬁECT‘ \(JCOQCH - MOQTA Ll ry
TERSE,WORDY, PAUSE, NOPAUSE, LOG,NOLOG, Md/ ﬁt Lt )
ENGLISH,METRIC, PERCENT, DEGREES,
COMMENT, KEY,HELP, STATUS, QUIT

>DI RECT

DI RECT KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE,NOPAUSE, LOG,NOLOG,
ENGLISH,METRIC,PERCENT,DEGREES,
COMMENT, KEY, HELP, STATUS

>INPUT

(1) FUEL MODEL 2 0-99 OR QUIT
(ENTER 0 FOR TWO FUEL MODEL CONCEPT | NPUT.)
>10

*(2) 1-HR FUEL MOI STURE, % 2 1-60
»5,11,2

THE FOLLOW NG VALUES W LL BE USED
5.0 7.0 9.0 11.0

OK 2 Y-N

Y

*#(3) 10-HR FUEL MOI STURE, % ? 1-60
»7

*(4) 100~-HR FUEL MOl STURE, % 2 1-60
»8

*(6) LI VE WOODY MOI STURE, % 2 30-300
»150

*(7) MIDFLAME W NDSPEED, MI/H ? 0-99
v4,14,2

THE FOLLOW NG VALUES W LL BE USED

4.0 6.0 8.0 10.0 12.0 14.0
OK 2 Y-N
Y

*(8) TERRAIN SLOPE, % 2 0-100
»15

®(9) DIRECTION OF W ND VECTOR.

DECREES CLOCKW SE FROM UPHILL 2 0-360
>0
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(10) DO YOU WANT FI RE BEHAVI OR PREDI CTI ONS FOR
THE DI RECTI ON OF MAXIMUM SPREAD ? Y-N
»Y

DI RECT KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC, PERCENT, DEGREES,
COMMENT ,KEY,HELP, STATUS

>LIST

DI RECT
1--FUEL MODEL ~~~~~77777777 10 -- TIMBER (LITTER AND UNDERSTORY)
2--1-HR FUEL MOI STURE, % == 5.0 7.0 9.0 11.0
3--10-HR FUEL MOI STURE, % - 7.0
4--100- HR FUEL MOI STURE, x 8.0
6--LI VE WOODY MOl STURE, % - 150.0
7--M DFLAME W NDSPEED, MI/H 4.0 6.0 8.0 10.0 12.0 14.0
8--TERRAIN SLOPE, % =====-- 15.0
9- - DIRECTION OF W ND VECTOR 0
DEGREES CLOCKW SE
FROM UPHI LL
10- - DI RECTI ON OF SPREAD ===~ .0 (DIRECTION OF MAX SPREAD)
CALCULATI ONS
DEGREES CLOCKW SE
FROM UPHI LL

DI RECT KEYWORD?

ENTER INPUT,.LIST,CHANGE,RUN,QUIT,
TERSE, WORDY, PAUSE, NOPAUSE, LOG,NOLOG,
ENGLISH , METRIC, PERCENT, DEGREES,
COMMENT , KEY ,HELP, STATUS

>RUN

TABLE VARI ABLE 2 0-6

0=NO MORE TABLES 4=FLAME LENGTH
1=RATE OF SPREAD 5=REACTION | NTENSITY
2=HEAT PER UNIT AREA 6=EFFECTIVE W NDSPEED
3=FIRELINE | NTENSITY

>4
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EEEsEEEEESEESE SN E AN EECE NN XN EE TS CEEESEEEFES=SsTESSEESSSSEZESS=

FLAME LENGTH. FT (v4.0)

EES SRS S AEAESEEEEETCAEEEEEEE NS EEEE SN SSESCCSESSESESSESESEESS=E==S3&

1-HR | MIDFLAME W ND, MI/H

MOIS

| 40 6.0 8.0 10.0 12.0 14.0

QT DL e ST

4

5.0 1 4.1 5.2 6.1 7.0 7.9 8.7
1

7.0 1 3.8 4.8 5.7 6.6 7.4 8.2
1

9.0 1 3.7 4.6 5.5 6.3 7.3 7.8
1

11.0 I 3.6 4.5 5.3 6.1 6.9 T.6

TABLE VARI ABLE 7 0-6

0=NO MORE TABLES 4=FLAME LENGTH
1- RATE OF SPREAD 5- REACTI ON | NTENSI TY
2=HEAT PER UNIT AREA 6=EFFECTIVE W NDSPEED
3=FIRELINE | NTENSITY

»0

I'F YOU WANT TO CONTINUE W TH THE AREA AND PERI METER CALCULATI ONS.
TYPE ' SI ZE'

I'F YOU WANT TO CONTI NUE W TH SCORCH HEI GHT CALCULATI ONS,
TYPE ' SCORCH'

I'F YOU WANT TO CONTI NUE W TH SPOTTI NG DI STANCE FROM
A W ND- DRI VEN SURFACE FI RE. TYPE ' SPOT'

DI RECT KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE, WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT, KEY,HELP,STATUS
SIZE, SCORCH, SPOT

>SCORCH

SCORCH- LI NKED- TO- DI RECT KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT, KEY,HELP, STATUS

> NPUT

*(1) AMBIENT AlR TEMPERATURE. F 7 33-120 OR QUIT Jhl. JCO.RCH
' a Hinked
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SCORCH- LI NKED- TO- DI RECT KEWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT , KEY, HELP, STATUS

>LIST

SCORCH- LI NKED- TO- DI RECT

larud. s

1--AMBI ENT AIR TEMP, F =---- 75.0
2--FLAME LENGTH. FT =====-- OUTPUT FROM DI RECT. RANGE = 3.6 TO 8.7
3-- M DFLAME W NDSPEED, MI/H - SAVED FROM DI RECT. RANGE = 4.0 TO 14.0 l

SCORCH- LI NKED- TO- DI RECT KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH, METRIC, PERCENT, DEGREES,
COMMENT, KEY,HELF, STATUS

>RUN

Es AL NN NSNS IR IR EE I NSNS SSEE IR SR T CACEEEEENEZESESITE=EEEaad

(V4. 0)

R RN ENE RSN AN NN SN E I NN SN ENEEEEESESSESNE=E=ES

CROWN SCORCH HEI GHT, FT

1-HR [ MIDFLAME WND. MI/H

MOIS |
[ 4.0 6.0 8.0 10.0 12.0 14.0

(%) i
1

5.0 1 19 23 26. 28 29 31
1

7.0 S 5 20. 22. 24. 25. 26.
1

9.0 % 16. 18. 20. 22. 23. 24.
I

11.0 1 15. 1% 19. 20. 21. 22.

SCORCH- LI NKED- TO- DI RECT KEWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,.METRIC,PERCENT, DEGREES,
COMMENT, KEY, ,HELP,STATUS
MORTALI TY

>MORTALI TY

MORTALI TY- LI NKED- TO- DI RECT- AND- SCORCH KEYWORD?
ENTER INPUT,LIST.CHANGE, RUN,QUIT,
TERSE, WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT, KEY,HELP, STATUS
>| NPUT

D/RECT.




*(2) TREE HEIGHT. FT 7 20-200
»50

*(3) CROWN RATIO ? .1-1
>.6

(4) BARK THI CKNESS OPTION 7 1-2
1=DETERMINE BY SPECI ES AND DBH
2- DI RECT ENTRY

*(4) BARK THI CKNESS, IN 7 .1-5
>.1

MORTALI TY- LI NKED- TO- DI RECT- AND- SCORCH KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE, WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT, KEY, HELP, STATUS

>LI ST

MORTALI TY- LI NKED- TO- DI RECT- AND- SCORCH

1--SCORCH HEI GHT. FT =----- OUTPUT FROM SCORCH
2--TREE HEI GHT, FT ======-- 50.0
3-~CROWN RATIO ===c=m=acc-== .6
4--BARK THI CKNESS. IN «a=-- .1

(DI RECT ENTRY)

MORTALI TY- LI NKED- TO- DI RECT- AND- SCORCH KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE, WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC, PERCENT, DEGREES,
COMMENT ,KEY, HELP, STATUS

> RUN

TABLE VARI ABLE 7 0-2

0=NO MORE TABLES

1=MORTALITY LEVEL

2- CROWN VOLUME SCORCH
»1

RANGE =

54
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AN S eSS SN eSS E S ErEEEES SN NN EESE S SSSEEESSSEEE

MORTALI TY LEVEL. % (v4.0)
e TIPSR OO O -~ ==L e LS S L b by e
1- HR | MIDFLAME W ND, MI/H
MOIS |
1 4.0 6.0 8.0 10.0 12.0 14.0
(%) A S e T e B S S S R S L S
1
5.0 1 73. 77. 84. 89. 92. 94 .
1
7.0 1 T3. T73. 75. 79. 82. 85.
1
9.0 1 73. 73. 73. 74. 76. 78.
1
11.0 1 73. 73. TaL 73. 74. 75.

TABLE VARI ABLE 2 0-2

0=NO MORE TABLES

1=MORTALITY LEVEL

2=CROWN VOLUME SCORCH
>0

MORTALI TY- LI NKED- TO- DI RECT- AND- SCORCH KEYWORD?
ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE, WORDY, PAUSE, NOPAUSE, LOG,NOLOG,
ENGLISH.METRIC, PERCENT, DEGREES,
COMMENT, KEY,HELP, STATUS
»QUIT

FI NI SH MORTALI TY LI NKED TO SCORCH AND DI RECT- - BACK TO SCORCH

SCORCH- L1 NKED- TO- DI RECT KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY,PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT ., KEY,HELP, STATUS
MORTALI TY

>QUI'T

FI NI SH SCORCH - BACK TO DI RECT

DI RECT KEYWORD?

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE, WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC, PERCENT,DEGREES,
COMMENT , KEY,HELP, STATUS
SIZE, SCORCH, SPOT

>QUI T

FI'NI SH DI RECT -- BACK TO FIRE1l
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FIRE1 KEYWORD?

ENTER DIRECT,SITE,SIZE,CONTAIN,SCORCH,SPOT,
MORTALITY,MAP,SLOPE, DISPATCH, CUSTOM,
TERSE, WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT, KEY, HELP, STATUS,QUIT

>QUIT

DOYOU REALLY WANT TO TERM NATE THI S RUN? Y-N
>Y

PART OF THI' S RUN MAY ., i BEEN LOGGED. ﬁ de} E ; Er

THE PILE NAME |S:
PRI NT THE PILE NOW AND DELETE IT.

Anloura
munt W dt&'& yr o W

FIRE1 RUN TERM NATED. ow /72-0 Lon Yiud L.

orw Ma.é-(_u

.

LAL ARSI RS2 2222222 2 2)
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WELCOME TO THE BEHAVE SYSTEM
BURN SUBSYSTEM
FI RE2 PROGRAM VERSION 4.0 -- MAY 1989
DEVELOPED BY: THE FI RE BEHAVI OR RESEARCH WORK UNI T
I NTERMOUNTAI N FI RE SCI ENCES LABORATORY

M SSOULA. MONTANA

YOU ARE RESPONSI BLE FOR SUPPLYI NG VALID | NPUT AND FOR
CORRECTLY | NTERPRETI NG THE FI RE BEHAVI OR PREDI CTI ONS.

ASSUMPTI ONS. LI M TATI ONS, AND APPLI CATI ON OF MATHEMATI CAL
MODELS USED I N THI S PROGRAM ARE I N:
Andrews. Patricia L. "BEHAVE: Fire behavior prediction and
fuel modeling system -BURN subsystem Part 1™, |NT-GTR-194,
Andrews, Patricia L., and Chase. Carolyn H "BEHAVE: Fire
behavi or prediction and fuel modeling system - BURN
subsystem, Part 2". |NT-GTR-260, 1989.

(PRESS RETURN TO CONTI NUE)
>

PAUSE OPTI ON AND ENGLI SH UNI TS SET.
SLOPE MEASUREMENT | S I N PERCENT.
WHEN YOU ARE READY TO CONTI NUE AFTER THE PROMPT SYMBOL | S
PRI NTED W THOUT A QUESTI ON, PRESS THE CARRI AGE RETURN KEY
TYPE ' CUSTOM | F YOU ARE GOI NG TO USE CUSTOM FUEL MODELS.
FI RE2 KEYWORD ~?
ENTER IGNITE,MOISTURE,RH,CUSTOM,
TERSE, WORDY, PAUSE, NOPAUSE, LOG,NOLOG,
ENGLISH,METRIC, PERCENT,DEGREES,

COMMENT, KEY HELP, STATUS,QUIT
*LOG

WHAT FILE NAME DO YOU WANT TO USE? (12 CHARACTERS Max}
FI RST CHARACTER MUST BE ALPHABETIC. FOLLOW THE NAM NG
CONVENTI ON FOR YOUR COMPUTER.

LOG FILE "LOGFIL" EXISTS. DO YOU WANT TO a
1=APPEND TO FILE "LOGFIL"
2- CHANGE TO ANOTHER LOG FI LE
3=DELETE " LOGFIL" AND START A NEW FILE W TH THE SAME NAME

>1

LOG I S ON.

THE NAME OF YOUR LOGFILE |S: LOGFI L
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FI RE2 KEYWORD -2

ENTER IGNITE,MOISTURE, RH,CUSTOM,
TERSE,WORDY, PAUSE, NOPAUSE, LOG,NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT , KEY,HELP,STATUS, QUIT

>MOI STURE

MOI STURE KEYWORD ? 5! . .
ENTER INPUT,LIST,CHANGE,RUN,QUIT, W ’W}
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,

ENGLISH,METRIC.PERCENT, DEGREES,
COMMENT, KEY HELP, STATUS

> NPUT
REM NDER: ' BURN DAY' STARTS AT NOON AND CONTI NUES FOR 24
HOURS. ALL I NPUTS ARE I N REFERENCE TO ' BURN DAY.'
(1) RUN OPTION » 1-2 OR QUIT C}C(A;Lb | A0 pgtd- v MOoISTURE

1 = BURN TIME CALCULATI ONS .
2 = HOURLY CALCULATI ONS ( GRAPHI C OUTPUT) $ut st v SITE.

Hiriea V-10 a0 duard on SITE
(2) MONTH OF BURN 2 1-12 el ot v MOISTUVRE:

>7

(3) DAY OF BURN ? 1-31

)25 Jhowe Lo no Lalilicde sotimaliow

(4) LATITUDE, DEG. 2 0 TO 90 am’ Wat‘w m HOISTUEE'

> 46 ? 0ISTURE and SITE lan Pwew Aandle
Bouthon Latitudea.

(4) NORTH OR SOUTH OF THE EQUATOR ? N-S
>N

SUNSET = 1926. Jo Atain a ..?d-ﬁam, dwurnal ﬂildcc&hu,
SUNRISE = 433. / 4w el o a Fure Lume gzma » 1159

(5) BURN TIME 2 0000- 2359 (b4Cuae g the %A&AJ 5 Ctaf.)

»1150 1o ‘?\1:4 “modd. amm“‘, ablowed wn MOISTURE.
Fud fodds are ward fo Povide 4 fuel depths

(6) FUEL MODEL 2 1- 99

> Jo wind Adyusbyrunt s Mmdm.,
. allowed .

(11) TERRAIN SLOPE. % ? 0 TO 100

,10 ~ Jhvu ane o *dpa AL MOISTURE

a0 thoww ake in SITE.

(12) ELEVATION OF FI RE LOCATION. FT 2 O TO 12000 . , ry
1000 th D ame Wm L
rHtawned ao Jul
. 4 .
(13) ARE WEATHER OBSERVATI ONS AT THE SAME ELEVATI ON My_ A 'ﬂwé . ‘M

AS THE FIRE 2 Y-N dl’z dnd:

. apoliia Ly

MorsTueE,
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(14)
>SE

(15)

(ENTER THE CLOSURE AS |F THERE WERE FOLI AGE)

>0

(22)
385

(23)
»20

(24)
»5

(25)
>0

(26)

(27)
268

(28)
>30

(29)
>0

(30)
>0

(31)
»57

(32)
»35

(33)
>0

(34)
>0

(35)
>70

ASPECT ? N.NE,E,SE,S,SW,W,NW

CROWN CLOSURE, % 2 0-100 OR QUIT

BURN DAY 1400 TEMPERATURE, F 2 33 TO 120 OR QUIT

BURN DAY 1400 RELATIVE HUMDITY. % 72 1 TO 100

BURN DAY 1400 20- FOOT W NDSPEED, MI1/H 2 0 TO 99

BURN DAY 1400 CLOUD COVER, % ? 0 TO 100

BURN DAY 1400 HAZINESS 2 1-4
1=VERY CLEAR SKY
2=RVERAGE CLEAR FOREST ATMOSPHERE
3=MODERATE FOREST BLUE HAZE
4=DENSE HAZE

SUNSET TEMPERATURE, F 2 33 TO 120

SUNSET RELATIVE HUMIDITY, % 2?2 1 TO 100

SUNSET 20- FOOT W NDSPEED, Mi/H 2 0 TO 99

SUNSET CLOUD COVER, % 2 0 TO 100

SUNRI SE TEMPERATURE, F 2 33 TO 120

SUNRI SE RELATIVE HUMIDITY, % 2 1 TO 100

SUNRI SE 20- FOOT W NDSPEED, MI/H ? 0 TO 99

SUNRI SE CLOUD COVER, % » 0 TO 100

BURN TI ME TEMPERATURE, F 2 33 TO 120

Jhore 1 10 mnduwz

Mloatiire. Rumd
WJM
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(36) BURN TI ME RELATIVE HUMDITY, % 2 1 TO 100
»30

(37) BURN TI ME 20- FOOT W NDSPEED. MI/H 2 0 TO 99
(38) BURN TIME CLOUD COVER, % 2 0 TO 100

(39) BURN TIME HAZI NESS 2 1-4
1=vERY CLEAR SKY
2=AVERAGE CLEAR FOREST ATMOSPHERE
3=MODERATE FOREST BLUE HAZE
4=DENSE HAZE

>1

( In MowsTure , hee o 0 Yhp
ahy dutthmen g, powe Lo

(40) EXPOSURE TO WND ? 1-5

1 = EXPOSED .

2 = PARTIALLY SHELTERED Avend ad M{,w o) i SITE.
3 = FULLY SHELTERED- - OPEN STAND . ;

4 = FULLY SHELTERED- - DENSE STAND &'ﬂw”" 5 4o Tuwr Zo SITE.
5 = DI RECT ENTRY OF W ND ADJUSTMENT FACTOR

(43) MOISTURE | NI TI ALI ZATION OPTION ? 1-5 OR QUI T
1=1-HR FUEL MOl STURE KNOWN FOR BURN DAY -1
2- COMPLETE WEATHER DATA FOR 3 TO 7 DAYS

3-1 NCOMPLETE WEATHER DATA
RAI'N THE WEEK BEFORE THE BURN

4-1 NCOMPLETE WEATHER DATA
NO RAIN THE WEEK BEFORE THE BURN
WEATHER PATTERN HOLDI NG
(NO ADDI TI ONAL | NPUT)

5-1 NCOMPLETE WEATHER DATA
WEATHER PATTERN CHANGI NG
>3

(51) NUMBER OF DAYS BEFORE THE BURN THAT RAIN OCCURRED ? 1-7

N Pucipitatim ammite Canbe Pul i
(52) RAIN AMOUNT. 7 a 104 gy phe WAL Awundredtl (Yol I I1TE
0 And MOISTURE) S TE (CAM)M

(53) 1400 TEMPERATURE ON THE DAY IT RAINED, F 2 33 TO 120 xa'l_ m
v

i fn Mmfd, L inehso .
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(54) SKY CONDI TI ON PROM THE DAY I T RAINED TIL BURN DAY ? 1-3
1=CLEAR
2=CLOUDY
3=PARTLY CLOUDY

21

MOl STURE KEYWORD ~»2

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE, WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT, KEY HELP,STATUS

>LIST
MOl STURE
1--RUN OPTION===ce-mecceaa- 2- HOURLY CALCULATI ONS ( GRAPHI C OUTPUT)
2--MONTH OF BURN----------- 7.
3-=DAY OP BURN=------cooeo-- 25.
4--LATITUDE-~====ocamccococ= 46. K

5--BURN TI ME (2400 HOURS)-- 1150.
433.=TIME OF SUNRI SE
1926.=TIME OF SUNSET

6- - FUEL MODEL 5 = BRUSH (2 FT)
11-- TERRAIN SLOPE. % ------- 10.0
12- - ELEVATI ON OF FI RE
LOCATI ON, FT =========-- 1000.0
13- - ELEVATI ON OF WEATHER
OBSERVATI ONS, FT------ SAME AS FI RE LOCATI ON
14--ASPECT-----mmmmcmmeoo SE
15- - CROWN CLOSURE, % ======= .0
22--BURN DAY 1400 TEMP, F -- 85.0
23--BURN DAY 1400 RH, % ==-=- 20.0
24--BURN DAY 1400 20- FOOT
W ND SPEED, MI/H ------ 5.0
25--BURN DAY 1400 CLOUD
COVER, % ===-=ce==maco- .0
26--BURN DAY 1400 HAZI NESS- - 1=VERY CLEAR SKY
27-- SUNSET TEMPERATURE, F --  68.0
28- - SUNSET RH, g ----------- 30.0

29- - SUNSET 20- FOOT
W ND SPEED, MI/H ------
30-- SUNSET CLOUD COVER. % -~
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31- - SUNRI SE TEMPERATURE, F - 57.0

32--SUNRISE RH, % ==cc-cec--- 35.0
29- - SUNRI SE 20- FOOT

W ND SPEED, MI/H =~==-=-- .0
34--SUNRI SE CLOUD COVER. % - .0

35--BURN TI ME TEMPERATURE, F 70.0
36--BURN TIME RH, & =====-=-- 30.0
37--BURN TI ME 20- FOOT

W ND SPEED, M1/H ------ 5.0
38--BURN TI ME CLOUD COVER, % .0
39--BURN Tl ME HAZI NESS- - - - - - 1=VERY CLEAR SKY
40- - EXPOSURE OF FUELS TO

THE WIND---c-ceec—mae— 1=EXFPOSED

.4=WIND ADJUSTMENT FACTOR

43-- MOl STURE | NI TI ALl ZATI ON
CODE = mmmmemeom e e 3=INCOMPLETE WEATHER DATA

RAIN THE WEEK BEFORE THE BURN
51--NUMBER OF DAYS BEFORE

BURN THAT RAIN OCCURRED 5.0
52- - RAIN AMOUNT, | NCHES =--- .09
53--1400 TEMPERATURE ON
THE DAY I T RAINED, F =-- 70.0
54- - SKY CONDI TI ON AFTER THE
DAY I'T RAINED--------- 1=CLEAR

MOl STURE KEYWORD 2

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG.
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT, KEY HELP,STATUS

>RUN

PLOT VARI ABLE 7 0-11

0=NO MORE GRAPHS 6=MIDFLAME W ND J
1=1-HR FUEL MOI STURE 7=FUEL LEVEL W ND M’““‘M

0 o

2=DRY BULB TEMPERATURE 8=SHADE PERCENT g. T e dzl ‘ML I ‘: P

3-AlR RH 9=PROBABILITY OF | GNI TI ON

4=FUEL LEVEL TEMPERATURE ol 9 .pah.a,m;,&my (z-
5=FUEL LEVEL RH 1122 OR MORE PARAMETERS
Lot Frour Tlon

ON SAME AXES

,10 il Pwrny Tema,
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(VERSI ON 4.0)
LOCAL 1-HR DRY AR FUEL FUEL M D- FUEL SHADE PROB

SUN FUEL  BULB RH LEVEL LEVEL FLAME LEVEL oF
TIME MOS TEMP TEMP RH  WND WND 16N Ew
(HR) (%) (F) (%) (F) (%)  (MI/H) (MI/H) (%) (%) !
>y 0/ISTVRE
“— 1200 39 s 20. Q13D =& 20 1.1 0. 80. . 2
1300 3.9 85 20. 113 8. 20 1.1 0. 8o, Ldto The MO-G@
1400 3.9 8s5. 20. 113. 8. 2.0 1.1 0. BO. M WW
1500 3.2 B4. 20. 108. 9. 1.6 .9 0. 80. E;
1600 3. B2. 22. 101. 12. 1.3 .7 0. 840.
1700 i1 79. 24, 91. 16, .9 «5 0. 80.
1800 3.3 75. 26, 79. 23, .5 .3 0 80O.
1900 3.6 70. 29. 70. 29. .2 .1 0. 70,
2000 3.9 67. 30. 67. 30. .0 .0 100. 70. =
«—Ja,am!_ o
2100 4.1 65. 31. 65, a1. .0 .0 100. 60,
2200 4.4 63. 32. 63. 32. .0 .0 100. 60. and. Mm
2300 4.6 62. 33. 62. 33, .0 .0 100. 60. M -MU W
2400 4.8 60. 34. 60. 34. .Q .0 100. 60.
100 5.1 59. 34. 59. 34. .Q .0 100. 50. 3 *
200 5.3 58, 3s. 58. 35, .0 .0 100, 50. MMMM
300 5.6 57. 35. 57. EL- .0 .0 100. 50. ’ M.& .'z ' QN t /07
400 5.8 BT 35. 57. 35, .0 .0 100. 50. *

(VERSI ON 4. 0)

LOCAL 1-HR DRY AR FUEL FUEL MD  FUEL SHADE PROB ‘mew

SUN FUEL BULB RH LEVEL LEVEL FLAME LEVEL

TI ME MOl S TEMP TEMP RH WND  WND sun azt 0 on W

(HR) (%) (F) (%) (F) (%) (MI/H) (MI/H) (%) (%) Wdﬁ, %‘NU
500 6.0 57, 3s, 57. s, i -1 0. l 5 2
—- 500 6.2 58. 35. 66. 27. -4 .2 0. 50.
700 6.2 59, 34, 76. 20, .7 4 0. s0. QAL O lled ,(/n/
800 5.9 60. 34. 85. 15. .9 .5 0. 50. 2
900 5.3 63. 33, 93. 12. 1.2 7 0. 60. ifw *
1000 4.7 65. 32. 98. 11. 1.5 .9 0. 70.
1100 4.0 68. . Ja S5 101, 10. 1.8 1.0 0. 70.
1150 4.0 70. 30. 103, 10. 2.0 1.1 0. 70.

PLOT VARI ABLE 7 0-11

0= RAPHS 6=MIDFLAME W ND

1=1-HR FUEL MOISTURE 7=FUEL LEVEL W ND

2=DRY BULB TEMPERATURE 8=SHADE PERCENT

3=AIR RH 9=PROBABILITY OF | GNI TI ON
4=FUEL LEVEL TEMPERATURE 10=TABULAR OUTPUT

5=FUEL LEVEL RH 11=2 OR MORE PARAMETERS

ON SAME AXES
>1

SCALE OPTION 7 1-2

1 = USE THE CALCULATED Y- AXI'S RANGE z‘

2 = SET THE Y- AXI S RANGE ddw‘a‘td' z W A
& peade the
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m VERSI ON 4.0 v
5. S— -

6.

1 11

- 1

6: 1 1 | M‘M-Pd'nd,a., o the
5.5- 1 M

' 1 P Pt |

5- 1 : U pwta/"mb

' 1 1 é
4.5~ 1

! X

4- 11 1 1 1

' 1
3.5- 1

: 1 1

PR R (RS G P e e e el E T BT E R S E

12 14 16 18 20 22 24 2 4 6 & 10 12
s R ——————— S dunat R=dunriac

LOCAL SUN TI ME ( HOUR)

PLOT VARI ABLE ? 0-11

0=NO NORE GRAPHS 6=MIDFLAME W ND

1=1-HR FUEL MOl STURE 7=FUEL LEVEL W ND

2- DRY BULB TEMPERATURE 8=SHADE PERCENT

3=AIR RH 9- PROBABI LI TY OF I GNI Tl ON

4=FUEL LEVEL TEMPERATURE 10- TABULAR OUTPUT

5- FUEt LEVEL RH ’ /1(1)-2 OE MORCE)UPAEAME:“/ Thms thnan A o1 3 Aermmea
(L on same axes MWZ"WW

11

PARAMETER NO. 17

0=NO MORE PARAMETERS 5- FUEL LEVEL RH

l=1-HR FUEL MOl STURE 6=MIDFLAME W ND

2- DRY BULB TEMPERATURE 7=FUEL LEVEL W ND

3-AlR RH 8- SHADE PERCENT

4=FUEL LEVEL TEMPERATURE 9- PROBABILITY OF | GNITI ON
>2

PARAMETER NO. 27

0=NO MORE PARAMETERS S=FUEL LEVEL RH

l=1-HR FUEL MOI STURE 6=MIDFLAME W ND

2- DRY BULB TEMPERATURE 7- FUEL LEVEL W ND

3=AIR RH 8- SHADE PERCENT

4- FUEL LEVEL TEMPERATURE 9=PROBABILITY OF | GNI Tl ON
»4
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PARAMETER NO. 32
0=NO MORE PARAMETERS

1=1-HR FUEL MOI STURE
- 2=DpRY BULB TEMPERATURE

3=AIR RH
S 4=FUEL LEVEL TEMPERATURE
»0

SCALE OPTION 2 1-2

5=FUEL LEVEL RH
6=MIDFLAME W ND

7=FUEL LEVEL W ND
8=SHADE PERCENT
9=PROBABILITY OF | GNI Tl ON

1 = USE THE CALCULATED Y- AXI S RANGE
2 = SET THE Y- AXI S RANGE

»2

Y- AXI'S M NI MUM 2 0-200
»50

Y- AXI S MAXI MUM 2 0-200
>115

cxp.ut’a. et own o/

1=1-HR

2=DBULB 3=RH

4=FTEMP

&6=MWIND 7=FWIND B=SHADE 9=PI

T e e b R B

12 14 16 18 20
S

alecclonaleselecslonclcsalaaal

22 24 2 4 6 B 10 12

R

LOCAL SUN TI ME ( HOUR)

PLOT VARI ABLE ? 0-11

0=NO MORE GRAPHS

1=1-HR FUEL MOI STURE
2=pRY BULB TEMPERATURE
3=AIR RH

4=FUEL LEVEL TEMPERATURE
5=FUEL LEVEL RH

>0

()

6=MIDFLAME W ND

7=FUEL LEVEL W ND

8=sHADE PERCENT

9=PROBABILITY OF | GNI TI ON

10- TABULAR OUTPUT

11=2 OR MORE PARAMETERS
ON SAME AXES

65
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MOl STURE KEYWORD 2

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC, PERCENT, DEGREES,
COMMENT , KEY HELP,STATUS

>| NPUT

REM NDER: ' BURN DAY' STARTS AT NOON AND CONTI NUES FOR 24
HOURS. ALL I NPUTS ARE I N REFERENCE TO ' BURN DAY."'

(1) RUN OPTION 2 1-2 OR QUIT ﬂul. W TNl Le ! jn
1 = BURN TI ME CALCULATI ONS hange . D 4
2 = HOURLY CALCULATIONS ( GRAPHI C OUTPUT) g ”f A ¥ y

i decopt able . 4 trang, CHANGE,

AR/ 27V VI /) Lene |

(2) MONTH OF BURN ? 1-12 =

»5 W.

(3) DAY OF BURN ? 1-31

>30

(4) LATITUDE. DEG. ? 0 TO 90
>40

(4) NORTH OR SOUTH OF THE EQUATOR ? N-S
>N

SUNSET = 1918.
SUNRI SE = 442,

(5) BURN TIME 2 0000-2359
>1500

(6) FUEL MODEL 2 1-99

2 Vote the ¥ 2o tridicate
v whehs binea all ow

*(11) TERRAIN SLOPE, % 2 0 TO 100 . ™

10 o1 open) I e gtas
tappLan i /e Lad Nwn

*(12) ELEVATION OF FI RE LOCATION, FT 2 0 TO 12000 .

4500 when /cmo,pﬁw =<2,

(13) ARE WEATHER OBSERVATI ONS AT THE SAME ELEVATI ON
AS THE FIRE ? Y-N

Y

(14) DO YOU WANT CALCULATI ONS FOR ALL ASPECTS ? Y-N \ML W‘a‘/ & z L
Y

E .
(15) CROWN CLOSURE. % 2 0-100 OR QUI T

(ENTER THE CLOSURE AS |IF THERE WERE FOLI AGE)
»10



()

(16) 1S FOLI AGE PRESENT 2 Y-N JM C’a/z’duﬂa.‘&ma/ )444&,
Y deen adyg d o bl

(17) ARE THE TREES I N THE STAND SHADE TOLERANT? Y- N “M
>N

(18) DOM NANT TREE TYPE 2 1-2 ’ .
1 = CONI FEROUS . \.&ﬂ m
2

= DECI DUOUS

) &Ldmmﬂww%ﬁm%

*(19) AVERAGE TREE HEIGHT. FT 2 10 TO 300 MIM— WU
»50

*(20) RATIO OF CROWN LENGTH TO TREE HEI GHT ? .|-1 jud W
>. 7

*(21)

RATI O OF CROWN LENGTH TO CROWN DI AMETER 2 .2~
3 dx.du-m/ can “64_ 24
*(22) BURN DAY 1400 TEMPERATURE, F 2 33 TO 120 OR QUIT M’ Mm/ MLM w

»>60,72,2
3.3and :
THE FOLLOW NG VALUES W LL BE USED

60.0 62.0 64.0 66.0 68.0 70.0  72.0 ‘meww

)SK?Y—N E Z :
— $uad

*(23) BURN DAY 1400 RELATIVE HUMIDITY. % 2 1 TO 100

>40 t I t z . ‘
*(24) BURN DAY 1400 20-FooT W NDSPEED. MI/H ? O TO 99 / " z M W

>»5

*(25) BURN DAY 1400 CLOUD COVER, % ? 0 TO 100
>0

(26) BURN DAY 1400 HAZINESS 2 1-4
1=VERY CLEAR SKY
2=AVERAGE CLEAR FOREST ATMOSPHERE
3=MODERATE FOREST BLUE HAZE
4=DENSE HAZE

»1

BURN TIME |I'S BETWEEN 1200 AND 1600.
BURN TI ME CONDI TIONS W LL BE SET TO 1400 CONDI Tl ONS

(40) EXPOSURE TO WND ? 1-5
1 = EXPOSED
= PARTI ALLY SHELTERED
= FULLY SHELTERED- - OPEN STAND
FULLY SHELTERED- - DENSE STAND
= DI RECT ENTRY OF W ND ADJUSTMENT FACTOR

g B~ W N
"

»1
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(43) MOISTURE I NI TIALI ZATION OPTION 2 1-5 OR QUIT

1-1-HR FUEL MOI STURE KNOWN FOR BURN DAY -1

2=COMPLETE WEATHER DATA FOR 3 TO 7 DAYS

3=INCOMPLETE WEATHER DATA
RAIN THE WEEK BEFORE THE BURN

4=INCOMPLETE WEATHER DATA
NO RAIN THE WEEK BEFORE THE BURN
WEATHER PATTERN HOLDI NG
(NO ADDI TI ONAL | NPUT)

S=INCOMPLETE WEATHER DATA
WEATHER PATTERN CHANGI NG
4

MOl STURE KEYWORD 2

ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT,DEGREES,
COMMENT, KEY HELP-STATUS

>LI ST

MOl STURE
1-=RUN OPTION--eeoc—-c—cn== 1=BURN Tl ME CALCULATI ONS
2--MONTH OF BURN----------- 5.
3--DAY OF BURNec-ccmceeena- 30.
4--LATITUDE--=~--==m=m==mm= 40. N

5--BURN TI ME (2400 HOURS) -- 1500.
442.-TIME OF SUNRI SE
1918.=TIME OF SUNSET

6- - FUEL MODEL 2 = TIMBER ( GRASS AND UNDERSTORY)
11--TERRAIN SLOPE. % ====-=--= 10.0
12- - ELEVATION OF FIRE
LOCATI ON, FT ========== 4500.0
13- - ELEVATI ON OF WEATHER

OBSERVATI ONS, FT------ SAME AS FI RE LOCATI ON

PTG Y SEIC Ry ALL ASPECTS am——— .‘}M /Ld/?”"?- vathiable

15- - CROWN CLOSURE, % =-=------ 10.0
16=-FOLIAGE====-=ecmccacccn PRESENT
17- - SHADE TOLERANCE- - ------- | NTOLERANT
18- - DOM NANT TREE TYPE------ 1=CONIFEROUS

19- - AVERAGE TREE HEI GHT, FT 50.0
20- - RATI O OF CROWN LENGTH

TO TREE HEI GHT-------- .7
21-- RATI O OF CROWN LENGTH
TO CROAN DI AMETER- - - - - 3.0
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22- - BURN DAY 1400 TEMP, F ~—~ 60.0 62.0 64.0 66.0 68.0 70.0 72.0

23--BURN DAY 1400 RH. % ====  40.0 4“.

24--BURN DAY 1400 20- FOOT MM¢ /L"ﬂfoﬂ- W/LLMQ-/
W ND SPEED, MI/H ------ 5.0 .«?‘

25-- BURN DAY 1400 CLOUD
COVER, % ~===s=c=ccc=== .0

26-- BURN DAY 1400 HAZI NESS- - 1- VERY CLEAR SKY

%l I y Lal
@N TI ME WEATHER = 1400 V\EATHD M A%h /b -ﬂz‘w

40- - EXPOSURE OF FUELS TO
THE WINDewe-cccmcece—— 1=EXPOSED

.4=WIND ADJUSTMENT FACTOR

>

43- - MOl STURE | NI TI ALl ZATI ON
CODE-——-mmmmmemmmcceem 4=INCOMPLETE WEATHER DATA
NO RAIN THE WEEK BEFORE THE BURN
WEATHER PATTERN HOLDI NG

MOl STURE KEYWORD 2
ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT,DEGREES,
COMMENT, KEY HELP,STATUS
> RUN

TABLE VARI ABLE 2 0-9

0=NO MORE TABLES 5=FUEL LEVEL RH

1=1-HR FUEL MOI STURE 6=MIDFLAME W NDSPEED
2-DRY BULB TEMPERATURE 7- FUEL LEVEL W NDSPEED
3=AIR RH 8=SHADE PERCENT

4=FUEL LEVEL TEMPERATURE 9=PROBABILITY OF | GNI TI ON
>1
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1- HR FUEL MOI STURE. % (V4. 0)

EEEEEESEEES T EEES NS E S SN A E TN A EERCESEEEEERESESXENSSESSESEEX

| BURN TI ME TEMPERATURE. DEG F le' c"&-m_/
|
Qasumes @ Hurme

ASPECT | 60. 62. 64. 66. 68. 70. 72

ol = | S e e Mme Zempendlhe

1 b0 Mt 2ack
N 1 5.1 5.1 5.1 5.0 5.0 5.0 5.0
, . YYiste
NE | 5.3 [ 5.3 52 52 5.2 5.2 5.1 iﬁll/ﬁd.pttﬂd/
| . . .
E | 5.2 | 5.1 5.1 5.1 5.1 5.0 5.0 TNl L /'M
1 ‘M oLolunt/ dzﬂndmf
SE 1 5.1 5.1 5.0 5.0 5.0 5.0 5.0
1 on axe et
s 1 4.9 4.9 4.9 4.8 4.8 4.8 1.8
I . L
sw 1 4.8 4.7 4.7 4.7 4.7 4.6 4.6 ,_M‘MMUM/
1 zz, the Yuarel
W 1 4.8 | 4.7 4.7 4.7 4.7 4.6 4.6
: )aMamL:to
NW 1 4.9 4.9 4.9 4.8 4.8 4.8 4.8 ao un
» -

vaualwrv. Jhe
TABLE VARI ABLE 2 0-9 (ﬂm W M

0=NO MORE TABLES 5=FUEL LEVEL RH J72=r mﬁ
1=1-HR FUEL MOI STURE 6=MIDFLAME W NDSPEED aetycal W
2=DRY BULB TEMPERATURE - 7

7=FUEL LEVEL W NDSPEED

3=AIR RH 8=SHADE PERCENT
4=FUEL LEVEL TEMPERATURE 9=PROBABILITY OF | GNI Tl ON
>0

MOl STURE KEYWORD ?
f
ENTER INPUT,LIST,CHANGE,RUN,QUIT, d‘z A t&?— CM”GE jﬂ /ﬂlb

TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG, M M
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT,XEY HELP,STATUS

>CHANGE

CHANGE WHI CH LINE ? 0-59

(0 MEANS NO MORE CHANGES)
>5

(5) BURN TIME 2 0000- 2359
»1800

SINCE YOU HAVE CHANGED BURN TI ME, YOU MAY ALSO
WANT TO CHANGE BURN TI ME WEATHER
(LI'NES 35 THROUGH 39)
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()

CHANCE WHI CH LINE ? 0-59

(0 MEANS NO MORE CHANCES)
>0

MOl STURE KEYWORD 2

ENTER | NPUT. LI ST. CHANGE. RUN.QUIT,
TERSE,WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC, PERCENT,DEGREES,
COMMENT ,KEY HELP.,STATUS

>LIST

MOI STURE
1-=RUN OPTION-=wemc-cmamemmmn 1=BURN TI ME CALCULATI ONS
2- - MONTH OF BURN----------- 5.
3--DAY OF BURN-------c-no-o 30
4=--LATITUDE==-===c-smmm—maa 40. N

5--BURN TIME (2400 HOURS)-- 1800.
442.=TIME OF SUNRI SE
1918.=TIME OF SUNSET

6- - FUEL MODEL 2 = TIMBER ( GRASS AND UNDERSTORY)
11- - TERRAIN SLOPE, % =------- 10.0
12- - ELEVATION OF FIRE

LOCATION. FT =========-= 4500.0
13- - ELEVATI ON OF WEATHER

OBSERVATI ONS, FT------ SAME AS FI RE LOCATI ON
14=-ASPECTmrmccccasaccameaaa= ALL ASPECTS
15- - CROWN CLOSURE, % =====-=- 10.0
16--FOLIAGE--==========c=-=ax PRESENT
17- - SHADE TOLERANCE- -------- | NTOLERANT
18- - DOM NANT TREE TYPE------ 1=CONIFEROUS
19- - AVERACE TREE HEIGHT. FT 50.0
20- - RATI O OF CROWN LENGTH

TO TREE HEIGHT=-------- .7
21--RATI O OF CROWN LENGTH

TO CROWN DI AMETER- - - - - 3.0
22--BURN DAY 1400 TEMP. F -- 60.0 62.0 64.0 66.0 68.0 70.0
23--BURN DAY 1400 RH. % ---- 40.0
24- - BURN DAY 1400 20- FOOT

W ND SPEED, MI/H ------ 5.0
25--BURN DAY 1400 CLOUD

COVER, % =-===-========= .0
26--BURN DAY 1400 HAZI NESS- - 1=VERY CLEAR SKY
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35--BURN TI ME TEMPERATURE, F 60.0 62.0 64.0 66.0
36--BURN TIME RH, % -------- 40.0
37--BURN TI ME 20- FOOT
W ND SPEED, M1/H ------ 5.0
38--BURN TI ME CLOUD COVER, %
40- - EXPOSURE OF FUELS TO
THE WIND-v-------=-=== 1=EXPOSED

.4=WIND ADJUSTMENT FACTOR

43- - MOI STURE | NI TI ALI ZATI ON

MOl STURE KEYWORD 2
ENTER INPUT,LIST,CHANGE,RUN,QUIT,
TERSE, WORDY, PAUSE, NOPAUSE, LOG, NOLOG,
ENGLISH,METRIC,PERCENT,DEGREES,
COMMENT , KEY HELP,STATUS
QUIT

FI NI SH MOl STURE -- BACK TO FI RE2

FIRE2 KEYWORD 7

ENTER IGNITE,MOISTURE,RH,CUSTOM,
TERSE,WORDY, PAUSE, NOPAUSE, LOG,NOLOG,
ENGLISH,METRIC,PERCENT, DEGREES,
COMMENT ., KEY HELP,STATUS.QUIT

QuUIT

DOYOU REALLY WANT TO TERM NATE THI'S RUN ? Y-N
Y

PART oF THI S RUN MAY HAVE BEEN LOGGED.

THE PILE NAME IS: LOGPI L
PRINT THE FILE NOW AND DELETE IT.

FI RE2 RUN TERM NATED.

RARARARARARARARAARRARAARRARARS

72

.0 70.0

4=INCOMPLETE WEATHER DATA
NO RAIN THE WEEK BEFORE THE BURN
WEATHER PATTERN HOLDI NG

72.0

Fhew 1raluea wrire fleel
“Yllauae e
' Ge
whun ng CHANGE b
Actupjadb‘ﬂqtm.
WC’/L(CA owr Loalin
o o 4 ,ith#zm‘. A
wurdinded | (flow Lhow are



APPENDIX B: INPUT/OUTPUT
REFERENCE SHEETS

Thisappendix includes input/output reference sheets
for all modules of the FIRE1 and FIREZ2 programs of BE-
HAVE. Some have the sameitemsand line numbers as
those given in Part 1.of this manual (DIRECT, SIZE,
CONTAIN, DISPATCH), some are revised toreflect the
changes described in the body of this paper (SPOT, SITE),
and othersare for new modules (SCORCH, MORTALITY,
MAP, SLOPE, MOISTURE, IGNITE, RH). To avoid con-
fusion with previous versions, a dateisgiven at the bot-
tom of each sheet.
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The information on each sheet includes the item name,
line number (as used by the CHANGE command), an * to
indicate that a range of valuesisallowed, English and
metric units, and comments. Only one blank is given for
each input and output value. These are reference sheets
rather than worksheets. A person will normally usea
computer printout asa record of a run rather than writing
the results on a worksheet. Thisisespecially the case
when arange of valuesisentered for twoinput values
and the resulting output isa seriesof 7 x 7 tables.

These input/output sheets are al phabetized by module
name. Refer tofigure 3for the relationship among the
modules.



CONTAIN Module Input/Output
(FIREL program)

UNITS COMMENTS
English Metric
INPUT
1 Mode of attack - Direct attack
1 = Head
2 = Rear
2 Run option e

1 = Compute line building rate
2 = Compute burned area

*3 Forward rate of spread ch/h m/min -
‘4 Initialfire size ac ha e May come from SIZE
linked to DIRECT
'5  Length-to-widthratio S )
'6  Burned area target ac ha - If line building rate
is computed
7 Total line building rate ch/h m/min - If burned area is computed
Total line building rate is
twice the rate per flank
OUTPUT
1 Total length of line ch m - Perimeter of burned area
2 Total containment time h h —_—
3 Totalline building rate ch/h m/min I
or
3 Final fire size ac ha -—

‘A range of inputs is allowed

BEHAVE 1989
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S’

INPUT

2

“4

*5

9

*10

Fuel model

1-h fuel moisture
10-h fuel moisture
100-h fuel moisture

Live herbaceous fuel
moisture

Live woody fuel moisture
Midflame windspeed
Slope
Direction of wind
vector, deg clock-
wise from uphill
Direction for spread

calculations, deg
clockwise from uphill

(or from the wind vector

if slope is zero)

OUTPUT

1

2

3

Rate of spread

Heat per unit area
Fireline intensity
Flame length
Reaction intensity
Effective windspeed
Direction of maximum

spread, deg clock-
wise from uphill

_ 'A range of inputs is allowed

DIRECT Module Input/Qutput

(FIRE1 program)

UNITS
English Metric
% %
% %
% %
% %
% %o
mi/h km/h
% or % or
deg deg
deg deg
deg deg
ch/h m/min
Btu/ft? kJ/m?
Btu/fi/s kW/m
ft m
Btu/ft3/min kW/m2

mi’h km/h
deg deg

75

COMMENTS

Enter 0 for two-fuel-model
concept input

If the fuel model has this size
class

Units set using keywords
PERCENT and DEGREES

If windspeed is not zero.
Direction that the wind
is pushing the fire

Direction of maximum
spread can be
calculated

Fire behavior in the
direction specified
in input line 10

BEHAVE 1989



DISPATCH Module Input/Output
(FIRE1 program)

UNITS COMMENTS
English Metric
INPUT

1 Fuel model -—

2 Dead fuel moisture Y% Y% S 1-h, 10-h, and 100-h
3 Live fuel moisture % % — Woody and herbaceous
4 20-foot windspeed mi/h kmvh — Upslope wind
5 Wind adjustment factor —_— Midflame wind is 20-ft
wind times wind adj. factor

6 Slope % or % or -

deg deg
7 Elapsedtime from h h -

ignition to attack

8 Total line building rate ch/h m/min _— Twice the rate per flank
OUTPUT
Forward rate of spread ch/h m/min —
Heat per unit area Btu/it? kJ/m2 —
Fireline intensity Btu/ft/s kwW/m -
Flame length ft m -
Perimeter at time ch m —_—
of attack
Area at time of attack ac ha _

Head attack:
Elapsed time from attack h h
to containment

Total length of line ch m N Perimeter of burned area
Final fire size ac ha
Rear attack:

Elapsed time from attack h h
to containment

Total length of line ch m - Perimeter of burned area

Final fire size ac ha

BEHAVE 1989
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INPUT
*1  Dry bulb temperature
*2 1-hfuel moisture
*3 Shade

OUTPUT

Probability of ignition

*A range of values is allowed.

IGNITE Module Input/Output
(FIRE2 program)

English

°F
%

%

%

UNITS

77

Metric

°C
%

%

%

COMMENTS

BEHAVE 1989



INPUT

1 Map scale

2 Units option
1 = spread distance
2 = spot distance
3 = rate of spread
'3 Spread distance

‘4 Maximum spotting
distance

'5 Rate of spread
'6 Elapsedtime
OUTPUT
Map spread distance
or

Map maximum spotting
distance

‘A range of valuesis allowed

MAP Module Input/Qutput
(FIRE1 program)

UNITS
English Metric
rep frac rep frac
or or
in/mi cm/km
ch m
mi km
ch/h m/min
h h
in cm -
in cm _

78

COMMENTS

If units option=1

If units option= 2

It units option=3

If units option=1, 3
If units option = 2

In the direction of the wind

BEHAVE 1989



(Use input sheets for SITE and MOISTURE combined)

1-h fuel moisture

Dry bulb temperature
Air RH

Fuel level temperature
Fuel level RH
Midflame windspeed
Fuel level windspeed
Shade

Probability of ignition

MOISTURE Module Output
(FIRE2 program)

English
%
°F
%
°F
%

mi/h
mi/h
%

%o

UNITS

Metric

km/h

km/h

79

Yo
°C
%
°C

Yo

%

%

COMMENTS

BEHAVE 1989



MORTALITY Module Input/Output
(FIRE1 program)

INPUT
*1 Scorch height
2  Tree height
'3 Crown ratio

‘4 Bark thickness

Direct input

or from:

Species
1 = western larch, Douglas-fir
2 = western hemlock
3 = Engelmann spruce, western

red cedar

4 = lodgepole pine, subalpine fir

DBH
OUTPUT
1 Mortality level
2 Crown volume scorch

* Range of valuesis allowed.

ft

ft

%

Yo

UNITS

English Metric

80

cm

cm

Y%

%

COMMENTS

May come from SCORCH

Ratio of crown length
to tree height

BEHAVE 1989



RH Module Input/Output
(FIRE2 program)

UNITS COMMENTS
English Metric

INPUT

*1  Dry bulb temperature °F °C

*2 Wet bulb temperature °F °C —_—

*3 Elevation it m _—
OUTPUT

1 Relative humidity % % _

2 Dew point °F °C -
* Arange of values is allowed.

BEHAVE 1989
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INPUT
*1  Ambient air temperature
*2 Flame length
*3 Midflame windspeed
OUTPUT
Crown scorch height

* Arange of values is allowed.

SCORCH Module Input/Output
(FIRE1 program)

English

°F
ft

mi/h

UNITS

82

Metric

°C

m

kmvh

COMMENTS

May come from DIRECT

BEHAVE 1989



SITE and MOISTURE Module Input

(SITE in FIRE1 program; MOISTURE in FIRE2 program)

UNITS
English Metric
INPUT
1 MOISTURE run option
1 = Burn time calculations
2 = Hourly calculations
(graphic output)
TIME AND LOCATION
2 Month of burn
3 Day of burn
4 Latitude deg deg
State
5 Burntime (2400 hour)
FUEL MODEL
6 Fuel model
FUEL MOISTURE
7 10-h fuel moisture % %
8 100-h fuel moisture % %
9 Live herbaceous moisture % %
10 Live woody moisture % %
SLOPE, ELEVATION, ASPECT
11  Slope %ordeg % ordeg
Map scale rep frac rep frac
or in/mi or cm/km
Contour interval ft m
Map distance in cm
Number of contour intervals
'12  Elevation of fire location ft m

* Arange of values is allowed in MOISTURE only, run option 1.

83

COMMENTS

MOISTURE only

SITE only
If latitude is not known

SITE only
If this size class is
in the fuel model

Units set using keywords
PERCENT or DEGREES

SITE only
If slope is not known

BEHAVE 1989



SITE and MOISTURE Module Input, continued:

SLOPE, ELEVATION, ASPECT

13

'14

TIMBER OVERSTORY DESCRIPTION

15

16

17

18

19

'20

21

Elevation of T/RH obs.

Aspect (N,NE,E,SE,S,
SW,W,NW)

Crown closure
Foliage present or absent

Shade tolerant or
intolerant

Dominanttree type
1 = Coniferous
2 = Deciduous

Average tree height

Ratio of crown length
to tree height

Ratio of crown length
to crown diameter

EARLY AFTERNOON WEATHER

22

23

24

'25

26

Burn day 1400 temperature

Burn day 1400 relative
humidity

Burn day 1400 20-ft
windspeed

Burn day 1400 cloud
cover

Burn day 1400 haziness
1 = very clear sky
2 = average clear forest
atmosphere

3 = moderate forest blue haze

4 = dense haze or light
to moderate smoke

UNITS

English Metric

ft m
%o %
ft m
OF OC
% %
mi’h km/h
% Y%

* Arange of values is allowed in MOISTURE only, run option 1.
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COMMENTS

If slope is not zero

If crown closure is
not zero

Required input

If burn time is between
1200 and 1600,1400
weather is used for
burn time weather.
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SITE and MOISTURE Module Input, continued:

SUNSET WEATHER

27

'28

29

‘30

Sunset temperature
Sunset relative humidity
Sunset 20-ft windspeed

Sunset cloud cover

SUNRISE WEATHER

*31

‘32

“33

*34

Sunrise temperature
Sunrise relative humidity
Sunrise 20-ft windspeed

Sunrise cloud cover

BURN TIME WEATHER

*35

'36

‘37

'38

39

Burn time temperature

Burn time relative
humidity

Burn time 20-ft windspeed

Burn time cloud cover

Burn time haziness
1 = very clear sky

2 = average clear forest

atmosphere

3 = moderate forest blue haze
4 = dense haze or light to

moderate smoke

BURN TIME WIND

40 Exposure of fuels to the wind
0 = Don't know (SITE only)

1 = Exposed
2 = Partially sheltered

3 = Fully sheltered--open stand

UNITS
English Metric
OF OC
Y Y
mi/h km/h
Y %
°F °C
Y )
mi/h km/h
Y )
GF OC
%o %
mi/h km/h
% )

4 = Fully sheltered —losed stand

5 = Direct entry of wind adjustment factor

* Arange of values is allowed in MOISTURE only, run option 1.

COMMENTS

)

Forburn time after sunset
and before 1200

I

4
T

12 16 SS SR 12

SN~

For burn time after sunrise
and before 1200

Fa—

12 16 SS SR 12

For burn time after 1600
or before 1200

12 16 SS SR 12

For burn time (after 1600 &
before SS) or (after SR and
before 1200)

12 16 SS 12

For burn time after sunrise
and before 1200

12 16 SS SR 12
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SITE and MOISTURE Module Input, continued:

English

BURN TIME WIND

41 Burn time direction of wind vector,
degrees clockwise from uphill

42 Direction for spread calculations,
degrees clockwise from uphill or
from wind vector if slope =0
(directionof maximum spread
can be calculated)

MOISTUREINITIALIZATION OPTION

43 Moisture initializationoption
1 = Fine fuel moisture known
the day before the burn
2 = Complete weather available
for 3 to 7 days prior to the burn

3 = Incomplete weather data and
it rained the week before the burn
4 = Incomplete weather data, no

rain the week before the burn,
and weather pattern is stable
(no additional input)

5 = Incomplete weather data;
weather pattern changing

FINE FUEL MOISTURE KNOWN
FOR THE DAY BEFORE THE BURN

*44 Burn day -1 fine fuel moisture %

COMPLETE WEATHER AVAILABLE FOR
3TO 7 DAYS PRIOR TO THE BURN

45 Number of days of weather

46 Burnday -x 1400
temperature, °F or °C

Metric

%

COMMENTS

SITE only

For moisture initializationoption 1

47 Burnday -x 1400

relative humidity, % -

48 Burnday -x 1400 20-ft
windspeed, mi’h or km/h -

For moisture
initialization

49 Burnday -x 1400
cloud cover, %

option 2

50 Burnday -x rain amount,
hundredths of aninchorcm

* Arange of values is allowed in MOISTURE only, run option 1.
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SITE and MOISTURE Module Input, continued:

UNITS COMMENTS
English Metric

INCOMPLETE WEATHER DATA; RAIN
THE WEEK BEFORE THE BURN

'51  Number of days before the —

burn that rain occurred
'52 Rain amount hundredths cm  ——
of aninch For moisture
initialization
'53 1400 temperature on °F °C == option 3

the day it rained

54 Sky condition from the day —_
it rained until burn day
1 =clear
2 = cloudy
3 = partly cloudy

INCOMPLETE WEATHER DATA; NO RAIN THE WEEK

BEFORE THE BURN; WEATHER PATTERN HOLDING

For moisture
No additional input initialization
option 4

INCOMPLETE WEATHER DATA; WEATHER PATTERN CHANGING

'55 Burnday -1 1400 °F °C F—
temperature
'56 Burnday -1 1400 % % _—

relative humidity
For moisture

'57 Burnday -1 1400 20-t mi/h km/h — initialization
windspeed option 5
*58 Burn day -1 1400 cloud % % _
cover

59 Weather condition prior o
to burn day -1
1 = hot and dry
2 = cool and wet
3 =between 1 and 2

'A range of values is allowed in MOISTURE only, run option 1

BEHAVE 1989
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SITE Module Output
(FIRE1 program)

UNITS COMMENTS
English Metric
INTERMEDIATE VALUES
Time of sunset _—

Time of sunrise  —

Wind adjustment factor —_
Fuel surface temperature °F °C —_—
Fuel level relative % % —
humidity
Percent shade Yo % -
Fine dead fuel moisture %o % —_
BASIC INPUT
Fuel model N Correspondsto
DIRECT input
1-h fuel moisture Yo % —_ and output
10-h fuel moisture Yo %a T
100-h fuel moisture Yo % I
Live herbaceous fuel Yo % _
moisture
Live woody fuel moisture % Yo S
Midflame windspeed mi’h km/h S
Slope % Yo ==
Direction of wind vector, deg deg -
degrees clockwise from
uphill (or from the wind
vector if slope is zero)
Directionfor spread deg deg
calculations, degrees
clockwise from uphill
(or from the wind vector
if slope is zero)
BEHAVE 1989
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SITE Module Output , continued:

OUTPUT
Rate of spread
Heat per unit area
Fireline intensity
Flame length
Reaction intensity
Effectivewindspeed
Direction of maximum

spread, degrees
clockwise from uphill

UNITS
English Metric
ch/h m/min
Btut? kJ/m?
Btunt/s kW/m
ft m
BtuAt?min kW/m?
mi/h km/h
deg deg

89

COMMENTS
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1-h fuel moisture

Dry bulb temperature
Air RH

Fuel level temperature
Fuel level RH
Midflame windspeed
Fuel level windspeed
Shade

Probability of ignition

MOISTURE Module Output
(FIREZ2 program)

English
%
I
%
°F
%

mi/h
mi/h
%

Yo

UNITS
Metric

%

°C

%

°C

%

krmvh

km/h

%

Yo

90

COMMENTS
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. S

INPUT

1

2

3

Rate of spread
Effective windspeed

Elapsedtime

OUTPUT

1

2

Area

Perimeter
Length-to-width ratio
Forward spread distance
Backing spread distance

Maximum width of fire

‘A range of values is allowed.

SIZE Module Input/Output
(FIRE1 program)

English

ch/h
mi/h

h

ac

ch

ch
ch

ch

UNITS

Metric

m/min

km/h
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h

ha

COMMENTS

May come from DIRECT

BEHAVE 1989



SLOPE Module Input/Output
(FIRE1 program)

UNITS COMMENTS
English Metric
INPUT
1 Map scale rep frac rep frac Can enter map scale
or or either way
in/mi cm/km
"2 Contour interval ft m -
*3 Map distance in cm -
‘4 Number of contour —_
intervals
OUTPUT
1 Slope % or % or — Units set using keywords
deg deg PERCENT or DEGREES
2 Elevation change ft m =
3 Horizontal distance ft m -
* Arange of values is allowed.
BEHAVE 1989
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SPOT Module Input/Output
(FIRE1 program)

UNITS COMMENTS
English Metric
INPUT

1 Firebrand source
1 = torching trees
2 = burning pile
3 = wind-driven surface fire

"2 Mean cover height ft m —_ For torching trees or
burning pile

'3 20-ft windspeed mi‘h km/h May come from DIRECT for
wind-driven surface fire
'4  Ridge-to-valley elevation ft m
difference

5 Ridge-to-valley horizontal mi km

distance
If ridge-to-valley
6 Spotting source location —_ elevation difference

0 = midslope, windward side IS not equal to zero
1 = valley bottom
2 = midslope, leeward side
3 = ridgetop

7 Tree species —
- 1 = Engelmann spruce
2 = Douglas-fir, subalpine fir
3 = hemlock
4 = ponderosa pine, lodgepole pine
5 = white pine
6 = balsam fir, grand fir
7 = slash pine, longleaf pine For torching trees
8 = pond pine, shortleaf pine
9 = |oblolly pine

'8 Torching tree DBH in cm  —
'9  Torching tree height ft m —_—

'10 Number of trees torching ==
together

11 Continuous flame height ft m For burning pile

12 Flame length ft m _ For wind-driven surface fire
May come from DIRECT
OUTPUT

Maximum spot fire mi km _
[~ N .
- distance

_~ ‘A range of values is allowed.

BEHAVE 1989
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Andrews, Patricia L.; Chase, Carolyn H. 1989. BEHAVE: fire behavior prediction and fuel
modeling system —BURN subsystem, Part 2. Gen. Tech. Rep. INT-260. Ogden, UT:
U.S. Department of Agriculture, Forest Service, Intermountain Research Station. 93 p.

This is the third publication describing the BEHAVE system of computer programs for
predicting behavior of wildland fires. This publication adds the following predictive capa-
bilities: distance firebrands are lofted ahead of a wind-driven surface fire, probabilities of
firebrands igniting spot fires, scorch height of trees, and percentage of tree mortality.

The system includes a separate module for graphing moisture content of fine, dead fuels.
Basic assumptions, limitations, and application of the prediction models are discussed.
Previous publications in the BEHAVE series are BEHAVE: fire behavior prediction and
fuel modeling system —FUEL subsystem (Burgan and Rothermel 1984), and BEHAVE:
fire behavior prediction and fuel modeling system —BURN subsystem, Part 1 (Andrews
1986).

KEYWORDS: wildland fire, fire management, fire effects, firebrand, fire ignition, tree
mortality
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