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PREFACE

Over the past decade the science of fire
modeling has made great advances. The 13
original fire behavior fuel models have been
used successfully to represent a wide array
of fuel types in the United States. Never-
theless, fire managers, who are using fire
predictions in an increasing number of
applications, have found that existing fuel
models do not adequately match some fuel
situations. They therefore have developed
a need for techniques that will enable them
to modify existing fuel models or to devise
entirely new ones. The purpose of this
publication is to provide them with this
capability.

The FUELS subsystem of BEHAVE
contains programs that will enable fire
managers to assemble fuel models and test
their performance before releasing them for
operational use. Fuel modeling is not yet a
rigorous process; consequently science and
good judgment are both needed. Never-
theless, pilot tests have shown that the
methods are ready for application in the
field by well-trained personnel.

The programs contain new and simpli-
fied procedures for examining fuels in the
field and developing fuel models. It is not
always necessary to construct new models,
however; modifications to existing models
may be sufficient in some cases, while in
others more rigorous field inventory proce-
dures may be desirable. There are four
ways to obtain a fuel model for operational
use in BEHAVE:

1. Choose one of the 13 standard
models.

2. Modify one of the 13 standard
models.

3. Use measured data taken by inven-
tory techniques.

4, Use the new fuel modeling proce-
dures described in this manual.

The fastest solution is choosing one of
the standard 13 models (Anderson 1982).
If that does not satisfy the user, the most
representative model of the 13 can be
modified. For example, one can change
loading and depth, add green fuel, make it
a dynamic model, and so on. If modifi-
cation is not satisfactory, the next fastest
expedient would be to use our new proce-
dures. Although any method of measuring
and modeling fuels yields only approximate
answers, our new procedures are simple,
inexpensive, and rapid to use. But if the
user prefers to inventory, or to use previ-
ously inventoried data, the programs will

accommodate the fuel loads by size class
and will assist the user in providing infor-
mation needed to assemble a complete fuel
model.

Several features built into the modeling
program contribute to reasonable fuel
models and fire predictions:

1. The system will build either static or
dynamic models. This overcomes the prob-
lem that the present 13 models are primarily
designed for the time of year when fuels
are cured.

2. The procedures are designed to
combine the data from mixtures of litter,
grass, shrubs, and slash to produce a
composite model. [n this process, depths
and loads of each type are adjusted by area
covered. Such a model should be carefully
examined, tested, and its fire predictions
compared with field data and standard
models--a task simplified by the FUEL
programs.

3. If the fuels occur in individual
patches, models may be built to describe
the dominant fuel cover and the fuel that
interrupts the dominant fuel. BURN will
use both in the two-fuel-model concept
described by Rothermel (1983).

4, The slash procedures utilize several
techniques for estimating load. These are
patterned after the research of Brown
(1974) and include the number of intercepts
as well as load and depth relationships.
They also can utilize fuel photo series such
as those developed by Fischer (1981a,
1981b, 1981c), Koski and Fischer (1979),
and Maxwell and Ward (1978a, 1978b, 1979,
1980).

The site-specific fuel modeling tech-
niques described in this manual are appro-
priate for constructing fire behavior fuel
models only. They are not intended for
constructing National Fire-Danger Rating
fuel models. Basic differences between the
mathematical equations used in the fire
danger and fire behavior computer programs
preclude this possibility. These differences
occur primarily in the procedures for
weighting the influence of various fuel size
classes, thus producing outputs meant to
have different interpretations. As a result,
to reasonably represent the same "actual"
fuels situation, a fire danger fuel model
must be assigned different values than a
fire behavior fuel model, Thus, fuel models
are applicable only with the fire processor
used to construct them, and the fire danger
processor is not part of the BEHAVE
system.
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RESEARCH SUMMARY

The BEHAVE system is a set of inter-
active computer programs that (1) permit
construction of site-specific fire behavior
fuel models, and (2} contain state-of-the-
art wildland fire behavior prediction pro-
cedures that will be periodically updated.
This manual documents the fuel modeling
portion of BEHAVE. New and simplified
procedures for collecting fuels data are
described. Instructions are provided for
the use of two programs: (1) NEWMDL,
which is used to construct a "first draft"
fuel model from raw field data, and (2)
TSTMDL, which is used to test new fuel
models and adjust them until they produce
reasonable fire behavior predictions. An
extensive section describes concepts and
technical aspects of fuel modeling.
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INTRODUCTION

The site-specific fuel modeling programs described in this manual
are part of the BEHAVE System--a series of interactive fire behavior
computer programs for estimating wildland fire potential under various
fuels, weather, and topographic situations. The field procedures and
the two interactive computer programs described here--NEWMDL and
TSTMDL--provide fire managers the capability to construct site-
specific fuel models and to test their fire behavior characteristics
under a variety of simulated environmental conditions. The BURN
subsystem of BEHAVE described by Andrews (n.d.) is designed to
use the fuel models developed in FUEL along with state-of-the-art fire
prediction techniques for predicting fire behavior for operations,
planning, or training. The general structure of the BEHAVE system
and the relation of these programs to each other are illustrated in
figure 1.

BEHAVE SYSTEM

FUEL BURN

FUEL MODELING FUEL MODEL FILE FIRE PREDICTION
SUBSYSTEM (COMMUNICATION LINK) SUBSYSTEM

1 I |
NEWMDL | |

INITIAL FUEL MODEL
DEVELOPMENT
FIRE1

— ———— —] FIRE PREDICTION

STORE —_— TECHNIQUES

FUEL MODELS INCLUDING USE OF
I SITE -SPECIFIC
FUEL MODELS
TSTMDL

TEST INITIAL |

I
| | _ TRET
| FUEL MODEL FILE | STATE-OF-THE-ART

FUEL MODEL

| _ _

Figure 1.--General structure of the BEHAVE system. The BEHAVE
system utilizes a "fuel model file" to give the fire prediction sub-
system access to site-specific fuel models constructed in the fuel
modeling subsystem.

Until now, the library of fire behavior fuel models available to
match fuels situations encountered in the field has been limited to the
13 stylized fuel models developed at the Northern Forest Fire Labor-
atory (Anderson 1982) or specialized models developed for certain



parts of the country such as the southern California brush models
(Rothermel and Philpot 1973; Cohen, review draft) or the southern
rough models (Hough and Albini 1978). These fuel models have
served well in a variety of applications, but methods are needed to
accommodate a wide array of fire management activities.

Careful consideration should be given to the methods of obtaining
a fuel model. The matters of cost, time, and values at risk should
be considered. The following guidelines are suggested to aid in the
choice:

Use the standard 13 models without modification:

a. To illustrate fire behavior of different fuels in general without
reference to any particular site.

b. For estimating fire behavior when there are no other fuel
models for the area and no time to develop them.

c. When some of the standard models have been found to work
well for fuels in an area.

d. For instruction and training about fuels or fire behavior.

Use one of the standard 13 models with modifications:
a. When experience indicates better representation of fire
behavior requires a change, such as . . .

e changing a grass model from static to dynamic,

e adding live fuel to a model such as slash,

e adjusting load and/or depth to better represent local fuels,
i.e., 3-ft brush at 10 tons per acre (T/A) rather than 6-ft
at 25 (T/A),

e increasing the heat content of very flammable brush.

Use inventory techniques as developed by Brown (1974) and Brown
and others (1982):

a. For fuel appraisal, or whenever it is important to compare the
relative differences in flammability between fuels complexes.

b. For developing fuel models where fuels are relatively uniform
and values at risk warrant highly accurate fuel models for fire
prediction.

Use the new procedures in NEWMDL:

a. When an estimate of fire behavior is needed but the time and
expense of inventory is not cost effective.

b. For developing a fuel model to produce fire behavior predic-
tions that are consistent with observed behavior in fuels difficult to
model by other means.

c. For constructing fire behavior fuel models to mimic the
behavior of the National Fire-Danger Rating System (NFDRS) models
used in an area.

If one of the standard 13 models is to be used, it may be called
directly in both BURN and TSTMDL.

If one of the standard 13 models is to be modified, follow the
TSTMDL instructions.

If the new fuel modeling procedures are to be used, follow the
NEWMDL instructions.

If fuel load inventory data is to be used, it is entered in NEWMDL
when you are asked for loading by size class.

Successful fuel modeling requires a working knowledge of both the
mathematical fire spread model (Rothermel 1972) and the fire behavior
characteristics of any given vegetation type, under a variety of
environmental conditions. Therefore, fuels and fire behavior
specialists are the intended operational users of the BEHAVE system.
Nevertheless, the BEHAVE system may also serve as an effective
educational tool for those interested in learning more about how fuels
and environmental parameters influence fire behavior prediction.

The new procedures introduced in NEWMDL use a few key obser-
vations about one or more of four major fuel components: grass,



litter, shrubs, or slash. NEWMDL prompts the user for values of
the fuel descriptors in a sequence that gradually assembles the

fuel model. Once assembled, the model can be tested in a variety of
ways, including comparisons with any of the original 13 fire behavior
models.

The philosophy used in developing the new fuel modeling sub-
system has been to assemble a fuel model with minimal field sampling.
To accomplish this, the programs have the flexibility to allow entry of
information from:

* previously inventoried fuels data

* relationships compiled from past research

* new data obtained using field procedures described in
this manual.

The new field procedures are simplified through the use of a photo
series to help determine general vegetation type and density; ocular
assessments of the percentage of area covered by grass, litter,
shrubs, or slash; and simple measurements of their approximate
depths, or if available from inventory data, loads. Then load/depth
relationships defined in NEWMDL are used to determine depths from
loads or loads from depths. Load assessment will be most accurate if
measured. Depth is more difficult to estimate (Brown 1982). For
instructional purposes, where the model will not be keyed to a site,
this consideration is not important. Sample load/depth relationships
are illustrated in figure 2. The NEWMDL program contains a more
complete representation of the data in this figure. The relationships
in figure 2 show the distinction between fuel types, but there is, of
course, considerable variation in the load/depth relationship for any
one fuel type. Consequently, the first approximation may not pro-
duce reasonable fire behavior and the values may require adjustment.
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Figure 2.--An example of load/depth relationships established for
general fuel types and used in the NEWMDL program.



The interactive computer programs contribute to fuel modeling in
several ways: breaking total load into loads by size (timelag) class,
estimating heat content, surface-area-to-volume ratios, moisture of
extinction, and testing and adjusting a fuel model until it provides
fire behavior estimates that closely match known fire behavior for the
fuel complex it represents.

Either dynamic or static fuel models can be constructed. Dynamic
models transfer fuel between the live herbaceous and the l-hour
timelag categories as appropriate for seasonal changes in the moisture
content of herbaceous fuels. This process uses the herbaceous fuel
load transfer algorithm developed for the 1978 National Fire-Danger
Rating System (Burgan 1979). Static fuel models have fixed loads in
all fuel categories. The 13 fire behavior fuel models are an example
of static models that were designed for use during the more critical
portion of a fire season. The fuel loads in all live and dead classes
remain constant regardless of fuel moisture in this type of fuel model.

Both NEWMDL and TSTMDL meet the constraints imposed by
80-column-by-24-row video display terminals and 80-column printing
terminals. Although graphics are employed, specialized graphics
terminals are not required. This generality was achieved at the
expense of graphics resolution.

To increase "user friendliness," the fuel modeling programs are
tutorial and have both "wordy" and "terse" response modes. The
"wordy" mode provides full prompting, which is helpful for first time
or occasional users, while the "terse" mode produces minimal prompt-
ing desired by experienced users. In addition, program control is
through keywords that are descriptive of the task to be performed.
The details of these features are provided in the sections on oper-
ating NEWMDL and TSTMDL.

Once an acceptable fuel model has been developed, it can either be
used with the BURN subsystem of BEHAVE, or be recorded on a mag-
netic card and used with the fire behavior program developed for the
TI-59 calculator (Burgan 1979). Instructions for using the TI-59 to
predict fire behavior are given by Rothermel (1983). Instructions for
testing and verifying fire behavior predictions with any fuel model
are given by Rothermel and Rinehart (1983).

FUEL MODEL FILE--THE COMMON LINK FOR THE BEHAVE SYSTEM

Fuel model files provide a communications link between the
NEWMDL, TSTMDL, and BURN programs of the BEHAVE system
(fig. 1).

Both NEWMDL and TSTMDL enable you to build and save fuel
models in a disk file for easy access. You may manage the contents
of the file by listing, adding, replacing, or deleting fuel models.
The first record in each fuel model file is a "header" containing
(1) a password and (2) a short description of the file.

The password is user-defined and must be matched before fuel
models are added to, deleted from, or replaced in a file. This pro-
tects users from unauthorized or accidental alteration of their file.
Nevertheless, there is no restriction on creating new fuel models for
your own file, or listing the names and numbers of models currently
in any file.

The file description provides very general information about the
models in the file. They might be described as being for a particular
Forest, Ranger District, or project.

Use of keyword "FILE" may be made from any of the three
programs. TSTMDL will allow you to:

Get a previously built site-specific fuel model.

List the names and numbers of fuel models in the file.
Change a fuel file header.

Add the fuel model just built to the fuel model file.
Replace a fuel model in the file.

Delete a model from the fuel model file.

N O A W=
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General Concept

NEWMDL can perform all of these functions except get a previously
built fuel model.

The BURN program is intended to be used with previously con-
structed fuel models, in an operational mode. It will access models in
the file, but cannot alter the file.

The structure of the fuel model file is described in appendix D.

PROGRAM NEWMDL

Construction of a new site-specific fuel model should begin by
using program NEWMDL. NEWMDL defines initial values for fuel model
parameters under user control. NEWMDL is especially helpful if
extensive fuel inventory information is not available and permits con-
struction of a "composite" fuel model containing any combination of
litter, grass, shrub, or slash.

Although most fuel models can be constructed with the standard
three dead and two live fuel classes, special cases may arise where it
is necessary to enter data for two different sizes of 1-h fuels. An
example is ponderosa pine (Pinus ponderosa) slash, which may have
fine needles, but rather coarse twigs.

When such a model is being built, the program assumes measured
data is available for direct input. Upon completion of data entry,
NEWMDL will "condense" the four-dead, two-live class model to a
standard three-dead, two-live class model for use in the BEHAVE
system or the TI-59. The "condensed" model should produce fire
behavior very similar to a four-dead fuel class model.

Litter, grass, and shrub fuel information can be entered as
follows:

1. Direct input of dead fuel loads by timelag class, live loads as
woody or herbaceous, and fuel depth for each vegetation type.

2. Total load by vegetation type--depth calculated

3. Total depth by vegetation type--load calculated.

Option 1 is used when fuel inventory data are available for both load
by size class and depth by fuel component--grass, litter, or shrub.
The program then calculates a mean depth for the composite fuel
complex in addition to suggesting reasonable values for heat content,
surface-to-volume ratios, and moisture of extinction. Options 2 or 3
are used when only loads or only depths are known. In fuels with
poorly defined depths, such as forest litter, option 3 should be used
cautiously and the calculated loads checked for reasonableness.

Slash fuels may also be entered directly by load within each time-
lag class and depth (option 1) if complete inventory data are avail-
able. Otherwise relationships developed for intermountain conifers
(Brown 1978; Albini and Brown 1978) are used to estimate the slash
fuels. These relationships permit entry of:

1. Total slash load.

2. Total 10-hour timelag load only.

3. Ten-hour timelag load by species.

4, Number of 10-hour intercepts per foot, by species.

The program then assists the user in partitioning the total load into
size classes and in reducing slash depth and twig and foliage reten-
tion, as a function of harvest method and slash age.

One hundred percent ground coverage is assumed for total litter,
grass, shrub, or slash loads initially entered into the program. Such
coverage by a single fuel component is possible, but not necessarily
the case. When less than 100 percent ground coverage is specified
for any fuel component, the lIoad and the depth of that component will
be reduced accordingly. Both load and depth must be reduced so the
bulk density (amount of fuel [pounds] per cubic foot) of fuel bed will
remain the same. In addition, the same ground area may be covered
by more than one component (example: grass, litter, and slash).
Subsequent program operations sum the loads for each component,
and partition them among the size classes.
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Structure and
Operation

The final output of NEWMDL is a display of the completed fuel
model (fig 3). The model should be exercised in the TSTMDL pro-
gram to examine its fire behavior characteristics and to possibly

adjust some parameters.

A detailed explanation of the weighting procedures used to pro-
duce the completed fuel model from the users' input is provided in
appendix E.

CURRENT VALUES OF FUEL MODEL PARAMETERS

DYNAMIC 14. SAMPLE MODEL RY: BURGAN
LOAD (T/AC) S/V RATIOS OTHER
1 HR 4.87 1 HR 1880, DEPTH (FEET) 0.94
10 HR 1.00 LIVE HERE 1900. HEAT CONTENT (RTU/LEB) 8000,
100 HR 0.89 LIVE WOODY 1700, EXT MOISTURE (%) 17.
LIVE HERE 0.83 G/V = (SRAFT/CUFT)

LIVE WooDy 1.13

Figure 3.--NEWMDL output. The final output of the NEWMDL
program is a display of the completed fuel model. At this point
the model can be saved in a fuel model file.

The specific procedure for accessing your computer and the
NEWMDL program must be obtained from your computer specialist.
Once started, you will find the interactive, tutorial nature of NEWMDL
eliminates the need for a detailed explanation of program operation.
Nevertheless, a general overview of program structure and operation
is helpful.

You will first be asked to enter your name (maximum of 20 letters)
and indicate whether you want to use the "TERSE" mode (minimal
prompting for experienced users) or the "WORDY" mode (full prompt-
ing for new users). After accepting or declining a list of keywords
used for program control, you will be asked whether you want to
build a model with one or two sizes of fine (1-h) fuel. Normally one
size of fine fuel should be selected. A number and name must then
be entered for the proposed fuel model. Acceptable numbers are 14
through 99. Numbers 1 through 13 are reserved for the 13 fire
behavior fuel models (Anderson 1982).

Program control is through the use. of keywords. This provides a
great deal of operational flexibility. Any keyword above the dashed
line in the following tabulation can be entered whenever the message
"CONTROL SECTION. KEYWORD?" is printed. There is no specific
order in which litter, grass, shrub, or slash fuel loads must be
determined. In addition, you can ask for a keyword list, set terse
or wordy mode, display current values of the four fuel components,
restart the program, access the fuel model file, or quit the session,
whenever you are prompted for a keyword. But notice the restric-
tions associated with the keywords below the dashed lines.




Keyword

Function

KEY Prints this keyword list
TERSE Set terse mode for minimal prompting
WORDY Set wordy mode for full prompting
LITTER Determine load and depth of litter fuels
GRASS Determine load and depth of grass fuels
SHRUB Determine load and depth of shrub fuels
SLASH Determine load and depth of slash fuels
COMP Display values currently assigned to
each of the above four fuel components
FILE Access fuel model file
RENUMBER Renumber the fuel model
QUIT Quit session
RESTART Start program at beginning again
SURF Determine surface-to-volume ratios
(at least one of the keywords LITTER,
GRASS, SHRUB, or SLASH must be used
first to assign some fuel loads)
HEAT Determine heat content (keyword SURF
must be used before this keyword)
MODEL Display tabulation of completed fuel

model (keywords SURF and HEAT must be
used before this keyword)

Figure 4 reemphasizes the limitations associated with the keywords
below the dashed line and also illustrates the general flow of the
program. Loads and depth must be defined for at least one of the
four fuel components before surface-to-volume (S/V) ratios can be
assigned. The S/V ratios must be assigned before heat contents of
the fuel components are entered, because S/V ratios are used to
calculate a single, weighted heat content for the completed fuel model.
Surface-to-volume ratios and heat contents must be reentered if a
keyword for a fuel model component--LITTER, GRASS, SHRUBS, or
SLASH--is used, because you may have modified one or more fuel
components.

The program will not accept the keyword "MODEL" until all user-
controlled fuel model parameters have been defined, or adjusted if the
fuel model has been changed. The fuel model should be added to the
file only after you judge that reasonable values have been assigned to
all the fuel model parameters under your control. This is best done
by looking at the listing obtained from keyword "MODEL". Use of
keyword "FILE" will provide an opportunity to save the fuel model on
disk. After saving a fuel model, you may either "QUIT" to exit from
NEWMDL, or "RESTART" to begin constructing another fuel model.
The procedure for accessing any fuel model to test and adjust its fire
behavior characteristics is given in the section for operating program
TSTMDL.

You should not be able to "crash" the NEWMDL program, so feel
free to experiment with it. Appropriate messages are presented and
correct actions suggested whenever improper procedures are
attempted.

We strongly recommend that you become familiar with the operation
and capabilities of NEWMDL before collecting any fuels data in the
field. While learning how to construct fuel models, the accuracy of
your answers to the questions posed by NEWMDL is much less
important than gaining insight into the relationships between the
program and the field procedures.



PROGRAM NEWMDL

TERSE/ WORDY

DETERMINE LOADS & DEPTH FOR APPLICABLE
FUEL COMPONENTS

l

SURF

SIV RATIOS MUST BE ASSIGNED
(OR REASSIGNED IF ANY COMPONENT LOAD HAS BEEN
CHANGED) BEFORE HEAT CONTENT CAN BE ENTERED

l

HEAT

HEAT CONTENT MUST BE ASSIGNED
(OR REASSIGNED IF ANY COMPONENT LOAD HAS BEEN
CHANGED) BEFORE THE COMPLETED FUEL MODEL
CAN BE LISTED

l

MODEL

COMPLETED FUEL MODEL MAY BE LISTED
BY USING KEYWORD "' MODEL "'

SAVE FUEL MODEL
IN AFILE

Figure 4.--General flow of program NEWMDL .
The general procedure in using the NEWMDL

program is to establish fuel load, assign ‘
surface-area-to-volume ratios and heat
contents, list the model for reference, and
save it in a fuel file.
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General Data
Collection
Concept

FIELD PROCEDURES

When building a fuel model the task is more one of describing
vegetation as a fuel complex rather than precisely measuring its
biomass, although the two are related.

When considering how a particular vegetation type might burn,
remember the following limitations of the fire behavior model that will
use the fuels data.

1. The fire is assumed to be a line fire burning steadily in
surface fuels.

2. The fire model is intended to predict fire behavior produced
by fine fuels at the perimeter of the fire, usually the fire front.

3. The fire model works best in uniform, continuous fuels such
as grass, long-needle pine litter, uniform brushfields, and continuous
logging slash.

These limitations have important implications regarding how to view
vegetation as a forest or range fuel. For example, because a surface
fire is assumed, it is wrong to include vegetation that is in a sepa-
rate and distinctly higher canopy level than that near the ground.
Consider only vegetation that can influence fires before erratic
behavior such as crowning or spotting begins.

The fire model predicts behavior on the fire perimeter, normally
at the fire front. Inventory onlythe fine fuel that propagates the
fire, that is, dead fuels less than 3 inches in diameter and live fuels
of less than 1/4-inch diameter. This is often much less than the
total fuel load per acre. Ignore fuels that burn long after the fire
front has passed. These include deep duff, stumps, large logs, and
so on.

The assumption of uniform and continuous fuel means that the fire
model will calculate fire behavior as though the fuel components in the
model were mixed and distributed uniformly throughout the specified
depth.

These are reasonable assumptions when nearly all the fuel is rep-
resented by just one component, such as a field of grass or a rela-
tively continuous litter layer. The assumptions still hold even when
the fuel complex is composed of more than one component--grass,
litter, shrub, or slash--if the components are fairly well mixed.
When the data for a mixed fuel complex are entered in NEWMDL it will
produce a representative fuel model for the mixture.

But if the fuel components occur in separated patches, and the
fire will burn from one to another and back again, consider building
separate fuel models. Then the two-fuel-model concept available in
BURN can be used to predict rate of spread for this situation.

The fact that the assumptions and limitations do not always match
reality accounts in part for differences between predicted and
observed fire behavior. Nevertheless, a properly developed and
tested fuel model can be used with the fire model to produce sur-
prisingly accurate fire potential estimates.

Perhaps the greatest difficulty in constructing a site-specific fuel
model is clearly defining the fuel complex it represents. The infinite
variability produced by changes in fuel composition, quantity, depth,
continuity, and so on, make it imperative that even site-specific fuel
models must represent a rather broad range of conditions. Thus,
although the first step in constructing a site-specific fuel model may
be to obtain field data, at least the following points should be care-
fully considered in the planning phase:

1. To what general vegetation type will the model apply?
Fire should be a recurring problem in this vegetation type, and the
vegetation must be readily identifiable and sufficiently abundant to
justify the need for a separate fuel model.

2. Should the model be dynamic or static?
Dynamic models are needed only if the model is to be used throughout
the growing and curing season.



3. Should the two-fuel-model concept be considered?

4, What are the intended uses of the model?
This can dictate how accurate the data must be.

5. What is the range of fuel conditions to which the fuel model
will apply? Can it be used in similar fuels in other areas? How will
it be described so others will know its intended application?

These and other questions arising in your fire management oper-
ations will be difficult to answer, but considering such questions in
advance is helpful both in the initial collection of field data and in
later attempts to apply the model to new situations.

NEWMDL is designed to accept fuel data from a variety of sources.
This is not necessarily simpler than a single process, but it does
allow the user to utilize data on hand or design field collection pro-
cedures to match the needs of the intended application.

If you have discarded the idea of choosing one of the standard 13
models or modifying one of them, you must now select one of the
following sources of data:

utilize inventory data already collected

collect new inventory data

use photo series

use new procedures offered here

use knowledge about fuels gained from experience
combination of the above.

The inventory procedures by Brown (1974) are designed to
measure fuel load and depth by size class for naturally fallen debris
and logging slash. In a later handbook, Brown and others (1982)
give more complete procedures for inventorying surface fuels in the
interior West. The restriction of their methods to the interior West is
necessitated by relating shrub and conifer reproduction measurements
to previously measured characteristics of specific species. Their pro-
cedures provide estimates of fuel load by size class for duff, litter,
grasses and herbs, shrubs, fallen debris, and conifer reproduction.
Both living and dead loads are included, but depth of shrubs and
duff (not used here) is the only depth tallied.

An ever-expanding photo series is being developed for describing
and classifying fuels. Each photographic scene of a fuel complex
includes a description of the fuel, a fire potential rating, and data
about fuel load by size class.

Fuel inventory procedures and photo series provide data primarily
about fuel load. In some cases depth is included, but not always.
Brown and others (1982) discuss the difficulty of measuring depth.
To construct a fuel model, however, a depth must be provided along
with load. The bulk density determined by these two factors is a
primary variable needed to drive the fire model (Rothermel 1972).

The new procedures presented here overcome this problem by allowing
the user to determine a depth that can be used with inventoried
loads. The new procedures may also be used to infer fuel loads from
estimated fuel depths if inventory data are not available or if the
assessment does not warrant the time for inventory.

Figure 2 illustrates the heart of the new procedures, which rely
upon the fact that if the bulk density of a fuel component can be
estimated, then its load can be calculated using a measurement of the
depth, or the depth can be determined from a load measurement.
(Bulk density is the fuel load [1b/ft?] divided by the depth [feet].)
Note that in figure 2, the bulk densities are the inverse of the slopes
of the lines. There is, of course, scatter about these lines for dif-
ferent fuels. The specific field procedures in the next section allow
you to choose a bulk density most appropriate for grass or shrub
data. Figure 2 illustrates relationships used within the program in
greater detail, and is used to define the load/depth relationships
needed.
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Reconnaissance

Data Forms

Data forms described in the next section have been designed to
record the data needed to develop a fuel model. They will accom-
modate data obtained by any of the methods described above. As you
work with the forms and procedures, you will find that only part of
the data can be obtained from the field; other data regarding particle
size and heat content must be provided after prompting by the com-
puter.

Some fuel factors essential to the fire model are held constant
because they either have a small effect over their naturally occurring
range or would be very difficult for the user to determine.

These are:

Fuel factor Assumed value
Particle density 32 1b/ft?
Total mineral content* 0.0555
Effective mineral content* 0.010
10-h surface-to-volume ratio 109
100-h surface-to-volume ratio 30

*Fraction of dry weight.

SPECIFIC FIELD PROCEDURES

The first step is to conduct a field reconnaissance to obtain a
general impression of the fuels to be modeled. A fire that covers a
significant area will often be influenced by considerable fuel vari-
ability. Try to develop an impression of the "typical" situation by
looking at the vegetation in broad terms. During your recon-
naissance, consider the following questions about the fuel:

1. Which fuel components--litter, grass, shrubs, and slash--are
present in significant quantity?

2. How continuous are the various fuel components?

3. What fuel stratum is most likely to carry fire?

4, Are there large variations in the amount of one or more fuel
components?

5. What proportion of the fuel is in the 1-h, 10-h, 100-h, live
herbaceous, and live woody categories?

6. How many grass and shrub types must be dealt with?

7. Which bulk density photos best represent the bulk
densities of the important grasses and shrubs in the area?

8. What is a representative depth of the grasses, shrubs, litter,
or slash in the area?

9. Are the fuels sufficiently intermixed that they can be repre-
sented by a single model, or do they occur in independent "patches"
that may require use of the two-fuel-model concept?

Field measurements are time consuming and expensive; therefore
the new procedures described here have been made as simple as
possible. The equipment needed is limited to data forms, a tape
measure, a grass clipper, and a photo series, if applicable.

A separate data form is provided for each fuel component--grass,
shrubs, litter, and slash. These four forms are for entering data on
a single size of 1-h fuels--that is, the familiar three-dead-class,
two-live-class fuel model. Each form is divided into two sections: one
for summarizing existing inventory data that include both fuel load
and depth ("previously inventoried fuel data"), and the other for
recording new observations or inventory data that do not contain both
load and depth ("new fuel data"). If you have complete information
for either portion, you will be able to answer all the questions
NEWMDL will ask. Depth may not be available from your existing
fuels data. In that case you can use the new fuel data portion of the
form by supplying the additional required information. Note that this
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gives you the option of entering either load or depth. Enter load
and let NEWMDL calculate a depth for you, but be sure to check it
for reasonableness. You will also have to enter percentages of loads
in the various size classes rather than the actual values.

A fifth form is for entering data on two sizes of 1-h fuels. Such
data have to come from either detailed field measurements or from
supplemental computed programs that analyze or predict debris.

Individual Data Forms
GRASS FUEL DATA ENTRY FORM

I. Previously Inventoried Fuel Data

A. Model type (1 - 2)

1. Dynamic
2. Static

B. Total grass load (0-30 tons/acre) :

C. Depth (0-10 ft)

D. For dynamic models enter maximum
percentage that can be live (0-100%)

E. For. static models enter current
percentage live (0-100%)

F. Percentage of area covered by grass:
(0-100%)

II. New Fuel Data

A. Model type (1 - 2)

1. Dynamic
2. Static

B. Grass type (1 - 4)

. Fine--e.g., cheatgrass

. Medium--e.g., rough fescue
. Coarse--e.g., fountaingrass
. Very coarse--e.g., sawgrass

SN =

C. Bulk density class (1 - 6)
(refer to photos in user's manual)

D. Total grass load (0-30 tons/acre)
or

E. Grass depth (0-10 ft)

F. For dynamic models enter maximum
percentage that can be live (0~100%)

G. For static models enter current
percentage live (0-100%)

H. Percentage of area covered by grass
(0-100%)
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II.

SHRUB FUEL DATA ENTRY FORM

Previously Inventoried Fuel Data

A. Loads (tons/acre)
1. 1-HR (0-30)

2. 10-HR (0-30)

3. 100-HR (0-30)

4, Leaves and live twigs (0-30)

B. Depth (0-10 ft)

C. Percentage of area covered by shrubs

(0-100%)
D. O0ils and waxes (circle one) Yes
No
New Fuel Data
A. Shrub type (1-5)
1. Fine stems, thin leaves--e.g., huckleberry
2. Medium stems, thin leaves--e.g., ninebark
3. Medium stems, thick leaves--e.g., ceanothus
4. Densely packed fine stems and leaves--
e.g., chamise
5. Thick stems and leaves--e.g., manzanita
B. Bulk density class (1-6)
(refer to photos in user's manual)
C. Total shrub load (0-80 tons/acre)
or
D. Shrub depth (0-10 ft)
E. Percentage of total shrub load in each size
class. Enter as whole percentile (must
total 100%)
1. 1-HR (0-1/4 inch)
2., 10-HR (1/4-1 inch)
100-HR (1-3 inches)
4. Live leaves and twigs (0-1/4 inch)
F. Percentage of area covered by shrubs
(0-100%)
G. O0ils and waxes (circle one) Yes
No
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II.

LITTER FUEL DATA ENTRY FORM

Previously Inventoried Fuel Data

A. Loads (tons/acre)
1. 1-HR (0-30)
2. 10-HR (0-30)
3. 100-HR (0-30)

B. Depth (0-5 ft) (ft = cm + 30.48)

C. Area coverage (0-100%)

New Fuel Data

A. Litter source (1 - 3)
1. Conifers
2. Hardwoods
3. Both, but at least 30% of lesser type
B. Needle length if conifers or both (1 - 2)
1. Medium/long--e.g., lodgepole or
ponderosa pine
2, Short--e.g., Douglas-fir
C. Litter compactness (1 - 3)
1. Loose (freshly fallen)
2. Normal

3. Compact (older compressed litter)

D. Total litter load (0-100 tons/acre)

E. Litter depth (0-5 ft) (ft = cm % 30.48)

F. Percentage of total litter load in each size

class. Enter as whole percentile (must
total 100%)

1. 1-HR (0-1/4 inch)
2. 10-HR (1/4-1 inch)
3. 100-HR (1-3 inches)

G. Percentage of area covered by litter
(0-100%)
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SLASH FUEL DATA ENTRY FORM

I. Previously Inventoried Fuel Data
A. Loads (tons/acre)
1. 1-HR (0-30)
2. 10-HR (0-30)
3. 100-HR (0-30)
B. Depth (0-10 ft)
C. Area coverage (0-100%)
II. New Fuel Data
A. Logging method (1 - 3)
1. Commercial timber cut, high lead skidding
2. Commercial timber cut, ground lead skidding
3. Precommercial thinning
B. Age (0-5 yr)
C. Total component load (0.01-100 tons/acre)
D. Total 10-h load (0.01-30 tons/acre)
Crown E
class Species Species
(1-Dom) Ave % foliage % by species 10-HR load
species  (2-Int) d.b.h. retention if C or D per acre

¥
Species
intercepts
per foot

G. Average percentage twig retention, all species

H. Area coverage (0-100%)
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MULTIPLE 1-HOUR DATA ENTRY FORM

I. LITTER COMPONENT
" Loads (0-30 tons per acre) S/V ratios (800-3,500 ft2/ft3)
1-HR
1-HR
10-HR
100-HR
Depth (0-5 ft)

Area coverage (%)

II. SLASH COMPONENT
Loads (0-30 tons per acre) S/V ratios (800-3,500 ftZ/ft3)
1-HR
1-HR
10-HR
100-HR
Depth (0-10 ft)

Area coverage (%)

IIT. SHRUB COMPONENT
Loads (0-30 tons per acre) S/V ratios (800-3,500 ft2/ft3)

1-HR
1-HR '

10-HR

100-HR

Live woody
Depth (0-10 ft)
Area coverage (%)
Waxes or oils

(yes/no)

IV. GRASS COMPONENT
Loads (0-30 tons per acre) S/V ratios (800-3,500 ft2/ft3)

1-HR

1-HR

10-HR

Live herbaceous
Depth (0-10 ft)
Area covered (%)

Model type
(dynamic/static)
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COMMON
DATA ITEMS

Four items that occur in several places on the data forms will be
defined prior to subsequent use in the detailed explanation of data
entries for each fuel component.

Total component load.--This is the total load for an individual fuel
component (grass, shrub, litter, or slash). It can be any combina-
tion of 1-, 10-, and 100-h dead fuels, live herbaceous material, and
the leaves and 1/4-inch or smaller twigs of live shrubs. This fuel
generally occurs within 6 feet of the F layer surface. Record in tons
per acre.

Individual live and dead loads.--These loads are most commonly
available from existing inventory data. Record in tons per acre for
each of the following loads that should be included in the fuel model:

Dead fuels: 1-h ( less than 1/4-inch diameter)
10-h (1/4- to l-inch diameter)
100-h (1- to 3-inch diameter)

Live fuels: Leaves and live twigs less than 1/4-inch diameter.
Enter zero for those that are inappropriate.

Percent of the loads in individual classes.--When using the "New
Fuel Data" portion of the shrub and litter forms, estimate as neces-
sary the percentage of the total load in the 1-h, 10-h, 100-h, and/or
live fuel classes. These percentages are used to break the total load
into individual live and dead loads. Record the percentages of live
and dead fuels to the nearest whole percentile. The percentages
must sum to 100 for each component.

Depth.--Record the average depth of the fuel model component in
feet. If the litter component is shallow, it may be measured in centi-
meters, then converted to feet. Review the definition of depth in the
section "General Field Observation Concepts" for "Grass and Shrubs"
if there is any question about what depth is. See also figures 5 and
6. Experience has shown that 70 percent of the maximum depth gives
a reasonable estimate of depth for grass, shrubs, and slash, while
maximum depth is more appropriate for fallen litter fuels that are
lying horizontally.
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Figure 5.--Concept of grass and shrub depths. Average grass
or shrub depth is about 70 percent of the maximum leaf or stalk
height. It can be visualized as the average height of a pliable
sheet draped over the fuel particles.
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AVERAGE
SLASH
DEPTH

AVERAGE LITTER
DEPTH

Figure 6.--Concept of slash and litter depth. Litter depth is the
vertical distance from the top of the F layer to the general upper
surface of the L layer. Slash depth is about 70 percent of the
distance from the top of the natural litter layer to the average high
intercept. It can be visualized as the average depth of a pliable
sheet draped over the fuel particles.

Percentage of the area covered by each fuel component.--Initial
fuel load estimates are based on the assumption that 100 percent of
the area is covered by the fuel component in question. If your
inventory procedure was to sample the entire area, both where fuel
existed and where it did not exist, enter 100 for the percentage of
area covered. Then your inventoried load will not be reduced. If
you used the inventory procedure presented here for collecting "new"
fuel data, enter your estimate of the percentage of the area actually
covered by each fuel component. Then fuel loads will be reduced
from the assumed 100 percent coverage to actual coverage.

Estimating bulk density classes for grasses and shrubs.--Appendix
A provides photo sets to help visualize bulk densities for different
grass and shrub types, ranging from fine to very coarse.

First select the photo set that best represents the morphology of
the grass or shrub type that will most effectively carry the fire.
Then select the photo within that type that best represents its bulk
density. If the grasses or shrubs occur in clumps, select a photo
that best represents the bulk density of a typical clump, rather than
trying to estimate the average bulk density that would exist if all the
vegetation in the clumps were spread evenly over the entire area.

Once the bulk density for grasses and shrubs (or both) has been
estimated, then either their average loads or depths must be deter-
mined. Grass and shrub loads per acre can be estimated by clipping
and weighing 3-inch diameter and smaller material from sample plots of
known size, ovendrying it, weighing it, and expanding the average
sample plot load to a per-acre basis. In this process it must be
assumed that the grasses and shrubs cover 100 percent of the area,
even if that is not true. NEWMDL reduces these loads for the per-
centage of the area you state is actually covered by grasses or
shrubs.

- Estimating the grass or shrub load from its depth is a much faster
procedure. The depth of any fuel component is the vertical distance
from the bottom of the fuel component layer to the appropriate height
at which the bulk density begins to rapidly decrease; or alternatively

18




SPECIFIC DATA

Grass Component

about 70 percent of the average maximum leaf or stalk height. Figure
5 illustrates this definition for grass and shrub components. Depth
must be estimated with the assumption that the shrub or grass type
under consideration covers 100 percent of the area. From that,
NEWMDL will first estimate the load per acre based on 100 percent
area coverage, then reduce that load for actual area coverage.

Estimating load and depth for litter and slash.--Bulk density
photos for litter are impractical; therefore the bulk densities are
based on litter source (hardwoods, conifers, or both), conifer needle
length (long, medium, or short), and litter compactness (loose,
normal, or compact). These data are used by NEWMDL, along with a
depth value, to determine litter load. Litter depth is defined as the
vertical distance from the top of the F layer to the general upper
surface of the L layer. Scattered protruding fuel particles are to be
ignored. Figure 6 illustrates the definition of depth for slash and
litter.

- By far the most research has been done on slash, so the
relationships developed in these studies have been used to simplify
field observations for estimating slash loads and depths. The
required information includes logging method, slash age, and one of
several expressions of slash load. If estimating slash load is diffi-
cult, the data sheets which accompany photo series often provide an
excellent source of information. These data are most conveniently
recorded as "previously inventoried fuel data." A partial list of
available photo series is included in the "References" section.

A note of caution is advised when using photo series. The
1-h load given on the data sheet will probably not account for needles
still retained on slash. This is because the standard fuel inventory
technique used to develop these data (Brown 1974) does not include
measurements on needle loads. Brown recognizes this and has
provided multiplying ratios to calculate needle quantity based on
estimated branch wood weight. These ratios are presented in his
appendix III for several species of western conifers. Modification of
the 1-h load presented in a photo series is appropriate for "red
needle" slash.

Alternatively, fuel loads for litter or slash may be determined
directly using inventory techniques described by Brown (1974). His
publication provides excellent documentation and detailed instructions
that need not be repeated here. NEWMDL does not require an inven-
tory as described by Brown, but use of his procedures will provide
all the load and depth information required for litter and slash loads.
Again, remember to account for needle load when inventorying "red"
slash. If you have never measured fuels, some practice will be
helpful in understanding and utilizing the methods described here.

Specific instructions for completing the data forms for individual
fuel components follow.

I. Previously inventoried fuel data

A. Model type - Record whether the model is to be
dynamic or static.

B. Total grass load - Record total grass load (live and
dead) in tons per acre.

C. Depth - Record adjusted grass depth in feet.

D. Maximum percentage that can be live - For dynamic
fuel models, indicate the greatest proportion of the
total grass load that is live at any time during the
year, regardless of how green the grass may be at the
present time. Accumulation of dead grass from previ-
ous seasons will generally keep this number below 50
percent. Leave blank if you are building a static fuel
model.
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Shrub Component

II.

II.

F.

Current percentage live - For static fuel models enter the
proportion of the grass, by volume, that is live at the
time of year for which the model is being designed. It
can be estimated by clipping a few pounds of grass, sep-
arating all the live material into one pile and all dead
material into a number of piles equal in size to the pile of
live material. Then the percentage value to enter is:

100
(total number of piles)

Make no entry if you are building a dynamic model.

Area coverage - Record percentage of area covered by
grass.

New fuel data

A,

B.

Model type - Record "dynamic" or "static" as explained
under I-A above.

Grass type - Compare each page of grass type (1, 2, 3,
and 4) photos with your field situation. Record the
number of the grass type which is most similar morpho-
logically. The purpose of this step is to just select a
general grass type category.

Bulk density class - The bulk density is defined by
matching bulk density photos of the appropriate grass
type with your field observations. Record the density
class number (1-6).

Total grass load - Record if available from a "clip and
weigh" inventory, otherwise leave blank.

Grass depth - Record adjusted depth in feet. That is,
70 percent of maximum depth. See figure 5.

Maximum percentage live - See I-E above.
Current percentage live - See I-F above.

Area coverage - Record percentage of the area covered
by grass.

Previously inventoried fuel data

A,

1-, 10-, and 100-h dead fuel loads, leaf and live twig
loads - Record the load for each of these fuel categories
that should be included in the fuel model. Enter zero
for those that are inappropriate.

Depth - Record the adjusted shrub depth in feet.

Area coverage - Record percentage of the area covered
by shrubs.

Oils and waxes - Some shrubs contain oils and waxes
that significantly increase the contribution of the live
foliage to the fire intensity and also increase the mois-
ture content at which these fuels will burn. Record
whether such material is or is not present in the shrubs.

New fuel data

A.

Shrub type - Compare each page of shrub type (1, 2,

3, 4, and 5) photos with your field situation. Circle the
number of the shrub type which is most similar morpho-
logically.

Bulk density - Select by matching bulk density photos
of the appropriate shrub type with the field situation.
Record the bulk density class number (1-6).
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Litter Component

Slash Component

II.

Total shrub load - Record total shrub load in tons per
acre if available from a clip-and-weigh inventory,
otherwise leave blank.

Depth - Record shrub depth in feet.

Percentage of shrub load in each size class - Estimate to
nearest whole percentile.

Area coverage - Record percentage of area covered by
shrubs.

Oils and waxes - Review I-D for shrubs if necessary;
then record yes or no.

Previously inventoried fuel data

A,

1-, 10-, and 100-h loads - Record in tons per acre for
each of those fuel categories that should be included in
the fuel model. Enter zero for those that are
inappropriate.

Depth - Record average litter depth in feet. If the
litter is shallow it may be measured in centimeters,
then converted to feet by dividing by 30.48.

Area coverage - Enter percentage of area covered by
litter.

fuel data

Litter source - Record whether the litter results from
hardwoods, conifers, or both.

Needle length - Needle length affects the bulk density
of conifer litter, with medium- to long-needle species
such as lodgepole or ponderosa pine producing a litter
bed having a lower bulk density than short-needle
conifers such as larch or Douglas-fir. Record as
medium/long or as short.

Litter compactness - NEWMDL will use different bulk
densities for loose, normal, or compact litter. Hardwood
litter particularly is most likely to be loose or fluffy
when it first falls, but compact after it has been on the
ground for at least one winter.

Total litter load - Record total litter load in tons per
acre if available from an inventory. Skip this entry if it
is unknown.

Depth - Record litter depth in feet. If the litter is
shallow it may be measured in centimeters, then con-
verted to feet by dividing by 30.48.

Percentage of litter load in each size class - Estimate to
nearest whole percentile.

Area coverage - Record percentage of area covered by
litter fuels. .

Previously inventoried fuel data. Data obtained by com-

paring photo series with the field situation should be
entered here.

A,

1-, 10-, and 100-h loads - Record in tons per acre for
each of those fuel categories to be included in the fuel
model. Enter zero for those that are not appropriate.

Depth - Record slash depth in feet.

Area coverage - Record percentage of the area covered
by slash.

21



II.

New fuel data

A. Logging method - Record as 1, 2, or 3 to define the
slash origin as follows:

1. Commercial timber cut, high lead skidding
2. Commercial timber cut, ground lead skidding

3. Precommercial thinning

B. Age - Record slash age as number of winters it has
existed.

Slash load data can be recorded in the most convenient form as
expressed by C, D, E, or F below. In any case, record the
major species comprising the slash, the crown class code
(dominant [1] or intermediate [2]), and the average d.b.h.

of each species. You may record the percentage of foliage
retention by species if you would rather use your own data
than have the program make these estimates for you.

C. Total slash load - If the total slash load is available,
enter as tons per acre; otherwise leave blank. If
entered, record percentage of slash contributed by
each species.

D. Total 10-h load - If the total 10-h load is known,
enter as tons per acre; otherwise leave blank. If
entered, record percentage of the slash contributed by
each species.

E. Species 10-h load per acre - Record the major
species comprising the slash and the 10-h load per
acre for each species. Enter as tons per acre. Entry
of percentage slash by species is not required.

F. Species intercepts per foot - Record the species name
and the number of 10-h intercepts per foot for each
major species comprising the slash. Entry of per-
centage slash by species is not required.

G. Average twig retention, all species. Enter the per-
centage of twigs less than 1/4-inch diameter still
retained on the slash. Estimate an average value for
all the slash, rather than for each species.

H. Area coverage - Enter percentage of area covered by
slash. '
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Multiple
1-Hour Fuels

Although the familiar 3-dead-class, 2-live-class fuel model should
be adequate for most fuel modeling jobs, there may be situations
where two distinctly different sizes of 1-h fuels exist. One example
might be dead leaves and twigs on frost- or drought-killed shrubs;
another example is red coniferous slash such as ponderosa pine where
the needles have a much smaller average size than the twigs.

The NEWMDL program contains a section that will accept data on
the load and surface-to-volume ratios for two sizes of 1-h fuels plus
the 10-h, 100-h, and live fuels. This is called a 4-dead-class,
2-live-class fuel model. You are given the option of selecting this
capability early in the NEWMDL program when you are asked whether
you want to build a model with one or two sizes of fine fuels. Select
the option for two sizes of fine fuels if you have the data for the
"Multiple 1-Hour Data Entry Form." Appropriate data can be obtained
from option 2 of the DEBMOD program (Puckett and Johnson 1979), or
from a fuels inventory you conduct in the field to get the data. This
section of NEWMDL requires that you have the data on hand for
direct entry. The program will not give any tutorial assistance on
values to enter.

On completion of data entry, the program will change your 4-dead-
class, 2-live-class model to a 3-dead-class, 2-live-class model so that
it will be compatible with the rest of the BEHAVE system and the
TI-59. The 1-h load and fuel bed depth must be altered in this
process to preserve the fire behavior characteristics of the model, so
do not be concerned about that. The resultant 3-dead-class, 2-live-
class model should be tested with the TSTMDL program where you can
make any necessary adjustments.

The "Multiple 1-Hour Data Entry Form" is simple enough that
detailed explanation should not be necessary. Just record and enter
the data for those components that contribute significantly to the fuel
model. Remember, this section of the program expects direct entry
of your data. It will not suggest values to enter.

Estimating surface-area-to-volume ratios.--When using NEWMDL to
enter your data, you will be asked for surface-area-to-volume (S/V)
estimates. The following tabulation presents three broad ranges of
S/V ratios for grass, broadleaf, and coniferous plants. Although the
specific plant(s) you are concerned with may not be listed, you
should be able to find a plant similar enough to select among the
three S/V ratio ranges. The midpoint of the appropriate range would
be a good initial value. You may adjust this value later when using
the TSTMDL program to modify your. initial fuel model,

Estimating heat content.--Heat content estimates are requested
when you enter your fuel model data into NEWMDL. Guidelines are
provided by the program and will not be repeated here.
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Surface-Area-to-Volume Ratio Ranges for Various Plants

500-1,500 ft2/ft3

Jamaica sawgrass
(Mariscus jamaicensis)

Yellow beadlily
(Clintonia borealis)

Sonoma manzanita
(Arctostaphylos densiflora)

Eastern hemlock
(Thuja canadensis)

Northern white-cedar
(Thuja occidentalis)

1,500-2,500 ft2/ft3

Grasses

Fountaingrass
(Pennisetum setaceum)
Molassesgrass
(Melinis minutifiora)

Broadleaved plants

Palmetto
(Sabal spp.)
Common pearleverlasting
(Anaphalis margaritacea)
Gallberry

Spreading dogbane

(Apocynum androsaemifolium)
Bigleaf aster

(Aster macrophyllus)
Marsh peavine

(Lathyrus palustris)
Interrupted-fern

(Osmunda claytoniana)
Eucalyptus

(Eucalyptus obliqua)

Conifer needles

Jack pine

(Pinus banksiana)
Balsam fir

(Abies balsamea)
Ponderosa pine

(Pinus ponderosa)
Engelmann spruce

(Picea engelmannii)
Lodgepole pine

(Pinus contorta)
Douglas-fir

(Pseudotsuga menziesii)
Grand fir

(Abies grandis)
Loblolly pine

(Pinus taeda)
Western redcedar

{Thuja plicata)
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More than 2,500 ft2/ft3

Medusahead

(Taeniatherum asperum)
Cheatgrass

(Bromus tectorum)
Pinegrass

(Calamagrostis rubescens)
Idaho fescue

(Festuca idahoensis)
Crested wheatgrass

(Agropyron spicatum)
Broomsedge

(Andropogon virginicus)

Wild sarsaparilla
(Aralia nudicaulis)
Bunchberry dogwood
(Cornus canadensis)
Brackenfern
(Pteridium aquilinum)
Serviceberry
(Amelanchier spp.)
Roundleaf dogwood
(Cornus rugosa)
Willow
(Salix spp.)
Showy mountainash
(Sorbus decora)
Ninebark
(Physocarpus malvaceus)
Oceanspray
(Holodiscus discolor)
Mountain alder
(Alnus sinuata)
Menziesia
(Menziesia ferruginea)
Snowberry
(Symphoricarpos c¢lbus)
Blue huckleberry
(Vaccinium globulare)
Quaking aspen
(Populus tremuloides)
Red maple
(Acer rubrum)
White oak
(Quercus alba)
Scrub oak
(Quercus dumosa)
Oregon-grape
(Berberis repens)

Eastern white pine
(Pinus strobus)
Western white pine
(Pinus monticola)
Western hemlock
(Tsuga heterophylia)
Western larch
{(Larix occidentalis)



General Concept

Program Structure

PROGRAM TSTMDL

The purposes of TSTMDL are to: (1) provide a means to examine
the fire behavior characteristics of the initial fuel model under a
variety -of environmental conditions, and (2) provide a convenient
method to examine the effect on fire behavior when individual fuel
model parameters are modified. Although the NEWMDL and TSTMDL
programs systematize fuel modeling, it is far from a mechanical
process that produces incontrovertible results. It is extremely
important to test every fuel model for the broadest range of
environmental conditions to which it may be applied. Otherwise you
may find, for example, that a fuel model that works well for low fuel
moistures or windspeeds produces unrealistic fire behavior for high
moistures or windspeeds. These tests can and should be performed
with the TSTMDL program, but you are also encouraged to test any
new model with the BURN program to verify that it will not produce
spurious results when used operationally.

The initial verification of a fuel model rests upon your judgment of
whether the rate of spread, flame length, and other values are
reasonable for a range of environmental conditions. Field verification
can only be attained by using the model and comparing its predictions
with actual observations. Rothermel and Rinehart (1983) define
techniques for observing fire behavior that can be used to assess
whether your fuel model produces reasonable values.

TSTMDL has both a "normal" and a "technical" version. The
program defaults to the normal version when you first begin. The
normal version is for those situations in which a model can be built
rather easily, without a need for extensive examination. It provides
three graphs and a table. The graphs are: (1) rate of spread
versus midflame windspeed, (2) flame length versus midflame wind-
speed, and (3) the fire characteristics chart (Andrews and Rothermel
1982). Rate of spread and flame length are graphed for either one or
three values of 1-h fuel moisture over a midflame windspeed range of
0 to 18 mi/h. This chart enables comparison of your fuel model's
behavior characteristics plots to one or two of the 13 NFFL fuel
models for currently defined environmental conditions.,

The tabular output is identical in both the normal and technical
versions. It allows you to assign three values to any environmental
parameter, then lists the fuel model and the values calculated for
five fire behavior parameters: (1) rate of spread, (2) flame length,
(3) reaction intensity, (4) heat per unit area, and (5) fireline
intensity.

The technical version provides additional graphic output. It allows
you to place any fuel or environmental parameter on the x-axis and
examine its affect on any appropriate fire behavior parameter. Thus
the technical version provides a great deal of flexibility, and a
powerful means to examine the influence of the fuel model parameters
on fire behavior calculations. The interactions between the fuel
model, fire model, and environmental parameters are exceedingly
complex. You will undoubtedly get some mystifying plots, but the
educational value of this program lies in understanding them.

The TSTMDL program has three sections, each controlled by key-
words. The first section is the "control," which permits task selec-
tion and general program control; the second section is the "fuel and
environment manipulation" section for changing values of individual
parameters, and the third section is the "fuel and environment modi-
fication" section, which provides for data entry and listing (fig. 7).
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PROGRAM TSTMDL

[ C ONTI RO L S E C T I O N
N [ ] |

KEY TERSE WORDY NORM TECH QUIT
RESTART FUEL GRAP_H TABLE RENUMBER ENV T159 FILE

|

FUEL MANIPULATION SECTION ENVIRONMENT MANIPULATION SECTION
NEW NFFL | |cHanGe| | LisT QuIT NEW stD | |cHANGE] | LisT QuIT
FUEL MODIFICATION SECTION ENV | RONMENT MODIFICATION SECTION
CHANGE ANY FUEL QuIT CHANGE ANY ENV QuIT
PARAMETER PARAMETER

Figure 7.--General flow of program TSTMDL. The TSTMDL program
has three sections: control, fuel or environment manipulation, and
fuel or environment modification. Keywords associated with each
section provide user control.

When you are at the "control" section, you get to the "fuel" or
"environment" manipulation section by entering keyword FUEL or
ENV, respectively. Then, entry of keyword CHANGE takes you to
the third section, the "fuel modification" or "environment modification"
section. Each entry of kevword QUIT moves you up one section.
Thus you QUIT section three to get to section two and also QUIT
section 2 to get back to the "control" section. Entering QUIT from
the "control" section terminates operation of the program.

The keyword method of program control permits much flexibility in
program operation. For example, whenever prompted for a keyword,
you can enter any keyword belonging to the section where you are.
Thus program flow does not follow a strict pattern, but allows you to
perform tasks defined for each section in any sequence. This capa-
bility is symbolized by the dot and short line leading to each key-
word. Note that only the keywords FUEL, ENV, CHANGE, and QUIT
will move you from one section to another.

A list of keywords and their functions in program control and
manipulation of fuels and environmental data is provided in table 1.

Table 2 provides a list of keywords for selecting an environmental
variable to which additional values can be temporarily assigned for ‘
tabular input, and a list of variables that can be assigned to the X
and Y axes when using the technical version's graphics.
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Table 1,--TSTMDL keywords and functions

KEYWORD

KEY
TERSE
WORDY
NORM
TECH
FUEL

ENV
GRAPH
TABLE
RENUMBER

RESTART
FILE

TI59
QUIT

Control Section

FUNCTION

Prints this keyword list

Set terse mode for minimal prompting

Set wordy mode for full prompting

Implement "normal" version of program

Implement "technical" version of program

Go to "fuel manipulation" section

Go to "environment manipulation" section

Request graphic output of computed results

Request tabular output of computed results

Renumber fuel model and select dynamic or
static

Start program at beginning again

Access the fuel model file

List fuel model and TI-59 registers

Quit this session with TSTMDL »

Fuels and Environment Manipulation Section

Fgels Environment
KEYWORD FUNCTION KEYWORD FUNCTION
NEW Enter new fuels NEW Enter new environ-
data mental data
NFFL Enter a fire STD Enter standard
behavior model environmental data
CHANGE Go to "fuel modifi- CHANGE Go to "environment
cation" section modification"
section
LIST List fuel model LIST List environmental
data
QUIT Go to "control" QUIT Go to "control"
section section
Fuels and Environment Modification Section
Fuels Environment
KEYWORD FUNCTION KEYWORD FUNCTION
Change the: Change the:
SAl 1-HR S/V ratio M1 1-HR fuel moisture
SAH Herb S/V ratio M10 10-HR fuel moisture
SAW Woody S/V ratio M100 100-HR fuel moisture
DEPTH Fuel bed depth MHERB Live herb moisture
HEAT Heat content MWOOD Live woady moisture
EXTM Extinction moisture WIND Midflame windspeed
L1 1-HR fuel load SLOPE Percent slope
L10 10-HR fuel load QUIT Go to "environment
L100 100-HR fuel load manipulation”
LH Herbaceous load section
LW Woody load KEY List these keywords
KEY List these keywords
QUIT Go to "fuel manipu-

lation" section
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Program Operation

Table 2.,--TSTMDL keywords for tabular
and graphic output

Tabular Output Keywords

KEYWORD FUNCTION

KEY Print this keyword list
M1 1-HR fuel moisture

M10 10-HR fuel moisture
M100 100-HR fuel moisture
MHERB Live herb fuel moisture
MWOOD Live woody fuel moisture
WIND Midflame windspeed
SLOPE Slope

Graphic Output Keywords

KEYWORD MEANING

KEY Print this keyword list
SAl 1-HR S/V ratio

SAH Herb S/V ratio

SAW Woody S/V ratio

L1 1-HR fuel load

L10 10-HR fuel load
1100 100-HR fuel load

LH Herb fuel load

Lw Woody fuel load
DEPTH Fuel bed depth
EXTM Extinction moisture
HEAT Heat content

M1 1-HR fuel moisture
M10 10-HR fuel moisture
M100 100-HR fuel moisture
MHERB Herb fuel moisture
MWOOD Woody fuel moisture
WIND Midflame windspeed
SLOPE Percent slope

TSTMDL Technical Version Y-axis Keywords

FLINT Fireline intensity
RATE Rate of spread
REAC Reaction intensity
FLAME Flame length

H/A Heat per unit area
PACK Packing ratio
RSFL Rate of spread to

flame length ratio

The specific procedure for accessing your computer and the
TSTMDL program must be obtained from your computer specialist.
When you begin, the first message will indicate that you are using
the fuel model testing program and ask you to enter your last name.
A maximum of 20 characters is allowed. Then you will be asked if
you are using a hard copy device such as a printing terminal. The
purpose of this question is to indicate whether pauses are necessary
in the flow of output, as when a CRT screen is filled.
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Your next response will be to indicate whether you want the
TERSE mode. Answer "No" unless you are an experienced user.

You will then be asked whether you will be creating a new fuel
model or loading a previously built model from your fuel model file.
After making this choice you will either be asked to enter a number for
your proposed new model or for the previously built model to be selected
from the fuel model file. If you are creating a new model you will also
be asked to enter a name for the model and whether it is to be "dynamic"
or "static."

The next question is whether you want a list of keywords and
their functions. Because keywords control the program, this is a
good time to list them for reference, or you may decline the list.

If you are using the WORDY version, the next program prompt is
a suggestion to enter NORM or TECH to get the version you want.
This prompt is not printed in the TERSE version. The NORMAL ver-
sion is the default, so if this is what you want, keyword NORM does
not have to be entered, but doing so will print a message indicating
that the NORMAL version is set. You can get the TECHNICAL
version only by asking for it.

The next prompt is "CONTROL SECTION. KEYWORD?". Whenever
this prompt appears, you can enter any keyword in the control
section keyword list, although you will get error messages if the
wrong ones are entered first. Such messages will not cause the
program to "crash," but return control to the point where you can
enter another keyword. The general approach should be to:

1. Define the fuel model. Keyword FILE will give you a chance
to get a custom model from the fuel model file., Otherwise keyword
FUEL will give you the opportunity to select a fire behavior model,
input new fuel model data, change, or list all fuel model data.

2. Define the environmental data. Keyword ENV will allow you to
enter, change, or list the environmental data. You can either assign
your own values to the environmental parameters, or select one of the
"standard" conditions.

3. Define the type of output you want; that is, graphic (keyword
GRAPH), or tabular (keyword TABLE). In either case you will be
asked a few questions required to set up the graph or table.

After your first time through, in which you set up the fuel and
environmental data, you have complete freedom to use the keywords
in any order. For example, you can enter keyword FUEL or ENV,
change the value of one or more fuel or environmental parameters,
then output another graph or table. You can also switch between the
TERSE and WORDY modes or the NORMAL and TECHNICAL versions
whenever "CONTROL SECTION. KEYWORD?" is printed.

It is not necessary to enter decimal points unless your intention is
to enter a decimal fraction. They are not required for integer
numbers.

To obtain the list of TI-59 registers and numbers needed to record
this fuel model on a magnetic card, enter keyword TI59.

Like NEWMDL, TSTMDL is designed to be a friendly and "difficult
to crash" program, so you are encouraged to explore its capabilities
until you are completely familiar with its operation.

Remember that although fuel models can be created with the
TSTMDL program by entering the data directly, its primary purpose
is for testing models initially built with the NEWMDL program.
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Introduction

The Fire Spread Model

FUEL MODELING CONCEPTS

Interactions between fuel model, topography, and environmental
parameters, and the mathematical fire spread model are so numerous
and complex that attempting to present all the possible results would
be an unreasonable task. Yet a basic understanding of the relation-
ships provides valuable insight to the fuel modeling process.
Therefore this section is presented for those who are interested in
examining in detail the concepts most important to fuel modeling.

The mathematical fire model developed by Rothermel (1972) and
amended by Albini (1976) provides a means to estimate the rate at
which a fire will spread through a uniform fuel array that may
contain fuel particles of mixed sizes. It is basically a rate of spread
model, but it also computes an intensity that can be interpreted into
the more familiar fireline intensity and flame length developed by
Byram (1959).

The theoretical basis for the fire spread model was developed by
Frandsen (1971). The terms of Frandsen's equation could not be
solved analytically, however, so it was necessary to define new
terms, reformulate the equation, and design experimental methods to
evaluate the individual terms. The final form of the rate of spread
equation, derived by Rothermel (1972), which will be examined in
depth is:

CLEQ o+ 0)

R =
pbEQig
where

R is the forward rate of spread of the flaming front, in
feet per minute.

Ir is the reaction intensity--a measure of the energy release
rate per unit area of fire front (Btu/ft2/min).

£ ('kse) is the propagating flux ratio--a measure of the
proportion of the reaction intensity that heats adjacent
fuel particles to ignition,

¢w (fe wind) is a dimensionless multiplier that accounts for
the effect of wind in increasing the propagating flux ratio.

¢s (fe slope) is a dimensionless multiplier that accounts for

the effect of slope in increasing the propagating flux ratio.

N (rc_)) is a measure of the amount of fuel per cubic foot of
fuel bed (Ib/ft3).

€ (ep's -lon) is a measure of the proportion of a fuel particle
that is heated to ignition temperature at the time flaming
combustion starts.

; is a measure of the amount of heat required to ignite 1 pound
€ of fuel (Btu/lb).

Basically this equation shows that the rate at which fire spreads is a
ratio of the heat received by the potential fuel ahead of the fire, to
the heat required to ignite this fuel. Thus if fire can be thought of
as a series of ignitions, it will progress through a fuel bed at the
rate at which adjacent potential fuel can be heated to ignition temper-
ature. Only a small portion of the heat produced in the flaming front
of a wildland fire reaches nearby unignited fuel. The majority of the
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Definition of Terms
in the Spread Equation

REACTION INTENSITY (Ir)

heat is carried upward by convective activity or is radiated in other
directions. The numerator of the above equation represents the
amount of heat actually received by the potential fuel, while the
denominator represents the amount of heat required to bring this fuel
to ignition temperature.

This section presents a detailed explanation of how fuels, weather,
and topographic inputs affect these terms. Your fuel modeling
capabilities will be improved by understanding these relationships.

We will explain the concept of the spread equation by first defin-
ing the individual terms and briefly discussing what they represent.
Then we will look at the terms in greater detail to examine how fuels,
weather, and topography affect them.

Reaction Intensity (I_) is a measure of the energy release rate,
per unit area of the firé front. The units assigned to it are:
Btu/ft?/min. It is affected by:

1. Size of the individual fuel particles. Fuel particle size
strongly influences fire spread and intensity. In almost all fire
situations, the fire front advances through fine fuels such as grass,
shrub foliage, or litter. Both the size of the particles and their
compactness are important. The fire model uses a description of the
fuel particle surface-area-to-volume ratio as the input describing
particle size. The smaller the particle, the larger its surface-area-
to-volume ratio. This can be visualized by cutting a fuel particle in
half, lengthwise. The total volume of material remains the same, but
additional surface area is contributed by each of the two cut
surfaces. Thus the surface-area-to-volume ratio increases. This
process is amplified as more cuts are made, producing ever smaller
particles but more surface area.

For long, cylindrical objects such as conifer needles, twigs, and
grasses, the area of the ends can be neglected, so the surface-area-
to-volume ratio can be found by dividing the diameter into the
number 4. For flat objects such as leaves that have very little area
on their edges, the surface-area-to-volume ratio can be found by
dividing the thickness into the number 2. The unit of feet is used
for all measurements. For example, 1/4-inch diameter sticks have a
surface-area-to-volume ratio of 192 ft2/ft3, The units are often sim-
plified to 1/ft or ft71. Expressing diameter and thickness of small
fuels in feet is awkward, but avoids the problem of wondering what
units were used in various parts of the model. The mathematical
symbol used to represent surface-area-to-volume ratio is the small
Greek letter, sigma, o.

When a fuel array is composed of different size particles, the fire
model uses their individual surface areas, and the proportion of the
total surface area contributed by each size class, to arrive at a char-
acteristic size that represents the array. It is then assumed that the
array would burn as if it were composed of only fuel particles of the
characteristic size.

The timelag concept used in the National Fire-Danger Rating System
(Fosberg and Deeming 1971) for describing fuel particle size of dead .
fuels is also used in NEWMDL and TSTMDL. Only the foliage and fine
stems of living fuels are considered. These are described as either
"herbaceous" for shallow-rooted grasses and herbaceous plants, or
"woody" for deep-rooted shrubs. For woody plants, only the foliage
and twigs less than 1/4-inch diameter are considered.

2. The compactness of the fuel bed, which is expressed as the
packing ratio. At the two extremes, a fuel bed may contain no
fuel--packing ratio is 0--or it may be a solid block of wood--packing
ratio is 1. Thus, expressed as a percentage, the packing ratio is
the percentage of the fuel bed that is composed of fuel, the remain-
der being air space between the individual fuel particles. A very
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compact fuel bed burns slowly because airflow is impeded, and there
are so many particles to be heated to ignition in a given length of the
bed. A very open or porous fuel bed burns slowly because the indi-
vidual fuel particles are spaced so far apart there is little heat trans-
fer between them. That is, each particle in the fuel bed would burn
as an individual. The maximum reaction intensity occurs at some
intermediate packing ratio. The effect of fuel particle size and
packing ratio upon the reaction intensity is incorporated in an impor-
tant intermediate term called the reaction velocity. The reaction
velocity is a ratio of how efficiently the fuel will be consumed to the
burnout time of the characteristic fuel particle size. Therefore, fine
fuel arrays arranged to burn most thoroughly in the shortest time
have the largest reaction velocity. Fine fuel particles have higher
reaction velocity in fuel arrays that are very loosely packed, whereas
larger fuel particles need to be closer together to burn well.

Each size fuel particle has an optimum packing ratio. In the absence
of wind the optimum packing ratio for any particle size is determined
by a mathematical expression in the fire model. This relationship is
illustrated in figure 8. In the presence of wind, the optimum packing
ratio shifts to less tightly packed fuel arrays. The reaction velocity
is depicted in figure 9 for a range of particle sizes and packing
ratios. Note the sharp reduction in reaction velocity on either side
of the optimum packing ratio.

Because the reaction intensity depends directly upon reaction veloc-
ity, it has the same dependence upon fuel particle size and packing
ratio just described for reaction velocity.

0.16 -

0.14

0. 12J

0.10 H
0. 08 |

0.06 |-

OPTIMUM PACKING RATIO (Bog)

N ] | | ! ] —

0 1000 2000 3000 4000

FUEL PARTICLE SURFACE AREA/ VOLUME RATIO
(FT* FT®)

Figure 8.-- Optimum packing ratio.
Fuel particle surface-area-to-volume
ratio determines the optimum packing
ratio for any fuel array.

3. Moisture content of the fuel. Higher moisture contents reduce
reaction intensity because more of the heat released during combus-
tion is required to evaporate the moisture. Less heat is available to
raise the next fuel particle to ignition temperature.

4, Chemical composition. Although the quantity and type of
inorganic material in the fuel affects the rate at which it burns, our
primary concern is the heat content--the Btu's of heat released dur-
ing combustion of 1 pound of fuel. The heat content is lowest for
those fuels with few volatiles--oils and waxes--and higher for those
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REACTION VELOCITY (MIN')

Figure 9.--Reaction velocity. The reaction velocity de-
creases sharply when the packing ratio is shifted from its
optimum value for any given surface-area-to-volume ratio.

with more of them. Fuels having higher heat contents have more heat
available per pound of fuel. The rate at which this heat will be
released depends on the particle size, the packing ratio, the moisture
content, and the mineral content of the fuels. At this time the effect
of inorganic materials or minerals associated with salts in the fuel is
not adjusted in NEWMDL or TSTMDL although it is variable in the fire
model. The total salt content for all fuels is assumed constant at

5.55 percent for all fuel models and the effective salt content is
assumed constant at 1.0 percent (Rothermel 1972).

To examine some of these points graphically, figure 10 illustrates
that as the size of the individual fuel particles increases (surface-to-
volume ratio gets smaller), they must be packed more tightly to maxi-
mize the reaction intensity. That is, the maximum reaction intensity
for fine fuels occurs at a packing ratio of about 0.03 (3 percent of
the fuel bed is wood), while it occurs at a packing ratio of about
0.08 for 1/4-inch sticks and 0.10 for 1/2-inch sticks. The packing
ratio producing the maximum reaction intensity for a particular size
fuel particle is called the optimum packing ratio. At the optimum
packing ratio, the fuel/air mixture is optimized for efficient com-
bustion. Figure 10 also illustrates that reaction intensity decreases
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Figure 10.--Reaction intensity. The maximum reaction
intensity occurs at higher packing ratios for larger fuel
particles than for small ones. The reaction intensity
decreases when the packing ratio is either less than or
greater than optimum for any given fuel particle size.

when the packing ratio varies from its optimum value for any given
fuel particle size.

From a fuel modeling standpoint, it is important to know that
although the reaction intensity is maximized at the optimum packing
ratio, this does not necessarily hold for rate of spread and flame
length. Altering load and depth to adjust the packing ratio also
affects the amount of heat required to ignite the fuel, as expressed
by the denominator of the spread equation and the proportion of heat
transferred to the fuel ahead of the fire as expressed by the propa-
gating flux ratio £. Thus rate of spread and reaction intensity
do not peak at the same packing ratio.

Tabular output from TSTMDL provides both the packing ratio for
the model and a result labeled PR/OPR. The PR/OPR value is the
ratio of actual packing ratio to optimum packing ratio. It is less
than 1 if the packing ratio of the fuel model is less than optimum,

1 if they are equal, and greater than 1 if the fuel model packing
ratio exceeds the optimum value. There is no rationale for attempting
to adjust loads and depth until PR/OPR equals 1. In fact, it nor-
mally exceeds 1 for compact "horizontally oriented" fuels such as
needle litter, but is usually less than 1 for vertical fuels such as
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grass. This number will indicate how tightly your fuel model is
packed should you want to make this comparison with one of the more
familiar NFFL fuel models. Division of packing ratio by the PR/OPR
value yields the optimum packing ratio.

The heat content is the only chemically oriented fuel model param-
eter users can change. Increasing the heat content always produces
a "hotter" fuel model, while decreasing it reduces the calculated fire
behavior.

Remember that reaction intensity (Ir) is the total heat release rate

per unit area of fire front, and includes heat convected, conducted,
and radiated in all directions, not just the direction of the adjacent
potential fuel. The next term discussed serves to adjust this total
energy release rate down to that portion which is effective in propa-
gating the fire.

The propagating flux is that portion of the total heat release rate
from a fire, which is transferred and absorbed by the fuel ahead of
the fire, raising its temperature to ignition. The propagating flux is
calculated under the assumption that the fire is burning on a flat
surface and in calm air (no wind, no slope). Effects of wind and
slope are discussed later.

The parameter £ in the rate of spread equation represents a ratio
between this no-wind, no-slope propagating flux [(Ip)o] and the

reaction intensity (Ir)' Mathematically it is defined as:

It expresses what proportion of the total reaction intensity (Ir)

actually heats adjacent fuel particles to ignition. Propagating flux
ratios can vary from zero--no heat reaches adjacent fuels--to 1--all of
the heat reaches adjacent fuel. Realistically, and expressing the
propagating flux ratio in percentage, typical values range from about
1 percent to 20 percent. Multiplying the first two terms in the
numerator of the spread equation--reaction intensity times propagating
flux ratio (IrE)——produces the propagating flux, (Ip) which is an

estimator of the rate of heat transfer that would drive the fire for-
ward in a no-wind, no-slope situation.
The propagating flux ratio is affected by:

1. The average size of the fuel particles in the fuel bed, that is,
the characteristic surface-to-volume ratio.

2. The packing ratio, or fuel bed compactness as explained pre-
viously.

Figure 11 shows the effect of both packing ratio and average fuel
size on the propagating flux ratio. Note that at a constant packing
ratio--0.04 is highlighted--the propagating flux ratio is greater for
fine fuels than for coarse ones. As shown by figure 11, the
propagating flux ratio tends to increase with increasing packing ratio,
but the effect is much more pronounced in the finer fuels.

This implies that if fuel bed depth is kept constant and the dead
fuel load (1-h, 10-h, and 100-h) is increased, thereby increasing the
packing ratio, then a greater proportion of the heat produced by the
fire will be effective in preheating the adjacent unburned fuel. This
effect is more pronounced in the finer fuels. Remember, however,
the reaction intensity is also strongly affected by the packing ratio.
Reaction intensity will decrease if the fuel bed is either too tightly
packed, or too loose. Similarly, the amount of fuel that must be
heated to ignition is increased as fuel load is increased, thus illus-
trating that it is not easy to guess how fuel changes will affect fire
behavior.
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Figure 11.--Propagating flux ratio. The propagating
flux ratio increases much faster for fine fuels than
coarse ones, as the packing ratio increases. But at
any packing ratio, the propagating flux ratio is
higher for the finer fuels.

In the discussion of the no-wind propagating flux ratio (£) it was
assumed there was no ambient wind and the terrain was flat (fig.
12). When this is not the case, wind and slope coefficients (¢W) and

(¢S) are used by the fire model through the expression (1+¢W+¢S).
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Figure 12.--Schematic of a no-wind fire.

Consider the no-slope case. The wind coefficient increases rapidly
with windspeed in loosely packed fine fuels, thus greatly increasing
spread rate. This occurs because wind tips the flame forward and
causes direct flame contact with the fuel ahead of the fire as well as
increased radiation from the flame to the fuel. This greatly increases

transfer of radiant and convective heat to unburned fuel ahead of the
fire (fig. 13).
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Figure 13.--Wind-driven fire. Increased radiant and convective

heat transfer contributes to faster spread rates in wind-driven
fires.

The wind coefficient is affected by:

1.

The fuel bed's characteristic surface-area-to-volume (S/V)
ratio.

Figure 14 illustrates the effect of increasing the character-
istic S/V ratio of a fuel bed whose packing ratio is half the optimum.
Note that increasing the characteristic S/V ratio increases the wind
coefficient, and that the effect is greater at higher windspeeds. A
similar but less pronounced effect occurs for fuel beds with higher
packing ratios.

2. The packing ratio of the fuel bed. For this discussion, a
relative packing ratio is introduced. It is the ratio of the actual
packing ratio divided by the optimum packing ratio. Its value is 1.0
when beds are packed optimally in the no-wind case.

Figure 15 illus-
trates the effect of increasing packing ratio in a fuel bed whose char-

acteristic S/V ratio is 1,500. Note that the wind coefficient decreases

rapidly as the fuel bed is more tightly packed, and that the effect is
more pronounced at low packing ratios.

A similar but more pro-
nounced effect occurs with finer fuels.

280
240}
200
160}
120}

WIND COEFFICIENT

FWNE

Figure 14.--Effect of fuel particle surface-area-to-volume
ratio on wind coefficient. The effect of wind on fire
increases more rapidly for fine fuel than for coarse fuel.
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WIND COEFFICIENT

Figure 15,--Effect of packing ratio on the wind
coefficient. Wind has a greater effect on fires
in loosely packed fuels than tightly packed
fuels, with this effect being more pronounced at
low packing ratios.

3. The windspeed. Obviously an increase in windspeed will pro-
duce an increase in the wind coefficient. Even here there can be a
limit which will be discussed soon.

The wind coefficient is increased by increasing the S/V ratio of
the 1-h, live herbaceous, or live woody fuels. Reducing the packing
ratio by either reducing the fuel load or increasing the fuel bed
depth also increases the wind coefficient. Remember, however, that
packing ratio also affects reaction intensity. So decreasing the
packing ratio will increase the wind coefficient, but if the packing
ratio falls below optimum, the reaction intensity will decrease even
though the wind coefficient may be rather large.

Before leaving this discussion of wind's effect on fire behavior
modeling, one note of caution is in order. That is, while wind gen-
erally increases fire spread rate and intensity, there is a limit to this
effect. McArthur (1969) measured rate of spread on heading grass-
land fires in Australia and found that excessive wind actually
reduced the spread rate (fig. 16). Although the fire model does not
predict reduced spread rate at high windspeed, it does identify
when maximum spread is reached. Further increases in windspeed
will not give higher spread rates; the model will continue to predict
the maximum for those fuel conditions. The effect is caused by the
wind forces being stronger than the convective forces of the fire.
This will occur when the effective windspeed (mi/h) equals 1/100
of the reaction intensity (Btu/ft2/min). Effective windspeed is
the no-slope midflame windspeed that produces the same spread rate
as for a fire burning upslope and upwind. Effective windspeeds
having a magnitude greater than 0.011r will not increase the

calculated rate of spread. This wind limit may also be expressed
as 9/10 of the reaction intensity when the windspeed is in feet per
minute. This effect is most likely to be noticed with fuel models that

represent sparse fuel types. For example, at 1 percent fuel mois-
ture, NFFL model 1 (short grass) produces a maximum spread rate
when the effective windspeed is 12 mi/h, while a 42 mi/h effective
wind is required to reach the windspeed limit for NFFL model 3 (tall
grass) at the same moisture content.
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Figure 16.--Reproduction of McArthur's (1969) rate of spread data for
grass. The windspeed was measured at a height of 33 feet above the
ground in the open.

The effect of slope is introduced by the coefficient (¢s) in the
expression (1 + ¢>w + ¢>S). Wind is eliminated from this discussion by
assuming the wind coefficient (¢>W) is zero. Then as the slope

increases from 0 percent, where it does not affect spread rate, to
some larger value, the rate of spread steadily increases. The
mechanism producing this effect is the same as for wind--improved
heat transfer because the flames are closer to unburned fuels on
steeper slopes (fig. 17). The effect, however, is not as pronounced
as it is with wind.

The slope coefficient is affected by:

1. Slope steepness. The slope coefficient increases as slope
steepness increases. Negative slopes are not accepted by the model.
A discussion of backing fires on slopes and cross-slope fire spread is
given by Rothermel (1983).

2. The packing ratio of the fuel bed. As for the discussion on
the wind coefficient, the effect of packing ratio is illustrated (fig.
18) from half to twice the optimum. The slope coefficient was deter-
mined for fine fuels, which are largely responsible for fire spread.

The packing ratio of a fuel model will slightly influence its sensi-
tivity to slope steepness. This effect, however, is small relative to
the magnitude of other effects produced by changes in packing ratio
and so need not be of great concern to the fuel modeler. Changing
fuel particle size does not affect the slope coefficient. Wind and
slope are both recognized by the fire model, but there is no consid-
eration of interactions between them.
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Figure 17.--Schematic of a fire on a slope.

SLOPE COEFFICIENT

Figure 18.--Effect of packing ratio on the slope
coefficient. Although fires spread faster upslope
as slope steepness increases, the effect is much
less than that of wind. The slope coefficient is
affected little by packing ratio.

Bulk density is the first term to be discussed from the denomi-
nator of the rate of spread equation. Remember the denominator
expresses the amount of heat required to bring the fuel to ignition
temperature; that is, it represents a heat sink. Bulk density is the
ovendry weight of fuel per cubic foot of fuel bed. The units are
Ib/ft3. It is determined by dividing the fuel load (1b/ft2) by the fuel
bed depth (feet). Bulk density can be increased by increasing the
fuel load or by decreasing the fuel bed depth. It serves as a basis
for quantifying how much fuel is potentially available, per cubic foot
of fuel bed, to act as a heat sink. Not all the fuel is necessarily
heated to ignition; this is discussed in the section on the effective
heating number.

It is important to realize the significance of having the bulk
density in the denominator of the rate of spread equation. Increasing
the bulk density tends to decrease the rate of spread because the
total heat sink, as expressed by the denominator, is increased. This
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EFFECTIVE HEATING
NUMBER (e)

HEAT OF
PREIGNITION (Q 18)

effect, however, is altered by the influence of fuel load on the
reaction intensity, and bulk density on the propagating flux ratio.
Therefore, no absolute statement can be made with regard to the
effect of altering fuel load or bulk density.

When large logs burn, the center of the log may be cool, relative
to the surface that is on fire. That is, only the outer shell of the
log has been heated to ignition temperature (320° C). The effective
heating number (e) provides the means to define what proportion of
an individual fuel particle is heated to ignition temperature at the
time flaming combustion starts. This proportion depends on the size
of the fuel particle. Figure 19 shows that nearly the entire fuel
particle for fine fuels is heated to ignition temperature at the time of
ignition, while a relatively small proportion of larger fuels is heated
to this degree. Multiplication of the bulk density by the effective
heating number quantifies the amount of fuel, per cubic foot, that
must be heated to ignition temperature as the fire progresses. That
is, this product defines the amount of material in the heat sink.
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Figure 19.--Heating number. As fuel particle size decreases,
a greater portion of the fuel particle is heated to ignition
temperature at the time flaming combustion starts.

Heat of preignition (Qig) quantifies the amount of heat required to

raise the temperature of 1 pound of moist wood from ambient temper-
ature to the temperature at which it will ignite. In this process,
first the water is evaporated from the wood, then the dry wood itself
is heated. The amount of heat required to raise 1 pound of dry wood
from air temperature to ignition temperature is a reasonably constant
value that can be calculated in advance. The moisture content of
wood, however, is not constant and it strongly affects the amount of
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heat required to dry the fuel particle. Figure 20 shows that the heat
of preignition increases steadily as the moisture content of the wood
increases. Notice that even at zero percent moisture content, 250
Btu's are still required to heat each pound of absolutely dry wood to
ignition.

Although the product of bulk density times effective heating
number (pbe) quantifies how much fuel weight, per cubic foot of fuel

bed, must be heated to ignition temperature, the heat of preignition
quantifies how much heat is required to do this, per pound of moist
fuel. Thus the units for Qig are Btu/lb. Then the product (pbeQig)

is the total amount of heat (Btu's) per cubic foot of fuel bed that
must be supplied by the propagating flux.

The many interactions produced when fuel parameter values are
changed preclude an exact description of how any particular change
may affect predicted fire behavior. The technical version of TSTMDL
was developed to provide an easy way to examine these changes
graphically. You are strongly encouraged to use the technical
graphics section of TSTMDL.

This completes a first look at each term in the rate of spread
equation; however, additional fuel modeling insight can be gained
from looking at some of these terms in greater detail, and from
examining the method of weighting the influence of the various fuel
size classes.
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Figure 20.--Heat of preignition. The
amount of heat required to ignite woody
fuels increases as their moisture content

increases.
Weighting of Even though a fuel model may contain several fuel size classes,
Fuel Size Classes each having a different surface-area-to-volume (S/V) ratio, o, the

mathematical fire model requires that just one S/V ratio value repre-
sent the entire fuel complex being modeled. The method of calcu-
lating this value weights the importance of each fuel class by its
surface area, thus emphasizing the smaller fuels, which have the most
effect on spread rate. A brief discussion of the weighting procedure
may clarify some of the graphs produced by TSTMDL. Several tabu-
lations will be used to help illustrate the weighting procedure, by
placing an unusually large load in successive fuel classes. For these
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tabulations, the S/V ratio of each fuel class

constant values:

1-h S/V ratio (olh)

10-h S/V ratio (o
100-h S/V ratio (o

10n
100n’

Live herbaceous S/V ratio (o

Live woody S/V ratio (o

wd)

= 2,000
= 109
= 30

hb)

= 1,800

= 1,500

will be assigned these

ft2/£t3
ft2/ft3
ft2/1t3
ft2/ft3
ft2/ft3

The fuel model loads for the six example cases will be:

Case

number

N Ul W DN+

Fuel model load (tons/acre)

1-h

1

(SO SO GO I NS I A S o]

Live Live
10-h  100-h  herbaceous woody
2 2 2 2
12 2 2 2
2 12 2 2
2 2 12 2
2 2 2 12
2 2 6 6

The first step in the weighting procedure is to determine the

square feet of fuel surface area per square foot of fuel bed for each

fuel size class.

dividing the fuel particle density into the product of fuel particle S/V

These values are determined for each size class by

ratio times the ovendry load of that class.

celing equivalent units of measure is:

ft2 of fuel surface area 1
ft3 of fuel volume ft2

b of fuel

That is, the surface area
of any given fuel class, per cubic foot of fuel bed, obtained by can-

of fuel bed

)

(

1b

of fuel

ft3 of fuel volume

)

These surface areas will be referred to as:

A

10h

100h

> o> >

hb

Awd

Then the surface areas for all the fuels in the dead category and the
surface areas for all the fuels in the live category are summed sepa-

rately:

Adead

live

_ <ft2 of fuel surface area

ft2 of fuel bed

ft2 of 1-h fuel surface area per ft2 of fuel bed

ft2 of 10-h fuel surface area per ft2 of fuel bed

= ft?2 of 100-h fuel surface area per ft2 of fuel bed"

ft?2 of live herbaceous fuel surface area per ft2
of fuel bed

ft2 of live woody fuel surface area per ft2 of fuel bed.

= A

= A

1h

hb

+ A

+ A

10n ¥ 2100n

wd”®
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From these two sets of numbers, individual fuel class weighting
factors are calculated by dividing the surface area in each fuel class
by the total surface area in its category (live or dead):

fih = An/Adead
flon = 2100/ Adead
f100n = 2100’ Adead
fib = Ahb/ Mlive
fwd = Awd/Alive'

The first three factors define the proportions of the total dead
fuel surface area that are contributed by the 1-, 10-, and 100-h fuel
classes, while the last two define the proportions of the total live fuel
surface area that are contributed by the live herbaceous and woody
fuel classes. !

The magnitudes of these weighting factors for the six sample fuel
models are shown in the listings below. Note that the heavily loaded
fuel component has been underlined in each case.

Fuel class weighting factor

Case number flh fth flOOh fhb fwd
1 0.989 0.009 0.002 0.545 0.455
2 . 745 .244 011 .545 . 455
3 .874 .048 .078 .545 .455
4 .935 .051 .014 .878 .122
5 .935 .051 .014 .167 .833
6 .935 .051 .014 .545 .455

Because the S/V ratio for 1-h fuels is much greater than the S/V
ratio for 10- and 100-h fuels, flh will generally be much larger than
f10n °F f100n"
Live herbaceous and woody fuels often have similar S/V ratios, how-
ever, so fhb and fwd may be nearly equal. Note that the sum of the

Thus the 1-h fuels dominate the dead fuel category.

ratios in the live and dead categories of each case is 1.

The fuel class weighting factors are then used to determine a
weighted S/V ratio for the dead and live categories by summing the
products of the weighting factors for each class times the S/V ratio
defined for that class.
=f

f f

* *
10h °10h © *100h °100h

+ £
w

*
99ead ~ '1h %1n ¥

= * *
Gve ~ b %nb * fwa Cwa

The weighted S/V ratios for the dead and live categories of the six
sample fuel models are:

Weighted S/V ratios by fuel category

Case number O dead Olive
1 1,978 1,663
2 1,517 1,663
3 1,755 1,663
4 1,876 1,763
5 1,876 1,530
6 1,876 1,66_3
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Response of Fuel
Models to Fuel

' Moisture

To complete the discussion on calculation of a single fuel particle size
or S/V ratio to represent the entire fuel bed, a final set of factors is
calculated to define the proportion of the total fuel bed surface area
that is contributed by each fuel category (dead and live).

fdead = Adead

A /(A

flive - live

[{A Geaa ¥ Mive)

dead * Alive)
For the sample fuel models, these are:

Fuel category weighting factors

Case number fdead flive
1 0.786 0.214
2 .449 .551
3 .410 .590
4 .148 .852
5 .165 .835
6 .178 .822

Then the weighted S/V ratios for the dead and live categories are
combined into a "characteristic" S/V ratio for the entire fuel complex.
This is accomplished by adding the products of the weighting factor
for each category times the weighted S/V ratio for that category:

x * *
5 = fiead %dead T flive Olive

The "characteristic" S/V ratios for the fuel model examples are:

Characteristic S/V ratio
Case number for the fuel model

1,911
1,597
1,700
1,780
1,604
1,701

OOl W NV

The fire model assumes that fuel complexes composed entirely of par-
ticles having a "characteristic" S/V ratio of § would burn the same as
the actual fuel complex being modeled, which usually contains several
different fuel size classes.

From a fuel modeling standpoint, the "characteristic" S/V ratio, &,
is used numerous times in the fire model. In general, larger values
suggest a faster combustion rate, therefore faster spread rate,
greater flame lengths, increased response to wind ahd slope, etc.
The "characteristic" S/V ratio is printed in tabular output of
TSTMDL.

The most useful concept to remember from this discussion is that
the relative magnitudes of the individual fuel class weighting factors
greatly affect the response of a site specific fuel model to changes in
fuel moisture. These weighting factors are primarily affected by the
S/V ratios and loads of 1 h, live herbaceous and live woody loads, all
of which can be varied in TSTMDL.

Live and dead fuel moistures, live and dead moistures of extinc-
tion, and quantities of fine dead and live fuels all influence the
response of a fuel model to fuel moisture changes.

As was described in the previous discussion on S/V weighting of
fuel size classes, just one "characteristic" S/V ratio must represent
the entire fuel complex. Similarly, a single "characteristic" dead fuel
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moisture is determined to represent the average moisture content of
the three dead fuel classes. The weighting procedure to determine a
"characteristic" dead fuel moisture utilizes the same fuel class weight-
ing factors (fx) as described for the S/V weighting. Therefore the

1-h fuel moisture obviously dominates the "characteristic" dead fuel
moisture because of the large S/V ratio associated with it,

For any fuel type, there exists a dead fuel moisture of extinction
which is the lowest average dead fuel moisture at which a fire will not
spread with a uniform front. By this definition, fuel will only burn
if the actual moisture is less than the moisture of extinction. As the
actual fuel moisture increases and approaches the moisture of extinc-
tion the fire will burn less vigorously. When dead fuels are dry
enough to produce sufficient heat to desiccate and ignite the live
fuels, these too contribute to the predicted fire intensity.

Fuel moistures affect both the numerator and denominator of the
spread equation. The denominator is altered by changes in the heat
of preignition (Qig); higher moistures increase Qig' lower wvalues

decrease it. Fuel moistures modify the numerator by altering the
reaction intensity through a multiplier called the moisture-damping
coefficient. As the "characteristic" dead fuel moisture approaches
the dead moisture of extinction, the moisture-damping coefficient
approaches zero, thus reducing the reaction intensity. Figure 21
illustrates the general shape of the moisture-damping coefficient
curve. Graphs having this general shape are often produced by the
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Figure 21.--Moisture damping curve. Fuels r.typicall.y
have an intermediate moisture range over w_h/_ch. their
sensitivity to changes in fuel moisture is minimized.

46



General Techniques
for Adjusting
Fuel Models

technical version of TSTMDL when rate of spread or flame length are
plotted for a range of 1-h fuel moistures or loads. Increasing the
dead moisture of extinction will lengthen the "flat" center portion of
the curve indicating the fuel type being modeled will burn well under
relatively high fuel moistures. The converse is true for lower dead
fuel extinction moistures.

Dynamic fuel models react very differently from static models if
they include a significant load of live herbaceous material. In
dynamic models, material is transferred between the live herbaceous
and the 1-h classes as the herbaceous moisture content ranges
between 30 and 120 percent. This alters not only the load, but also
the weighted moisture content of the live and dead fuel categories.
The general result is that rapid changes in fire behavior predicted by
static models for critical moisture ranges are less likely in dynamic
models.

For fuel modeling, the most important concepts regarding fire
behavior response to fuel moisture are:

1. Fuel classes having the highest S/V ratio (1-h, live herba-
ceous, and live woody) dominate the fuel moisture effects.

2. If the fuel type being modeled burns well at a relatively high
moisture content, the model should have a high dead fuel moisture of
extinction. If the fuels do not burn well at high moistures, the
model should have a low moisture of extinction.

3. When combustion of the dead fuels produces enough heat to
desiccate and ignite the live fuels, they too will add to the total fire
intensity; otherwise they serve as a heat sink.

4, The dead moisture of extinction defines the "characteristic"
moisture of dead fuels at which fire will not spread with a uniform
front. Increasing the moisture of extinction will increase predicted
fire behavior at all moisture levels--for example, fuels that burn well
at high moisture levels should be given high values of moisture of
extinction, 30 percent or more.

5. The fire behavior response of a fuel model to changes in fuel
moistures is strongly affected by the relative loads in the fuel
classes.

6. For dynamic models, herbaceous fuel moisture changes in the
range of 30-120 percent produce fuel load transfers between the 1-h
and the live herbaceous classes, thereby altering the moisture damp-
ing curve. The resulting fire behavior may be quite different than a
similar static model.

This discussion section ends with general guidelines on how to
adjust the fire behavior characteristics of a fuel model. It must be
emphasized, however, that guidelines only can be provided. Inter-
actions of the fuel model and environmental parameters with the fire
model are so complex that "cookbook rules" cannot be substituted for
a basic understanding of the fuel modeling process and examination of
the models with TSTMDL. Fuel models should first be adjusted to
perform well at low fuel moistures, then tested at higher fuel mois-
tures to see if they respond properly there. The standard environ-
mental conditions in the TSTMDL program provide a convenient means
to set up low-, medium-, and high-moisture situations. If a fuel
model must be adjusted to respond properly at high moistures, check
the low-moisture response again to ensure that it is reasonable. All
new fuel models should be well tested at all possible environmental
conditions for which they may be used. This will help eliminate any
undesired surprises in operational situations.

A common fuel-modeling problem is having the spread rate about
right, but the flame length too low, or vice versa. The technical
version of TSTMDL provides an opportunity to determine whether
changing a particular fuel model parameter has a greater effect on the
spread rate or the flame length. This can be accomplished by plot-
ting the ratio of spread rate to flame length for a range of any fuel
model or environmental parameter. Such a plot will show whether
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CHANGING FUEL LOAD

spread rate will increase faster than flame length (rising curve) or
slower (descending curve) as the value of the selected parameter
changes (fig. 22). Modifying the fuel model parameters in the follow-
ing order is a reasonable way to proceed.

1. Adjust loads.
(a) 1-h timelag
(b) live herbaceous
(c) live woody
(d) 10-h timelag
(e) 100-h timelag
2. Adjust fuel bed depth.
3. Adjust surface-area-to-volume ratios.
(a) 1-h timelag
(b) live herbaceous
(c) live woody
4, Adjust the extinction moisture for dead fuels.
5. Adjust the heat content.
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Figure 22.--Relative effect of 1-h timelag load on rate of spread vs
flame length for this sample model. From A to B the rate of spread
increases faster than flame length. From B to C flame length
increases faster than rate of spread.

Fuel loads have both direct and indirect effects on every variable
in the spread equation. Therefore because the load can be changed
for any of the three dead and two live classes, a wide variety of
responses can be produced. Usually an increase in fuel load will
cause reaction intensity to increase more than rate of spread. In
fact, the rate of spread may actually decrease because more fuel must
be raised to ignition temperature. Addition of live herbaceous or
woody fuels increases fuel model sensitivity to seasonal moisture
changes in living vegetation. The general effect of live herbaceous
fuel in dynamic models is to produce somewhat more intense fire
behavior than static models when the live herbaceous moisture is
between 30 and 120 percent. Transfer of "fine" fuel between the
herbaceous and l1-h classes accounts for this.

The sensitivity of a fuel model to wind and slope can be increased
by reducing the fuel load, thereby decreasing the packing ratio.

Because of the complex effects fuel load changes can produce, it is
suggested that the technical version be used to plot rate of spread
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CHANGING FUEL
BED DEPTH

CHANGING S/V RATIOS

CHANGING DEAD FUEL
MOISTURE OF EXTINCTION

CHANGING HEAT CONTENT

and flame length over a wide range for any fuel load class you are
investigating.

Increasing the 1-h load will generally increase the rate of spread
and flame length until the fuel model becomes too tightly packed, then
the rate of spread will decrease. Additional 10- or 100-h loads will
generally decrease the rate of spread, but the flame length may
either increase or decrease.

Increasing fuel bed depth reduces the packing ratio, making a fuel
model more sensitive to both wind and slope. Increasing depth also
reduces the bulk density, which in turn reduces the heat sink
(denominator of the spread equation), thus tending to increase the
rate of spread. Increasing depth increases the reaction intensity if
the packing ratio is greater than optimum (PR/OPR in TSTMDL tabu-
lar output is greater than 1), but decreases it if the packing ratio is
less than optimum. Because both rate of spread and reaction inten-
sity affect flame length, no absolute statements can be made about
how depth changes will affect it.

In loosely packed fuels, increasing the S/V ratio of 1-h, live
herbaceous, or live woody fuels will increase the rate of spread and
flame length, and also increases the sensitivity of the fuel model to
wind, but not to slope. Increasing the S/V ratio in tightly packed
fuels, however, may decrease the spread rate and flame length.

The greater the difference between the weighted dead moisture
of the 1-, 10-, and 100-h fuels, and the dead fuel moisture of
extinction, the more intense the predicted fire behavior. Dead mois-
ture of extinction not only defines the weighted moisture content for
dead fuels at which predicted fire behavior is zero, but also influ-
ences the fire intensity predicted at all fuel moisture levels. Increas-
ing dead fuel extinction moisture produces a "hotter" fuel model at all
moisture levels and increases the moisture at which the fire is pre-
dicted to stop spreading. Changes in moisture of extinction will pro-
duce more pronounced fire behavior response at high fuel moisture,
however, than at low fuel moisture.

Heat content affects all fire behavior outputs directly; higher
heat content produces more intensive fire behavior, lower heat
content reduces it. Because the effect of heat content is direct and
predictable, it provides a means to "fine tune" a fuel model.
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RECORDING AND USING SITE-SPECIFIC
FUEL MODELS WITH THE TI-59 CALCULATOR

After developing, refining, and testing a fire behavior fuel model
with the NEWMDL, TSTMDL, and BURN programs of the BEHAVE
system, it can be recorded on a magnetic card for use in the field
with a TI-59 calculator containing a fire behavior CROM. To obtain
the values for a fuel model and the TI-59 registers in which to enter
them, use program TSTMDL to first "load" the fuel model, either from
your fuel model file, or by entering it directly. Entry of keyword
TI59 in the "CONTROL" section of TSTMDL will list the values to
enter in the TI-59 registers. A sample listing is shown in figure 23.
Figure 24 provides a form on which you can record the values for
your fuel model if you are not using a hard-copy terminal.

TI-59 Data for Static (Dynamic) Model XX Model Name

Model parameter Parameter value TI Reg. No.
————— Loads--—---
1-HR 0.0689 11
10-HR 0.0460 12
100-HR 0.0115 13
Live herbaceous 0.0459 15
Live woody 0.0688 16
--==S/V ratio---
1-HR 2000, 17
10-HR 109. 18
100-HR 30. 19
Live herb 1800. 21
Live woody 1700. 22
-——-Others----
Heat content 8000. 23
ROS for IC 999999. 24
Ext moisture 30. 25
Depth 0.20 26
M WS constant 1. 27

To use static models in the TI-59, the live herbaceous and
live woody loads have been combined in the live woody
class, and the live herb load was set to zero. You must
also enter the live herb and live woody S/V ratios as
shown in the above listing, even though the herb load is
Z€ero.

Figure 23.--Sample TSTMDL listing needed to
produce a fire behavior fuel model card for
the TI1-59 calculator.
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TSTMDL TI-59 OUTPUT

Model number

File name

Wind reduction factor
for fully exposed fuels

Model parameter Parameter value TI Reg. No.
————— Loads----
1-HR 11
10-HR 12
100-HR 13
Live herbaceous 15
Live woody 16
---5/V ratio---
1-HR 17
10-HR 18
100-HR 19
Live herbaceous 21
Live woody 22
----Others----
Heat content 23

Rate of spread for

ignition component 24
Extinction moisture 25
Depth 26
M WS constant 27

Figure 24.--Site-specific fuel model recording form for TI[-59,

Modifying the The fire behavior keyboard overlay was designed to define only

Keyboard Overlay one key for entry of LIVE fuel moisture. This key will continue to
be used for entry of live fuel moisture for the 13 NFFL fuel models
and for all static fuel models. For static models, a single average
moisture is entered to represent both the live herbaceous and live
woody fuels. To use dynamic fire behavior fuel models, however, the
keyboard overlay must be modified to label a key for entering live
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Recording a
Fuel Model

herbaceous fuel moisture. Place the label HERB above the INV key
(fig. 25). Live herbaceous moisture can be entered by keying the
moisture value into the display, then pressing SBR HERB. It can be
recalled by pressing SBR 2nd HERB. Live woody fuel moisture can
be entered using the key labeled LIVE.

Figure 25.--Modify the fire
behavior keyboard over-
lay by placing the label
HERB above the INV key
on the calculator.

To record a site-specific fuel model on a TI-59 magnetic card,
start with your calculator OFF to ensure all data registers are
zeroed. Then perform the following steps:

1. Turn the calculator ON, then press 2nd PGM 2 SBR R/S.
A -4. will appear in the display. Successively enter the values of the
parameters listed for your fuel model into the display and store them
in the indicated registers. For example, to store the 1-h timelag
load illustrated in figure 23, enter .0689 in the display, and press
STO 11. After all values for your model have been stored, put a -4
in the display, then press 2nd R/S and run a magnetic strip through
the read/write slot in the calculator.

If your fuel model is static, that is it has no herbaceous load
(register 15 is zero) the fuel model may be used as though it were
one of the 13 NFFL models. Live fuel, when it occurs in static
models, is stored in register 16 as live woody material. In this
situation, step 2 does not apply.
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Using a
Fuel Model

2. If the fuel model is dynamic (register 15 is not zero), press
RST LRN and enter the following program:

Step Code Keystrokes
000 76 2nd SBR
001 53 (
002 43 RCL
003 11 11
004 42 STO
005 94 94
006 43 RCL
007 15 15
008 42 STO
009 98 98
010 91 R/S
011 76 2nd SBR
012 54 )
013 43 RCL
014 94 94
015 42 STO
016 11 11
017 43 RCL
018 98 98
019 42 STO
020 15 15
021 91 R/S

Then press LRN 1 2nd R/S, turn the magnetic strip end for end, and
run it through the read/write slot again. At this point you have the
fuel model recorded on one side of the card and the above program
on the other. Label the card.

1. To load any previously recorded fuel model with the TI-59--
static or dynamic--press 2nd PGM 2 SBR R/S. A -4. will appear in
the display.

2. Run the fuel model side of the card through the card reader.

3. If the model is static, the following steps do not apply; just
use the model as though it were one of the 13 NFFL models.

4. 1If the model is dynamic, press 1 and then run the program
side of the card through the card reader.

5. Press RST SBR ( and ignore the number that appears in the
display.

6. Press 2nd PGM 2 SBR R/S.

7. Enter or change environmental inputs--including herbaceous
moisture.

8. Run the fire behavior program.

9. Press RST SBR )

10. To do another run, go back to step 6.
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APPENDIX A: GRASS AND SHRUB FUEL TYPES

The photos in this appendix are meant to illustrate the general
morphology for broadly different types of grasses and shrubs. That
is, any set (page) of grass or shrub photos represents a large
variety of grass or shrub species. One must select the photo that
best fits the actual conditions at hand.

To help you visualize the general plant morphology each grass and

shrub type is meant to represent, the specific species photographed
are listed below:

Photo page Species photographed Morphology represented

Grass Type 1 Cheatgrass Fine grasses
Bromus tectorum

Grass Type 2 Rough fescue Medium coarse grasses
Festuca scabrella

Grass Type 3 Fountaingrass Coarse grasses
Pennisetum ruppeli

Grass Type 4 Sawgrass Very coarse grasses
Mariscus spp.

Shrub Type 1 Huckleberry Fine stems, thin leaves
Vaccinium spp.

Shrub Type 2 Ninebark Medium stems, thin
Physocarpus spp. leaves

Shrub Type 3 Ceanothus Medium stems, thick
Ceanothus spp. leaves

Shrub Type 4 Chamise Very dense, fine stems
Adenostoma spp. and leaves

Shrub Type 5 Manzanita Thick stems and leaves

Arctostaphylos spp.

56



GRASS TYPE 1

DENSITY 1 DENSITY 2

DENSITY 3 DENSITY 4

DENSITY 5 DENSITY 6

57




GRASS TYPE 2

DENSITY 1 DENSITY 2

DENSITY 3 DENSITY 4

DENSITY 5 DENSITY 6
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GRASS TYPE 3

DENSITY 1 DENSITY 2

DENSITY 3 DENSITY 4

DENSITY 5 DENSITY 6
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GRASS TYPE 4

DENSITY 2

DENSITY 1

DENSITY 4

DENSITY 3

DENSITY 6

DENSITY 5
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SHRUB TYPE 1

DENSITY 1 DENSITY 2

DENSITY 3 DENSITY 4

DENSITY 5 DENSITY 6
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SHRUB TYPE 2

DENSITY 1 DENSITY 2

DENSITY 3 DENSITY 4

DENSITY 5 DENSITY 6
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SHRUB TYPE 3

DENSITY 1 DENSITY 2

DENSITY 3 DENSITY 4

DENSITY 5 DENSITY 6
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SHRUB TYPE 4

DENSITY 1 DENSITY 2

DENSITY 3 DENSITY 4

DENSITY 5 DENSITY 6

64



SHRUB TYPE 5

DENSITY 1 DENSITY 2

DENSITY 3 DENSITY 4

DENSITY 5 DENSITY 6
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APPENDIX B: EXAMPLE NEWMDL SESSION

This NEWMDL session provides examples of various ways data can
be entered when building a new fuel model. Not all possible data
entry combinations are presented, but first-time or occasional users
should find this listing helpful.

In this session, data have been entered for most of the fuel com-
ponents in more than one way. This is to illustrate several proce-
dures so you can refer to those of interest. It is not intended that
you sign on to a computer and duplicate this session, although that
may certainly be done.

The only fuel model file procedure used in this session is adding a
model to the file. Extensive file manipulations are presented in the
TSTMDL session (appendix C). Lines that begin with a prompt
character (>) were typed by the user. All other lines were printed
by the computer.

Page

1. Start of session . « « « « v L e v v e e e e e e 67

II. Entering litter data . . « . « « « « o . 0000 68

A. By load and size class . . . . . . . . . . o . .. 68

B. By loadonly . . « . ¢ v v v v v v v v v v 69

III. Entering grass data . . . . . « « + ¢« ¢ v ¢ ¢ o o o . 70

A. By load and depth . . . . . . . . .o 000 71

B. By depthonly . . . . . . . oo o .. 72

IV. Entering shrub data by depth only . . . . . . . . . . 73

V. Entering shrub data. . . . . . . . .. o0 0000 L 74

A. Direct entry of inventoried data. . . . . . . . . . 75
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C. Entry of total 10-h load . . . . . . . . .+ . . . 78
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VII. Entering heat content data . . . . . . . . . . . . . . 86
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X, Adding the fuel model to the file . . . . . . . . . . . 88
XI. Building and filing a model with two sizes

of fine fuel . . . . . . . . o o000 o000 89
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WHAT T8 THE MaXTHMUM PERCENT OF THE TOTaAL GRASS FUEL
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NEW FLUEL DATH
FOLTAGE AND TWIGH LESS THAN 1/4 TNCHY AND DEPTH.
S BHRUE LOAD ONLY (DEPTH WILL BE ESTIMATED FOR YOLD
SHRUR DEPTH ONLY (LOAD WILL BE ESTIMATED FOR YOUD

ENTER 1, &, OR 3
A
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WHICH SHEUER TYPE IH5 MOST LITRE YOURE?
ENTER 1, 2, 3, 4, OR 4

oy
2

WHICH DEWNSTTY OF THIS TYPE IS MOBT LITKE YOURS?
ENTER 1, 2, 3, 4, 5%, OR &
4

SHRUE DEPTH IN FEET?
>4

THE CALCULATED AVERAGE SHRUR LOAD TH  &.00 TONS/ACR
AT & DEPTH OF 4,00 FEET, FOR ACRES aCTUaLLY COVER

.
S0 WETH SHRUES,

RO YO WANT T
1, ACCEPT THIS VAl
2. ENTER A& NEW DEPTH

3. ENTER
4, ENTER
5L GTART

A OMEW DENSITY
A CMNEW SHRUR TYPE

THE:

SHRUE

SECTION AL

o
ENTER
01

WHAT P

1 HR?

RéaNGE =

230

10 HR?

RANGE

240

100 HR

RANGE =

210

LIVING

RANGE =

221
WHeT P
RANGE

2EN

DO THE

1, 2, %,
;3 fo wd .

4 0OR 5

ERCENT, BY WEIGHT, OF THE

070 10

?

0

noro 7.0

T 30,0

LEAVES &ND TWIGSH?

ERCENT OF

o Tao 2000

OVER?Y

SHREUR LOAD T4

THE mRES TS COVERED RY SHRURBS?

= (1T 1010

SGHRLUES CONTATN OTLE OR WAXES THAT ENARBLE THEM

T BURN WHEN THEY ARE QUITTE GRERE

hat!

SHEUR LOADS

1 HR
10 HR
100 HR
LEAVES

SHRUBR
LOADE

.90

1,820

1,30
& TWIGS

CT/4%)

0.5&0

PEPTH 2,00 FEET

AND DEPTH

NOW REDUCED FOR

NP OCENTER Y OR N,

ARES COVERAGE,
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DOOYOU WaENT 10!
1, aCCEPT THESE Vallis
. START THE SHRUER SECTION ol OQUER?

ERTER 1 OR 2
>1

OTHER FUEL COMPOMNENTS T0 CONSTDER ARE:

SLorbH

TFOTHESE COMPONENTS ANE NOT PART OF THE FUEL COMPLEX
ENTER KEYWORD SUREF

COMTROL, SECTION, KEYWORD?

2ELASH

HLAGH SECTION., YO Ca:
T, INPUT YOUR INVENTORIED DATA ON LOAD BY SIZE CLASS, AND DEPTH

—

2. USE RELATIONSHIPS DEVELOPED FROM RESEARCH DATA FOR
INTERMOUNTATIN CONIFERS, #% CAUTION xx THESE RELATIONSHIPS
GRED PROBARLY NOT VALTD WEST OF THE CASCADES OR EASYT OF
THE ROCKY MOUNTATNG.

ENTER 1 OR 2
31

ERTER LOAD (TONS/ACREY FOR:

ToHR? e THES MEANS LOAD OF 0174 INCH TWIGS PLUS AIR
DRY NEEDLES STILL ATTACHED TO THE BRANCHES,

RANGE = 0 TO 30 - protedins e
2A ? ,41446

k

N
st iy of prsvncnd, i Ml LE

10 HE?

R
2

and
100 MR 2 prA
310

AJ&AA{. 7:ZL7eAu¢4 44434“~é/zt
SLASH DEPTH IN FEET? ,
RANGE = 0 0 10 2 cnee /v» /2 W’?”é

bl
Sl

WH&T PERCENT OF THE &RES TE COVERED BY SLAEHY
RANGE = 0 T 100

341 s ZEZ sroceslore <00 -~
SLasH LOADS (T/0) % M M‘z‘(— Zé

SLASH DEPTH  0.80 FEET _,m,& )00 a9 % M sren coveresd
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GO YOU WaNT 10
1. ACCERT THESE 2
S GTART THE SLasH S5

TION ALl OVER?

ENTER 1 OR 2

o o
it

SLASH SECTION,  YOU CAN:
1o INPUT YOUR TNVENTORIED DATA ON LOAD BY STIE CLASS. AND DEPTH
2. USE RELATIONSHIPS DEVELOPED FROM RESEARCH DATH FOR
INTERMOLINTAIN CONIFERS, x% CAUTION =% THESE RELATIONSHIPS
ARE PROBARLY NOT VALTD WEST OF THE CaSCADES OF EAST OF
THE ROCKY MOUNTATNG,

ENTER 1 OR

N
£t

WHICH BEST DESCRITEI FHE ORTGIN OF THE SLatH?
T COMMERCIAL TIMBER CUT, HIGHLEAD SKIDDING
@ DOMMERCIAL TIMBER CUT, GROUNDLEAD SKIDDING
S, PRECOMMERCIAL THINNIMNG,

EMTER 1, &, OR 3
»A

EMTER SLASH AGE IN YEARS,
RANGE = 0 T0 3

23

T PROCEED FURTHER YOU MUST HAVE FUEL TNFORMATION TN
OME OF FOUR FORMATS, O ELSE END CONSIDERATION OF SLasH,
1, TOTAL SLASH LOAD IN TONS PER ACRE
o LOAD OF 10 HR FUELS ONLY, IN TONG PER ACRE
0010 HR OLOAD IM TONS PER ACRE, BY SPECIES
4, NUMBER OF 10 HE INTERCEPTS PER FOQOT, BY SPECIES
S END SLaSH INPUTS, PROPER DATA UNAVATLARLE

<, et 4l e

ENTER 1, 2, %, 4, (OR 5
21

ERTER THE TOTal SLatH LOaAD TN TONS PER ACRE,
RéaMGE = 01 T0 100
»18

FOR EACH SPECTES YOU FEEL CONTRIRBUTES STGNIFICANTLY TO
THE SLasH LOAD, yOu Wikl BE ASKED ITH PRE-HARVEST &VERAOGE
CROWN CLASS (DOMINANT OR INTERMEDIATE) , AVERAGE DBM, AND
PERCENT OF THE SLASH LOAD CONTRIBUTED RY THIS SPECIES.
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FLIEL.

EMTER
il
EMTER
1.

,o
2
foo t

EMTER
»1

EMTER

RANGE

el
S0

EMTER

ReMGE =

260

I8 TH
P

ENTER
SDF

ENTER
1.

oy

ENTER
>

MODELING  ASSTETANCE

Il
E4
210
L_ |I'I
WP
L
Wi
P PO
DF DOUIGL
WH :

SPECTES

CROWM CLABS A%
DOMINANT
INTERMEDT&TE

1 ORrE

AVERAGE DERH

TT0 1060

PERCENT OF
0 TH 100

LAt

T8 THE

L.asT

GPECTES

ZOnE.

CROWM CLASS A%
DOMINGNT
INTERMEDTATE

1 Ok 2

STERN LARCH
SLMANN SPRUCE
HE FIR

MDER (%0

CIMCHESY

GPECTES

oo ala Tl aBig

ERMW HEMLOCK

FOR THIS

5P

COMTRIBUTED BY

YOU ARE GOTME

FOR

ECTES,

THIS

TOEMNTER?Y

ENTER AVERAGE DRH

RanNGE = 1 TO 100

CIMECHES)

FOR

THIS SPECIES.

7

SPECTES:

GPECTES

{

y

(IR

N3

£y /WMM



ENTER PERCENT OF SLASH CONTRIBUTED BY THIS SPECIES
RéMGE = 0 T0 1060
>4

I8 THIS THE LasT SPECIES YOU ARE GOING TO ENTER? Y OR N
2

YU CAN ILTHFQ:

o
k

_i
—.,
-—-E
Z
:‘>
—
V

2. USE YuUh CESTIMATES OF FOLTAGE AND TWTG RETENTION
ENTER 1 OR 2
>

WHAT PERCENT OF THE &RES IS COVERED RBY SLABH?
RAMGE = 0 T0O 100
>30

SLasH LOADE (T/764
1 MR 1.74
10 HR 1.7%6
100 HR 0. %1

GLASBH DEPTH 0,49 FEET
LOOYOU WANT T0:
1. ACCEPT THESE VALUES
S BTART THE SLatSH SECTION ALL OVER?

ENTER 1 OR 2
7

LasSH SECTION YO DAaM:

JUSTHMENTS FOR FOLTAGE AMND TWIG RETENTION

% /wwm

1, INPUT ‘UUh INVENTORTED DATA ON LOAD BY SIZE CLASS, aMND DEFPTH

ARCH DATA FOR
THEGE
ADES (IR

0 USE RELATIONSHIPS DEVELOPED FROM RESE
INTERMOUNTATN CONIFERS, x% CAUTION *
ARE PROGBARLY NOT VALID WEST OF THE CAS0
THE ROCKY MOUNTAHING,

EédaT

ENTER 1 OR 2
bt

WHICH BEST DESCRIBES THE ORIGLIN OF THE SLAasH?
1 COMMERCIAL TIMRER CUT, HIGHLEAD SKIDDING
2, COMMERCINL TIMBER CUT, GROUNDLEAD SKIDDING
S0 PRECOMMERCTIAL THINMING,

ENTER 1, &, OR 3

»A

ENTER SLatH AGE TM YEARS,

RAMGE = 0 T0 5
el
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T PROCEED FURTHER YOL MUST HAVE FUEL INFORMATION TN
CNED OF FOUR FORMATS, OR ELSE END CONSTDERATION OF SLASGH.,
1. TOTAL SLASH LOAD IN TONS PER ACKE
S LOAD OF 10 MR FUELS ONLY, TN TONS PER aCRE
.10 HR OLOAD IN TONS PER ACRE, BY SPECIES
4, NUMBER OF 10 HR INTERCEPTS PER FOOT, RY SPECIES
S END SLASH INPUTS, PROPER DATA UNAVATLARLE

ENTER 1, &, %, 4, (OR 5

23

ENTER TOTAL 10 HR LOAD IN TOMS PER ACRE.
RAMNGE = 01 T0O 30
AL

FOR EACH SPECTES YOU FEEL CONTRIBUTES STIGNIFICANTLY TO
THE SLASH LOAD, YOU WILL BE ASKED ITH PRE-HARVEST AVERAGE
CROWN CLASE (DOMINANT DR INTERMEDIATE) , AVERAGE DEH, AND
PERCENT OF THE SLASH LOAD CONTRIEBUTED BY THIS SPECIES,

FLEL MODELING ASSISTANCE IS AVAILARLE FOR THESE SPECIES:

CODE SPECIES NAME

ND FIR
. ESTERN LARCH

ES ENGELMANN SPRUCE
A SUBALPINE FIR

I..P LODGEPOLE PINE

Wi WESTERN WHITE PINE
WE WHEITERARK PINE

WeC WESTERN RED CEDAR
PP POMDER(SA P INE

LF DOUGL.AS FIR

WH WESTERN HEMLOCK

ENTER SPECIES CODE.
yLP

ENTER CROWN CLASBE AD:
1, DOMINANT
2. INTERMEDIATE

az.}/zz//wé%w

ENTER 1 OR 2
21

ENTER AVERAGE DEH CINCHES) FOR THIS SPECIES,

RANGE = 1 T0O 100

kS ':I]
ENTER PERCEMT OF SLASGH CONTRIBUTED BY THIS SPECTES

ResGE = 0 TO 100
»an
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TG THIS THE LAST GPECIES YOU ARE GOING TO ENTER? (Y (IR NI
Y

YOU CAM ETTHER:

1. USE COMPUTER ADJUSTMENTS FOR FOLIAGE AND TWIG RETENTION
&, USE YOUR ESTIMATES OF FOLIAGE AND TWIG RETENTION

ENTER 1 OR 2

by r)

ENTER PERCENT FOLIAGE STILL ON LODGEPOLE PINE
RENGE = 0 T0 100
2E0Q

ENTER AVERAGE PERCENT TWIG (0 TO 1/4 INCH) RETENTION FOR AlLL SPECTES
RANGE = 0 TO 100
2840

WHAT PERCENT OF THE AREA I8 COVERED RY SLASH?
RANGE = 0 TO 100
2ED

SLASH LOADS (T//)
1 MR 3,87
10 HR A
100 HR .29

SLASH DEPTH 0.79 FEET

DO YOU WANT T0O:
1., ACCEPT THESE VALUES
2. START THE SLASH SECTION ALL OVER?

EWNTER 1 OR 2

.) r.'.?

%%W/&A/Zué

SLASH SECTION,  YOU CAN:
1. INPUT YOUR INVENTORIED DATA ON LOAD RY SIZE CLASS, AND DEPTH

2 USE RELATIONSHIPS DEVELOPED FROM RESEARCH DATA FOR

INTERMOUNTAIN CONIFERS, xx CAUTION xx THESE RELATIONSHIPS
ARE PROBAERLY NOT VALID WEST OF THE CASCADES OR EAST OF
THE ROCKY MOUNTAINS.

Ve

ENTER 1 OR 2
a2

WHICH REST DESCRIBES THE ORIGIN OF THE SLASBH?
1. COMMERCTIAL TIMBER CUT, HIGHLEAD SKIDDING
2. COMMERCIAL TIMEER CUT, GROUNDLEAD SKIDDING

3. PRECOMMERCIAL THINMING.

ENTER 1, 2, OR 3 '
a3
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ENTER HLASH AGE IN YEARS,
RaMGE = 0 T0 %
>3

TO PROCEED FURTHER YOU MUST HAVE FUEL TINFORMATION IN
ONE. OF FOUR FORMATS, OR ELSE END CONSIDERATIOM OF SLASH.
1. TOTAL SLagH LOAD IN- TONS PER ACRE
2, L0aD OF 10 HR FUELS ONLY, IN TONS PER ACRE
F.o010 HR OLOAD IN TONS PER ACRE, RY SPECIES
4. NUMBER OF 10 HR INTERCEPTS PER FOOT, BY SPECIES
SO END BLABH INPUTS, PROPER DATA UNAVATILARLE
ENTER 1, 2, 3, 4, (OR %
>3

FOR EACH SPECTES YOU FEEL CONTRIRUTES STGNIFICANTLY TO
THE SLaskH LOaD, YOU WILl BE ASBKED ITS PRE-HARVEST AVERAGE
CROWN CLASS (DOMINANT OR INTERMEDIATE), AVERAGE DEH, AND
10 HR LOAD IN TONS PER ACRE.

FLEL MODELING ASSISTANCE TS AVAILARLE FOR THESE SPECIES:

SPECTES CODE SPECTES NAME

GF GRAND FIR

Wi WESTERN LARCH

S5 ENGELMANN SPRUCE
Ak GUBALPINE FIR

. LODGEPOLE P INE

WP WESTERN WHITE PINE
WH WHETERARK P INE

W WESTERN RED CEDAR
PP PONDEROSA P INE

DI DOUGL.AS FIR

WH WESTERN HEMLOCK

ENTER SPECTES CODE,
YES
ENTER CROWM CLABS A5
1., DOMINANT
2. INTERMEDIATE

ENTER 1 OR 2
21

EMNTER AVERAGE DBEHM (INCHES) FOR THIS SPECIES.

RANGE = 1 T0O 100

Faa
ENTER 10 HR LOAD (TONS PER ACRE) FOR THIS SPECIES,

RANGE = .01 TO 30
1.5
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18 THIS THE LAST SPECIES YOU ARE GOING TO ENTER? Y OR N)
>N

ENTER SPECTIES CODE.
YL

ENTER CROWN CLASS A%
1. DOMINANT
2. INTERMEDIATE

ENTER 1 OR 2

:) r,

INTERMEDIATE CROWN CLASES DATE NOT AVATLABLE FOR THIS
SPECIES, DATA FOR DOMIMANT CROWN CLASS WILL BE USED.

ENTER AVERAGE DEHM (INCHES) FOR THIS GPECIES.

RAMGE = 1 TO 100
220

ENTER 10 HR LOAD (TONS PER ACRE) FOR THIS SPECIES.
RAMGE = .01 T0 30
>, 8

I8 THIS THE LAST SPECITES YOU ARE GOING TO ENTER? Y (OR N
»Y

YQOU CaN ETTHER

1o USE COMPUTER ADJUSTMENTS FOR FOLITAGE AND TWIG RETENTIOM
2. USE YOUR ESTIMATES OF FOLTAGE AND TWIG RETENTIOM

ENTER 1 OR 2

1

WHAT PERCENT OF THE aREA IS5 COVERED BY SLASH7Y
RANGE == 0 T0 100
260

SLAGH LOADE (T/4)
1 MR 1.03
10 HR 1.41
100 HR 1.69

SL.ASH DEPTH 0,39 FEET
DI YOU WANT TO:

1. ACCEPT THESE VALUES
2, START THE SLASBH SEC

TION Al OVER?

ENTER 1 OR 2
%4
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SLAGH SECTION,  YOU CAN:
INPUT YOUR CINVENTORIED DATA ON LOAD BY S172E CLASS, AND DEPTH

:) P

WHTCH
1.

or
s

e
s

ERTER
RAOMGE =

>3

1.

ot
foe s

USE RELATIONSHIPS DEVELOPED FROM RESEARCH DATA FOR

INTERMOUNTAIN CONIFERS, x% CAUTION %% THESE
AR
THE

BEST

PROBABLY NOT VALID WEST OF THE CASCADES OR
ROCKY MOLUNTATRNG,

ENTER 1 0OR 2

DESCRIRBES THE ORIGIN OF THE SLASH?

COMMERCEAL TIMEBER CUT, HIGHLEAD SKIDDING

COMMERCTAL

PRECOMMERCTAL THINNING.

ENTER 1,

ShasH aGE TN YEARS,

T %

TIMEER CUT, GROUNDLEAD SKIDDING

RELATIONSHIPS
EnGT

T PROCEED FURTHER YOU MUST HAVE FUEL THFORMATION TN

(N

ENTER

14

1.

o

E
i

4,

R

FOR

0F

FIIUR
TOTAL.

FORMATS , OR ELSE END CONSIDERATION OF SLASH.

HLAGH LOAD IN TONS PER ACRE

LOAD OF 10 HR FUELS ONLY, IN TONS PER ACRE

10 HR

LOAD IN TONS PER ACRE, RY SPECIES

MUIMBER OF 10 HE INTERCEPTS PER FOOT, BY SPECIES
END SLASH INFUTE, PROPER DATAH UNAVAILARLE

1

HUMBER

FUEL

SPECIES CODE

EMTER

TN

H

(DOMINANT OR INTERMEDIATED , AVERAGE

10 HR OINTERCEPTS PER FOQOT,

MODELING ASSISTANCE I5 avallLABLE FOR THESE

SPECTES NAME
GRAND FILHE
WESTERN LARCH
EMNGELMANN SPRUCE
SURALPINE FIR
LODGEP OLE P ENE
WESTERN WHITE PINE
WH T ARK P LME
WE S N RED CEDAR
POMDERGOSA P INE
DOUGLAS FIR
WESTERN HEMLOCK

GPECTES CODE.,

83

EACH SPECIES YOU FEEL CONTRIBUTES STGNIFICANTLY T0
THE SLASH LOaD, YOU WILL BE ASKED ITS PRE-HARVEST
CROWMN CLASE
OF

DEH, AND

SPECIES:

AVERAGE
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ENTER CROWMN CLASS A8
1, DOMINANT
2, INTERMEDIATE

ENTER 1 OR 2
21

EMTER AVERAGE DRH CINCHES) FOR THIS SPECTES.

RENGE = 1 TD 100

a8

ENTER AVERAGE NUMBER OF 10 HR INTERCEPTS PER FOOT FOR
THIS SPECIES,

REMNGE = 001 TO 10

»4L3

IS THIS THE LAST SPECTES YOU ARE GOING TO ENTER? Y OR N
N

ENTER GPECTES CODE.
SDF

EMTER CROWN CLASS A%
1. DOMINANT
Ay INTERMEDIATE

ENTER 1 OR 2
s

ENTER aAVERAGE DERH (INCHES) FOR THIS SPECTIES.

RAGNGE = 1 T0O 100

a0

ENTER AVERAGE NUMBER OF 10 HR INTERCEPTS PER FOOT FOR
THIS SPECIES.,

RANGE = ,001 TO 10

b

IS THIS THE LAST SPECIES YOU ARE GOING TO ENTER? (Y (R N
Y

YO CAN ETTHER

1, USE COMPLUTER ADJUSTMENTS FOR FOLTAGE AND TWIG RETENTION
2. USE YOUR ESTIMATES OF FOLIAGE AND TWIG RETENTION
ENTER 1 OR 2

1

WHAT PERCENT OF THE aREA IS COVERED BY SLASBH?

RAMGE = 0 TO 100

250

S5L.ASH L.0aDS (T/4)

1 HR 2,53

10 HR 5.98

100 HR 6,28

SLASH DEPTH  0.64 FEET
84
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DOYOU WANT 10
1. ACCEPT THESE VALLUES
. BTART THE SLASH SECTION all. QVER?

ENTER 1 OR 2

21

CONTR..
PELIRF

SECTION. KEYWORD?

SUEFACE TO VOLUME RATIO SECTION.
TYPICAL SURFAGCE TO VOLUME RANGES FOR VARIQUS FUEL
1 HR lUIl“ (REDUCE VALUES AROUT 200 FOR LIVE FOLIAGE)
COARSE 1;00 3[UU
MEDIUM 206002500
FENE 25003000

SURFACE TO VOLUME RATIOS USED IN THE 13 NFFL MODELS aRE:
MODEL 1 HR %/U LIVE &§/V MUDLL 1 HH /¢ LIVE 6/V

i quU R 8 ﬁgug S
2 000 1500 9 2500 s
RS 1500 e 10 2000 1500
4 2000 1500 11 1500 e s e
5 2000 1500 1 1500 e
& l” 0 - 13 1500
7 1750 1550

REFER TO THE USERS MaNUAL IF

USING THE ABROVE GUIDES, ENTER A SURFACE TO VOLUME RATIO FOR:
DEAD GRASBS?
RANGE = 192

yR2500

TO 2500

T MR LETTER FUELS?
1900

1 HR &LASH FUELS?
LS00

1 HR SHRUR FUELS?
Y1750

S/ RATIOS FOR LIVE FUELS SHOULD RE ARDUT 200 LESS

THEN COMPARARLE DEAD FUELS,

LIVE HERRBACEOUS
FLEQN

S/V RATIO?

LIVE
»800

WOODY S/ RATIO?

YOUR $/¢ RATIOS ARE: 1 HR 1923, LIVE HERR 1500, LIVE WOODY

85

MORE DETAILED /7Y DATA I8 NEEDED.

COMPONENTS ARE:

ﬁﬁ/%m e B >3
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DOYAL WAaNT TO:

1. ACCEPT THESE VALUES

2. REENTER THESE VALUES

. OSTART THIS SECTION ALl OVER?
ENTER 1, 2, OR 3
21

ENTER KEYWORD HEAT?

CONTROL, SECTION, KEYWORD?
JHEAT

HEAT CONTENT SECTION

TYPICAL HEAT CONTENT RANGES FOR VARTOUS FUEL TY 3 AR

LOW VOLATILE FUELS 74008400 (S0OLID WOOD, MOE aF
AND HARDWOOD LEAVE

HIGHLY VOLATILE FUELS 8400-9400 (CONIFER FOLIAGE , SAGEBRRUSH,
CHAPAREAL , GALRBERRY)

go0g BTUZLE IS USED FOR ALl LIVE AND DEAD FUELS IN THE 13 NFFL MODELG

LSE THE LOW END OF THE RANGE FOR FLUEL THAT DOES NOT PRODUCE
VOLATITLES THAT CAN RE SMELLED ON HOT DAYS (MOST DEAD FUELS)
THE HIGH END FOR FUELS THAT DO, OR THAT FEEL QTLY OF WaXY,
(X SOME LIVE FUELS SUCH A5 GALLRBERRY LEAVES OR PINE NEEDLES)

ENTER HEAT CONTENT FOR DEAD FUELS
RANGE = 7000 TO 10000
Fa500

ENTER HEAT CONTENT FOR LIVE HERBACEQUS FUELS
RANGE = 2000 TO 10600
2000

ENTER HEAT CONTENT FOR LEAVES AND TWIGH OF LIVE SHRUES
RANGE = 2000 TQ 10000
X000

YOUIR WETGHTED AVERAGE HEAT CONTENT (BTUZLEBEY 185 8440,
DOYOL WaNT T
1. ACCEPT THIS VALUE
20 START THIS SECTION OVER?
EMTER 1 OR &
x1

%/wam
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CONTROL, SECTION, KEYWIRD?
YEOMP

. LOADS, GV RATIOS, aND DEPTHE FOR THDIVIOUAL FUEL COMPOMENTS

FUEL
COMPONENT #xxxxxxxxxx%x LOADE %x%xxexw®wixx  %xx% 8/U RATIOS  wxax DEPTHE
ToHR1T0 HR O 100 M HERE  WOODY 1 MR HERF WY

LITTTER H.40 1.01 .34 6,00 fr.on l”ﬂﬂ. 0. .
GRAGS 1,47 U.UU 0.00 1,47 .00 3 13500, 0,
SHEURS .90 1,20 .30 0,00 .&0 1750, 0. 400,
Sl.abH 2053 G998 &.28 0.00 .00 1500, 0, 0.

KWK FXRRFRXBERR FUEL LOAD SUMMATRY 5558 %58 % % 5% % 5% % % %%

xxxx FUEL COMPONENT %% xx TIMELAG CLASS v

% DEAD  LIVE  x 3 X

X [ ) X CLASRS LOAD §

3=

LITTER &.78 0.0a0
GRASBS 1.47 1.47
GHRURS an .60
SlAabH l4.?ﬂ 0.00

1 Hk 10,30
10 HR &, 1%
106 HR b 92

TOTAL

40 a.ﬂ? TOTHL

COMTROL. SECTION., KEYWORD?
PMODEL

CURRENT VALUES OF FUEL MODEL PARAMETERS
DYNAMIC &0, FIRST SaMPLE MODEL RY ¢ RBUBGAN

LUHD (T/7a0) S/V RATIOE UTHER

. 1 I|I< 10,30 1 IIR
10 HR .19 LIVE HERE (HTU/LLRD N.QU

100 HRE 5,92 L.IVE WOODY JUU. EXT WULJ10PL (aD

LIVE HERB 1,47 B0 = (SOFTACUET?Y
LIVE WoODLY .60
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LN TR 0L
HETLE

SECTION, KEYWORD?

ENTER THE NAME OF YOUR FUEL MODEL FITLE,
SMYF ILE '
THIS WILL BE
1

YOU NEED TO CREATE A HEADER FOR

A NEW FILE, QK7 oY OR M),
THIS FUBEL FILE

INTFR FLiEL MODEL. FILE PAS

SWORD (4 CHAR MaAX)

PEFL

FNfFP FﬁﬁMFQW

Mh?)

AL
Rl o

BOOYOU WANT TO:
13 1LIST THE
23 DHANGE & FUEL FILE HEADER
By OADD THE FUEL MUDEL.JUST BUTLT, T0O THE FLEL
4y REPLACE & FUEL MODEL IN THE FILE
H5eODELETE & FUEL MODEL FROM THE FLUEL
£ GO BACK TO THE CONMTROL SECTION

NLIMEE R‘: AND NAMES OF FUEL

MODELS TN YOUR FILE

MODEL FILE

MODEL. FILE

ENTER 1, &, %, 4, 5, OR &

7
o e
ol

EHTER PASSWORD
P FL.
FUEL MODEL &0 WRITTEN TO FUEL MODEL FILE
DO YOU WANT 1O
15 LIST THE NUMRERS AND NAMES OF
2 CHANGE @ FUEL FITLE HEADER
A Aabd THE FUEL MODEL JUST BUILT, TO THE
4) REPLACE & FUEL MODEL IN THE FILE
3y ODELETE & FUEL MODEL FROM THE FUEL
sy GO RACK TO THE CONTROL SECTION

FUEL
FUEL MODEL FILE

MODEL FTLE

ENTER 1, 2, 3, 4, &, OR &

-
bS]

88
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CONTROL. SECTION, KEYWORD?
IRESTART ﬁ‘f . A /%
WEL.COME TO THE /%
BEHAVE SYSTEM ¢ ;

FLEL SURBSYSTEM
NEWMDL. PROGRAM (VERSION 2.0 - AUGUST 19873

DEVELOPED BY THE
FIRE REHAVIOR RESEARCH WORK UNIT
NORTHERN FOREST FIRE LLABRORATORY
MESGSOUL& , MONTANG

ENTER YOUR LAST NAME,
PRURGAN

THE OBJECTIVE OF THIS PROGRAM 18 TO MELP YOU DEVELOP

A FIRE BEHAVIOR FUEL MODEL THAT REASONARLY CHARACTERIZES @
FUEL COMPLEX NOT PROPERLY REPRESENTED EY ONE OF THE THIRTEEN
NFFL FUEL MODELS,

A TERSE MODE IS AVALLARBLE FOR EXPERIENCED USERS
THAT WANT LIMITED PROMPTING. DO YO WANT TERSE? Y OR M) .
N

FULL PROMPT MODE SET.,

PROGRAM CONTROL T95 THROUGH THE USE OF KEYWORDS,
DO YOU WalNT A LITST OF KEYWORDS AND THETR FUNCTIONS? (Y OR N
N

A FUEL MODEL MaY BE CONSTRUCTED WITH ELTHER
1. 1 STZE OF FINE FUEL TN ONE OR MORE COMPONENTS
2. 2 8IZES OF FINE FUEL IN ONE OR MORE COMPONENTS

ENTER 1 (OR 2
a2
ENTER A NUMERER FOR YQUR PROPOSED FUEL MODEL.,

RAMNGE = 14 TO 99
Y61

g B e

ENTER FUEL MODEL NAME (32 CHARACTERS MAXTMUM) .,

PBECOND SAMPLE MODEL

EXFPANDED FINE FLUEL INPUT SECTION,

THIS SECTION PROVIDES FOR DIRECT ENTRY OF TWQ 1 HR LOADS
AND 57V RATIOS IN LITTER, SHRUE, SLASH, AND GRASH

FUELS, 10 HE, 100 HR AND LIVE LOADS ARE ALSO ENTERED.
THE MULTIPLE 1 HR LOADS ARE ADJUSTED TO PROVIDE

& SINGLE REPRESENTATIVE LOAD AND S/U RATIO,
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DOOYOL WANT TO ENTER
v,

DO YOU WaANT TO ENTER
>

FENTER FIRST LOAD,
RAMGE = 0 TO 30 TONS

e

ANY LITTER L

aryY SLasH L0

PER ACRE

ENTER FIRST S/Y RATIO,

RAMGE = 192 TO 3500
EZAtRINY

ENTER SECOND LOAD.
RAMGE = 0 T0 30 TONS
3

FER ACRE .

EMTER SECOND /U RATIO,

FAMGE = 192 TO 3500
1000

EMTER 10 MR LOAD
RAMGE = 0 T0O 30 TONS

k%
bW

EMTER 100 HR LOAD
FaMNGE = 0 TO 30 TONS

.
r

SLASH DEPTH TN FEET?
ReMNMGE = 0 T0 10
1

WHAT PERCENT OF THE
RAMGE = 0 T4 100
280

YOUR SGLASH ENTRIES,
1 HRTL FLUELS L.OADES
FIRST ENTRY 1.60
SBEGCOND EMNTRY 2,40
T HR LOAD 4,00
10 HR LOAD 4.00
100 HR 1L.0AD 7,20
DEFPTH (FEETY 0.0
PERCENT AREA COVERED

DOYOU WANT 10

FER ACRE.

FER ACRE.,

SREM TS COVER

REDUCED FOR
BV RaTIOS
2000,
1000,

&80,

1 ACCERT THESE ENTRIES

& REENTER THIS DATA
ENTER 1 OR 2
»1

DO YOU WANT TO ENTER
M

DO OYOLE WAaNT TO ENTER
2

ANY

ANY

Oan? Y DR ND

ADEY Y QR N

EDORY SlAasH?

AREM COVERAGE

SHRUE LOAD? (Y OR N

GRASS L.0ADY? (Y OR N)

90

AR




HEAT CONTEMT SECTION

TYPTCAL HEAT CONTENT
LOW VOLATILE FUELS

HIGHLY VOLATILE FUELS

So00 BTUALE TS USED FOR

COTHED LOW EMD OF THE
THaT CaN BE S

TGHOEND FOR FUI
SOME LIVE FUELS

ERTER HEAT CONTEMT FOR
REMGE = 2000 TO 10000

000

YOUR WETGHTED AVERAGE

DO YOL WANT T0:

1. ACCEPT THIS Vel
2. BTART THISE SBECTION OVER?Y

EMTER 1 OR 2
1

CLIRRENT
STAHTIC &1, SECOND SAMPLE

LOAD (T80

1R 1,62
o HR 4,010
100 MR 20
LIWE HERE 0.00
LIVE WOODY n.00

DO YO WeaNT T
T, START ALL OVEER

20 FILE YOUR FUEL MODEL
IR FLUEL
A4, QUIT THIS SESSTON

A RENUMEBER Y

ENTER 1, 2, 3 OR 4
N

Sl

yaﬂd;8400

84009400 FOLTAG

ED ON HOT DAYS (MOS
SELOOTLY R WAXY.

VES OR PINE NEEDLES)

A5 GALLBERRY

DEAD FUELS

(BTUALED

FUEL TYPES AaRE
CHOLTD WoOOn, MOST GR i
AMD HARDWODD LES
(CONTFER
CHAPARRAL ,

, SAGERRUSH,
GalEERRY)

DOES NOT PRODUCE
T DEAD FUELSD

s g0a0,

MODEL PARAMETERS

BY BURGAN

OTHER
)

CAT CONTENT (BTU/LES
EXT MOTSTURE <X)

AND DEAD FUELS I THE 13 NFFL MODELS

X
:§
!



DO YOU WISH TO USE THE CURRENT FLUEL MODEL FITLE (Y OR N7
THE CURRENT FILE IS MYFILE

-
I

DOYOU WANT T(h:
1) LIST THE NUMREERS AND NASMES OF FUEL MODELS IN YOUR FILE
2 CHANGE & FUEL FILE HEADER
) oADD THE FUEL MODEL JUST BUTLT, TO THE FUEL MODEL FILE
A2 REPLACE A& FUEL MODEL TN THE FILE
Sy DELETE A FUEL MODEL FROM THE FUEL MODEL FILLE
&) GO RACK TO THE CONTROL SECTION

ENTER 1, 2, 3, 4, 5, OR &
%

EMNTER PASSWORD
PNF L.
FLEL MODEL &1 WRITTEN TO FUEL MODEL FILE

DOYOU WANT T0:
1Y LIST THE NUMBERS AND NAMES OF FUEL MODELS TN YOUR FILE
&3 CHANGE A FUEL FTLE HEADER
A3 OADD THE FUEL MODEL JUST RBUTLT, TO THE FUEL MODEL FILE
A4y REPLACE & FUEL MODEL IN THE FILE
3Y ODELETE & FUEL MODEL FROM THE FUEL MODEL FILE
&) GO BACK TO THE CONTROL SECTION

ENTER 1, 2, 3, 4, 5, (IR &
6

DO YOU WANT TO:
1. START ALL QVER
. FILE YOUR FUEL MODEL
0 RENUMBRER YOUR FUEL MODEL
4, QUIT THIS SESSTON

ENTER 1, 2, 3 OR 4
54

iy toctd ol e e

DOOYOU REALLY WANT TO TERMINATE THIS RUN? Y OR N).

"\
A |

NEWMDL RUN TERMINATED.
XK XK KK KKK KKK BRI KK
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APPENDIX C: EXAMPLE TSTMDL SESSION

This TSTMDL session provides brief examples of most of the capa-
bilities of this program. It illustrates how to manipulate fuels and
environmental data, obtain graphic and tabular output, use both the
normal and technical versions, manipulate the fuel model file, and
obtain a fuel data listing for the TI-59.

Although the session can be duplicated as .presented, it is struc-
tured for easy reference to specific activities such as changing values
of fuel model parameters, doing technical version graphics, etc.

Lines that begin with a prompt character (>) were typed by the
user. All other lines were printed by the computer.

Page
I. Start of SeSsSion ¢« « ¢ v ¢ ¢ ¢ e e 4 e e e e e e e e e 94
1I. Fuel section . « v v v ¢ v 4 v v v o o o o« o o o o o o s 96

A. Entering fuel model data directly . . . . . . . . . 96

B. Listing the fuel model. . . . . . . . . . o o . 97

C. Getting an NFFL model . . . . . . . . . . « . . 97

D. Changing the fuel model. . . . . . . . . . . . . 98

E. Getting a fuel model from your file . . . . . . . . 99

III. Environmental section . . . . . . . . .« ¢ o o o .. 100
A. Getting standard data . . . . . . . . o 00 0. 100

B. Entering new data. . . . . . . ¢ . o o 0 o 0. 101

C. Changing the environmental data . . . . . . . . . 102

D. Listing the environmental data. . . . . . . . . . . 102

IV. Obtaining tabular output . . . . . . . . . .. .., 103
V. Obtaining graphic output . . . . . . . . . . o o .. 105
A. Normal version graphics. . . . . . . . ¢« . .. 106

1. Standard scaling . . . . . . . .0 0. 106

2, Calculated scaling . « « ¢« ¢« ¢« ¢« ¢« ¢ v v o o o 108

B. Technical version graphiecs . . . . . . « ¢« ¢+ . . 110

VI. Fuel model file manipulations . . . . . . . . . .+ . . 114
Getting a model from the file . . . . . . . . . . . 114
Listing the models in the file . . . . . . . . . . . 115
Changing the fuel file header . . . . . . . . . . . 116
Adding a model to the file. . . . . . .« ¢ o .. 117
Replacing a model in the file . . . . . . . . . .. 119

mE Y 0w P

Deleting a model from the file . . . . . . . . . . . 120
VII. Obtaining TI-59 fuel model card data . . . . . . . . . 121
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ST ML

WELCOME TO THE
BEMAVE SYSTEM
FUEL SUBSYSTEM
THETMDL PROGRAM (VERSION 2.8 - SEPTEMBER 1983%)

DEMVELOPED BY THE
FIRE BEHAVIOR RE ROCH WORK LUNTT
MORTHERN FOREST FIRE LABORATORY
MTSSOULA . MOMTANA

ENTER YOUR LAST NAME,

YRLIE G

GRED YOU USTHNG & TERMINAL WITH & SCREEN? (Y (R M),
Y

THE INTERACTIVE FUEL MODEL TESTIMG PROGRAM HAS BOTH A
THORMAL S AND A CTECHMICAL S VERSTON, THE NOEMAL VERSTON
SHOULYL BE USED FIRST, RBUT IF YOU WANT MORE DETAYL THE
TECHNTCAL VERSTON PERMITS GRAPHIC OR TABULAR DISPLAY OF
ADDEITIONAL FUEL &ND FIRE MODEL PARAMETERS,

A CTERSE S MODE T8 AVALLABLE FOR EXPERIENCED LSERS
THEHET WANT LIMITED PROMPTING, DO YO WANT TERSE? Y OR N),

hay!

FULL PROMPT MODE SET.

WILL YOLU BE: \\F§§

T CREATING & MEW FUEL MODEL OR USING aMN NFFL FUEL MODEL?
@, LOADING & PREVIOUSLY BEUTLT MODEL FROM & FLUEL MODEL FILE?
EMTER 1 OR 2
+1

ENTER THE MNUMBER YOU WANT aSSTGNED TO THIS CUsTOM MODEL
RaWGE = 14 TO 99
PEP

EMTER FUEL MODEL NaME (322 CHARACTERS MaXTMUM) .

FDLMAY MODEL
IS YOUR PROPOSED FLUEL MODEL DYMaAMICOL) OR STATIC237
DYHAMIC MODELS AaDJUST FOR SEASONAL DRYING THROUGH TRANSFER

OF LIVE HERBACEOUS LOAD BETWEEN LIVE HERBACECUS AND 1 HOUR
TIMELAG CLASSES, a8 & FUNCTION OF HERBACEOUS FUEL MOTSTURE,

STATIC MODELS HAVE CONSTANT LOADS TN ALl LIVE AND DEAD
FLUEL CLASSES .,
EMTER 1 OR 2
¥l
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PROGEAM C
LOOYOU W

-,
>

OMTROL T8 THROUGH THE USE OF KEYWORDS,
MT & LTSET OF KEYWORDS aAND THEIR FUNCTIONS? (Y OR N

THE PRIMARY KEYWORDS AND THETR FUNCTIONS ARE:

KEYWARD
KEY
TERSE
WORDY
NOFM
TECH
FUEL
ErY
GREAPH

REMUMBER RENUMBER FUEL MODEL AND SELECT DYNAMIC OR STATIC

RESTAR
FILE
TI%5G

AUIT

WHENEVER

THE MNEXT

SHOULD RE
YOL WANT.,
COMTROL. %
PMORM

FLINCGT TN
PRINTS THIS KEYWORD LIST
SET TERSE MODE FOR MINIMAL PROMPTING
SET WORDY MODE FOR FULL PROMPTING
IMPLEMENTS NORMAL S VERSTON OF PROGRAM
ITMPLEMENTS ‘TECHNICAL S VERSION OF PROGRAM
ENTER NEW OR CHAMNGE EXTSTING FUEL MODEL DA&TA
ENTER NEW OR CHANGE EXTSTING ENVIRONMENTAL DATé
IMPLEMENTS GRAPHIC QUTPUT OF COMPUTED RESULTS
TMPLEMENTS TARULAR OUTPUT OF COMPUTED RESULTS

T HBTaHRT PROGRAM AT REGINNING AGATN
ACCESS FUEL MODEL FILE
LIST DATA FOR TISY FUEL MODEL CARD
GULTT SESSTON

TKEYWORD? Y 5 PRINTED, TYPE THE KEYWORD FOR
TASK YOU WANT TO ACCOMPLISH.,  YOUR FIRST RESFONSE
THE KEYWORD “NORM- OR “TECH’ TO GET THE VERSTON

ECTION, KEYWORD?Y

NORMAL VERSION SET,
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ENTER KEYWORD “FLELS TO DEFINE FUEL MODEL PARAMETERS.
CONTROL SECTION, KEYWORD?
FFLIEN.

FUELS MANTPULATION SECTION,
TOOUSE ONE OF THE 13 NFFL FUEL MODELS TYPE NFFL7.
T lNPUT Al FUELS DATA TYPE NEW?,
T CHANGE EXTETING FUELS DATA TYPE CHANGE .,
TO LIST CURRENT FUELS DATA TYPE ‘LIST,
TOOGET OUT OF THE FUELS SECTION TYPE “QUIT .,

KEYWORD?
FNEW

NERW FUEL MODEL DATA INPUT SECTION,

FUELS DATA:
FUEL LOAD (TONSG/ALRED

RANGE = 0, TO 30,
1 HR? O/,Z,., a /Z-L s

Y
B

2 G R J*QhVZ%;’4¢4<174;255?;§f:2;0

100 HRE?

o LIVE HERE? Fn 4%4*ﬂ7*44 e - enlon
RO

LIWVE WOODY?

o4 4
FUEL BED DEPTH TN FEET? 2
RAMGE = .01 T 104,

27

HEAT CONTENT IN BRTUZLER?
EANGE = 2000, TO 12000,
PEO00

MOTSTURE OF EXTINCTTON?
ReMGE = 10, TO &0,
retl

SURFACE AREA/VOLUME RATIOS (560 FT/CL FTi:
RAMGE = 192, TOQ 3500,
1 HR 5/37
2000
LIVE HERR &/Y2
FLEQ0

LIVE WOODY S/U7
P HGD
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http:j.y~)J.EI

FLHEDLLES MANTPULATION SECTION,
TYPE “WFFL, “NMEWT, “OHANGE, “LIST, QR “QUIT?,

KEYWORD?
SLTeT

CURREMNT WVALUES OF FUEL MODEL PARAMETERS
DYMAMIC 59 DUMMY MODEL BY: BURGAN

LOAG CT/A0) 7Y RATIOE GTHER
1 III« 2,00 ’1 III< (RIS BEPTH 1.70
10 HR 2,50 LEVE HERE lﬂﬂﬂ. ME&T CONTENT ”HWU
100 HE 1.00 LIVE Woony 1400, EXT HMOTSTURE [

FNFFL

THIS WILL PLACE AN NFFL MODEL IN COMPUTER MEMORY
TFOYOU NEW HAVE & MODEL TN MEMORY, I7T WLl BE WIPED OUT
THIS WILL NOT AFFECT YOUR FUEL MODEL FILE,

ENTER YES IF THIS IS 0K
ENTER NOOCIF YOU NEED TO STOP AND FILE YOUR CLURRENT MODEL.
PHES

LIVE HERR 0, an
LIVE WOODY 1,410,
FLUELS MANTPULATION SECTTON,
TYPE NFFL, NEW’, “CHANGE', “LIST, OR “QUITY,
KEYWORD?
~
X

EMTER NMFFL MODEL HUMBER (RANGE = 1 T0O 135

¥R

3
NEFFL MODEL 3 ENTERED, é
Al NFFL MODELS ARE STATIC, IF YOU WaNT TGO PRODUCE A D(NMSH

MODEL USEING THE PARAMETERS OF THIS MODEL . TYPE LIST, THEMN

INEWS AND ENTER THE PARAMETERS OF THIS NFFL MODEL,

ITPL HFFL’, NLM’, ’LHHNLL » CLIST, OR CQUIT,

KETWORD?
MLIST

CURRENT VaLUES OF FUEL MODEL PARAMETERS
STAHTIC S, DLUMMY MODEL BYr RBURGARN

LOAD (T/00) S5/V R&ATIOS OTHER

1 HR .01 1 HR 1500, DEFTH 2N
10 HR .00 LIVE HERE a. HE ST CONTENT H5O00,
100 HR .00 LIVE WOODY (. EXT MOISTURE AR
LIVE HERE .00

L. TVE WOODY D.on
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SOMANTPULATION SECTION,
INFFL S, PHEWS , CCHARGE S, L1877, QR “QUIT .,

KEEYWORTD ?
HOMANGE

FUEL HODIFICATION SECTION,
ENTER KEYWORD “QUITY AFTER LAST CHANGE.

DOOYOL WANT & LITST OF FUEL MODEL KEYWORDS? oy OR Mo
Y

THE FUEL MODEL KEYWQRDE AMD THETR MEAMIMNGE afE:
KEYWORD MEANTHG
KEY PRIWNT THIZ KEYWORD KEY
TN 1 HRE S/ RaTIO
HERE S0 RATIO
WOODY S/ RATIO
FLIEL BED DEPTH
HEAT CONTENT
EXTINCTION MOTSTURE
1 HE FUEL LOAD
10 HRE FUEL LOAT
100 MR FUEL LOAD
HERE L.O&D
WOODY 1L.OAD
GTOP MaAKIMG FLUEL MODEL CHANGES

KEYWORD?

YEXTH W é{
MOTSTURE OF EXTINGTION? 4 Z
RAMGE = 10. TO &0, ’éﬁ)A

¥l 7 2 ‘ £ /

KEYWORD?
2Ead /v M/Z;v e
T MBS S2Y RATIO

RaHGE = 198, TO 3500,
21E00

KEYWORD?
ML

FURLS MANTPULATION SECTION,

TYPE “NFFLY, “NEW S, “CHANGE S, LIST , QO <GuIT’
KEYWORD?

MLEET

CURRENT UaALUES OF FUEL MODEL P aEAM

TR

DYNAHIC 5%, DUMMY MODEL BY L BLRGAN

LOAD (T/60)

G RATIOH

1 HE 3,01 1 MR 1700,
10 HE 0.00 LIVE HERER n,

LIWE HERE a.a0.
L.IVE WOOBRY 0. 00
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SAT CONTENT
100 HR .00 LIVE WOODY 0, EXT MOTSTURE

OTHER
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SOMANTPULATION SECTION.
CHEFL Y, CNEWY, CCHANGES, ‘LIST , Or 7GultT’,

KEYWORD? . _ :

SELTT %« W% Mo T L T, W e -
Mave T dp A ko S

ENTER KEYWORD ‘ENU/ 10 DEFING ENVIRDNMENTAL PARAMETERS ,

COMTROL SECTION, KEYWORD?
HLLLE

EMTER CTHE wNaMe OF YOUR FUEL MODEL FILE,
ST '

DOOYOU WaNT 700
1) GET & PREVIOUSLY BULLT 81 "f' ESPECIFIC FUEL MODEL
23 LIST THE NUMBERS AND NaAMES OF FUEL MODELS IN YOUR FILE
) CHANGE & FUEL FILE HIﬁDLH
4 ADD THE FUEL MODEL JUST BUILT, TO THE FUEL MODEL FILE
53 REPLACE A FUEL MODEL IN THE FILE
&y DELETE & FUEL MODEL FROM THE FUEL MODEL FILE
PG00 BACK TO THE CONTROL SECTION

ERTER 1, &, 3, 4, 5,74 OR 7
bR

EMTER FUEL MODEL MUMEER

RANGE = 14 T0 99 %m ,5{, nesmein Z;l 7/
41 /

MODEL &0 LOADED /é w/% %“/ ””’%Af

ENTER KEYWORD “ENVY TO DEFINE ENVIRONMENTAL lﬁHanTlhv.
COMTROL SECTION, KEYWORD?
FFLIEL,

FLELS MANTPULATION SECTTON,

TO USE OWNE OF THE 13 NFFL FUEL MODELS TYPE NFFL.7.
TOOINPUT ALL FH“Lb DATAH TYPE NEW”,
T CHANGE EXC ING FUELS DATA TYPE CHANGE
TOOLIET CURRENT FUELS DATH TYPE LISTS
TO GET OUT OF THE FUELS SECTION TYPE QUIT .,

-

KEYWORD?
MLLET

CURRENT VALUES OF FUEL MODEL PARAMMETERS
DYMAMIC &0, FIRST SAMPLE MODEL BY: BURGAN

L. TJHI“ CT/A0) A R&ETIOG CITHIER

1 HP ] uU 1 HP lVﬂé. DEPTH - 0.81
10 HR g.1% LIVE HERE 1500, HEAT CONTENT 8440,
100 HR L, 92 LIVE WOODY gno, EXT MOISTURE 13,
LIVE HERER 1.47

LIVE WOOnyY b.&0
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FUELS MANMTPULATION SECTION,
TYPE PNFFLS, "MEW’, “CHANGE, “LIST, ORrR ‘QUIT/,

KEYWORD?
FOTT

ENTER KEYWORD CENVY T DEFINE ENMVIRONMENTAL PARAMETERS,
COMTROL. SECTION, KEYWORD?
FENY

ENUTEOMMENT MANTPULATION SECTION,
TOOOINPUT ALL ENVIRONMENTAL DATA TYPE NEW?,
TO CHANGE EXTSTING ENVIRONMENTAL DATA TYPE TCHANGE .
TO LIST CURRENT ENVIRONMENTAL DaTa TYPE LISTS,
TO ASSIGN STANDARD ENVIRONMENTAL DATA TYPE “S5TD.
TO GET (QUT OF THE ENVIRONMENTAL SECTION TYPFE “QUIT .

KEYWORD?
HETD

FLEL ClLARS

FUEL MOTSTURES O MER
L.OW MED HTGH
1 HR 3, & 12, MIDFLAME WINDSPEED
10 HR 4. 7. 13, 4 MPH

100 HR 5 &, 14,

LIVE HERE 70 . 120, 170, SLOPE = 30, FERCENT

LIVE WOODY 70, 120, 170
ENTER LOWY, OR ‘MEDIUM’, OR ‘HIGH’ TO SELECT FUEL <€ ,4{ 6442:;4,
MOTLSTURE RANGE
MW —— 7, ,444£JI:£

STANDARD ENVIRONMENTAL DATA SET.

ENVIRONMENT MANIPULATION SECTION,
TYPE ‘NEW’, ‘CHANGE’, “LIST , “8TDh7, O “QUIT",

KEYWORD?
IET

STANDARD ENVIRONMENTAL PARAMETERS
DYMNAMIC &0, FIRST SAMPLE MODEL BY: BURGAHN

FUEL CLASS FUEL MOTSTURES CITHER

LOW MED HIGH

1 MR 3. & 1, MLDFLAME WINDSPEED
10 HR 4, 7 13, 4 MPH

100 HR % 8. 14,

LIVE HERE VAL 120, 17210, SLOPE = 30  PERCENT
LIVE Woony AN 120, 170,

LOW FUEL MOISTURE SET.— 2/ /gé;L /% 4 A/
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EMVTIRONMENT MANIPULATION SECTION,
TYPE “NEW’, “CHANGE, “LIST/, “8TD’, OR ‘QUIT’.

KEYWORD?
PNEW

NEW ENVIRONMENTAL DaTéa SECTION.

EWNVIRONMENTAL DATH:
DEAD MOTSTURES KD
RENGE = 2. TO 50,
1 HR?

10 HR?
1600 HR?

LIVE MOTSTURES (%)
RAMGE = 30, TO 350,
LIVE HERR?
Lo
LIVE WOODY?
1
MIDFLAME WINDSPEED TN MPH?
RAMGE = 0. T0O 18,
5l
SLOPE TN PERCENT?
RaMGE = 0. T0O 200,

2E0

EMNVIROMMENT MANTIPULATION SECTION,
TYPE NEW?, “CHAMGE, “LIST , /8TDh7, OrR QUIT",

YWIRD?

.
a7

KE
T

CURRENT LISER DEFINED ENVIRONMENTAL PARAMETERS
DYNAMIC, &0, FIRST SAMPLE MODEL BY: BURGAN
MOTSTURES (3 OTHER

1 HF 4. : MIDFLAME WIND (MPH)

10 MR 5 SLOPE (PERCENT)
100 HR &
LIVE HERR 100,
LIVE WOaDny 120,

101
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FNVIRONMENT MANTPLLATION SECTION,
TYPE “NEW’, “CHaNGE, “LIST S, “%7TDd7, OrR QUIT”,

KEYWORD?
FOHGNGE

ENVIRONMENMTAL DATE MODIFICATION SECTION,

TYPE KEYWORD ‘QUITY AFTER LAST CHaNGE,
DOOYOW WANT A LIST OF ENVIRONMENTAL KEYWORDE? Y OR M

Y

THED ENVTRONMEMTAL KEYWORDS AND THETR MEANINGS ARE:

KEYWORD MEANTNG

KEY PRINT THIS KEYWIRD LI&T

M1 1T HR FUEL MOTISTURE
M10 10 HR FUEL MOISTURE
M100 100 HR FUEL MOTSTUR
MHER 2 LIVE HERE FUEL MOTE
MWQOD LIVE WOODY FUEL MOTSTURE

WIND MIDFILAME WINDGPEED

SLOPE PERCENT SLOPE

QLITT STOP MAKING ENVIRONMENTAL CHANGES

£
3 TLIRE

KEYWORDY?

LIVE HERR?

RaMGE = 30, é 7‘ 5 4 'z

KEYWORD 7 W M aod ,4—44—
YGLOPE

SLOPE TN PERCENT?

RiHGE = @0, T0O 200,

PR

KEYWORD?

SRUTLT

EMUTRONMENT MANTPULATION SECTION,
TYPE ‘NEW?, “CHAMGE’, LIST , “4Th7, OF “QUIT .,

KEYWORD?

*LLIsT
CURRENT UWSER DEFIMED ENVIRONMENTAL PARAMETERS
DYNAMIC, &0, FIRST SAMPLE MODEL BY o BURGHAN

HOTISTURES (45 OTHER

1 MR 4. MIDFLAME WIND (MPI)

10 HR R SLOPE (PERCEMNT)
100 HR &

LIVE HERR 90 e

LIVE WOODY 120,
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ENUVIROMMENT MANIPULATION SECTION,
TYPE NEW’, “OHANGE' ., “LIST , “8TD’, OR QuUIT .,

' KEYWAORD?
pAtTRNS

EMTER KEYWORD GRAFPH OR CTARLES TO DEFINE TYPE OF OUTPUT.
COMTROL SECTION, KEYWORD?

PTEBLE

TABLE QUTPLUT SET,

TarULAaR QUTRLUT SECTION,

DOYOL WaENT A LIST OF KEYWORDS FOR SELECTING aN ENVIRONMENTAL
FaRAMETER T0O VARY? (Y OR N).

Sy

THE KEYWORDE FOR OTHE EMVIRONMENTAL VARIABLES ARE:

KEYWORD VART ARILE

KEY PRINT THIS KEYWORD LIGT
[} 1 HR FUEL MOTSTURE
M1 10 HR FUEL MOTSTURE
M1060 100 HRE FUEL MOTSTURE
MHER LIVE HERE FUEL MOTISTURE
MWOOD LIVE WOODY FUEL MOTLSTURE

WD MIDFLAME WINDSGPEED / e L/ .
SLOPE PERCENT SLOPE _ . M
' ENTER EMUVTRONMENTAL PARAMETER KEYWIRD, M «M/t
PWIND e <
YOLR MIDFLAME WINDSPEED 15 5 bt ""“’"‘(-
EMTER & MORE VALUES. 2 /Z:” :
FIRST VALUE?
TAMNGE = 0, TO 18, oé‘u—w

0

WA

SECOND VALUE?
14
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FUEL MODEL TEST RUN -- USER DEFINED ENVIRCOMMENTAL IN PUT

DYHAMIC &0, FIRST SAMPLE MODEL BY: BURGAN

LOAD (T/7AC) 5/V RATIOS OTHER

o sons seee o roen ere oo ate aese saes sese save dess duoe vese o e saes sese aene sens sare suss anee s aren nrns sens o

1 HR 10,30 1 HE 1923, DEFTH 0.
10 HR 8.19 LIVE HERR 1500, HEAT CONTENT a440,
100 HR 6,92 LIVE WOODY 800, EXT MOTSTURE 13,
LIVE HERR 1.47 S5TGMA 1790, PRE/GPR H 70
LIVE WOODY 0.40

ENVIRONMENTAL FIRE BEHAVIOR RESULTS
1 HR OFM 4, VARTARLE 0. 5 10,
[ (] H F{ ]:2‘ M 5 . rase suns ooes mute shee see smen stee dome ene suss saad sesh sree se0n srer sern e e e JT——
100 HR FM b, ROS (FT/M) K 9, a2l
LIVE HERE FiM 90, FL. (FT) &, 4, o
LIVE WoobdYy FM 120, IR C(BTU/SQFT/M) 4218, 427 4218,

H/76 (BTU/SQFT) Y04, 204, S04,
SLOFE (7 35, FLT (BTU/FT/SEC) X9, 137, B0& .
RUM ANOTHER TABLE? (Y OR N)
N
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COMTREOL SECTION, KEYWORD?
HERAPH
GRAPHIC OUTPUT SET.

HORMAL VERSION GRAPHICS SECTION,

DOYOU WANT GRAPH 1 - RATE OF SPREAD? (Y OR N).
Y
DOOYOU WANT GRaAFPH 2 -~ FLAME LENGTH? (Y OR N).

e
A

DooYOU WANT T USE:

1) STANDARD

23 CALCULATED
GCALING OF THE Y-AXI&7

ENTER 1 OR 2

1

YOUR 1 MR FM I8 4,

DO YOU WANT TO PLOT CURVES FOR 2 MORE 1 HR MOISTURES?

Y

FIRST LallbE?
RAMGE = 2., T0 350,
3

SECOND VaLUE?
RANGE = 2. T0 50,
>

(Y OR N.

DO YOU WANT GRAPH 3 -~ FIRE CHARACTERISTICS CHART? (Y OR N).,

Y

DO YOU WANT TOQ COMPARE YOUR MODEL WITH 1 OR 2 NFFL MODELS?

Y

ENTER FIRST NFFIL. MODEL NMUMRER
RAMGE = 1., TO 13,
pE:

DOOYOU WANT TO SELECT A SECOND NFFL MODEL? (Y OR N),
Y

ENTER SECOND NFFL MODEL NUMBER
RAMGE = 1, T0 13,

bs (",Z'
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DYHAMIC &0 FERST SaMPLE MODEL BY: BURGHN
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NORMAL VERSTOM GRAPHICE SECTION.

DOOYOL WANT GRAPH 1 - RATE OF

N

SPREAD?

oo F1. AME

3

YO WANT GRAPH 2 - LENGTH?

YO WANT TO USE:

1) STANDARD

29 CALCULATED
SCALING OF THE Y-aXIH7?

D0

N
yit

ENTER 1 OR 2
YOUR 1 HR FM I8
DOYOU WANT 10

.
2

4 L

PL.OT CURVES FOR 2 MORE

FIRGT
RAMGE = &,

RRA!

UaLUE?
T 30,

SECOND VALUE?
RAMGE = 2, TGO 50,
e
no GRAPH & -
3

TOU WANT
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COMTROL. SECTION, KEYWORD?Y
PTEGCH

TECHMTCAL VERSTON SET.
CONTROL SECTION, KEYWORD?
JGRAPH

GRAPHIC QUTPUT SET.

TECHNICAL VERITON GRAPHICS SECTION,
DOYOU WANT KEYWORDE FOR X AXIS? (Y DR N .
kA '
THE KEYWORDS FOR THE X AXTS AND THEIR MEAMING aRE:
KEY PRINT THIS KEYWORD LIST ‘
pr e 1 HR 5/V RATIO
SAlW WooonYy S/V RATIO
.1 1 HR FUEL 1.0aD
L.10 10 HR FUEL LOAD
1.100 100 HR FUEIL LOAD ’
I.H HERE FUEL LOAD
l.W Woany FUEl. LOAD
DEPTH FUEL BRED DEPTH \\\
EXTM EXTINCTION MOLSTURE
HEAT HEAT CONTENT

M1 1 HR FUEL MOISTURE
M10 10 HR FUEL MOLSTURE

M100 100 HR FUEL MOTSTURE

MHERE  HERE FUEL MOISTURE

MWOIOD  WOODY FUEL MOISTURE

WIND MIDFL.AME WINDSPEED

SLOPE  PERCENT SLOPE
LDOOYOL WANT KEYWORDE FOR Y AXIS? (Y OR N)
Y

KEYWORD MEANTNG
SAH HERE /U RATIO %«} % ,«Z:M Caer
/l —~ % XN~ adeo

THE KEYWORDS FOR THE Y AXTS5 AND THEIR MEANING ARE:

KEYWORD MEANING
FLEINT  FIRELINE INTENSITY &2/4AZZZ;_ é

RATE RATE OF SPREAD

REMC REACTION INTENSITY 22{ Y .
Fl.aME  FlLAME LENGTH L — agy

HZ 6 HEAT PER UNIT AREA
RE&GFI. ROG/FL. RATIO
Pk PAECKING RATIO
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X oAXLS KEYWORD?

ENTER MINEMUM 1 MR FLUEL LOAD TR TONS/AACRE
RAaMNGE = 001 TO 30,
21

ENTER MAXTMUM 1 HE FUEL 1L.OAD
Y30

ENMTER v aX1S5 KEYWIRD,
PRATE

ER

O CadN ETTHER
ST Y OAXTS RANGE

1) Sk

23 USE THE CaALCULATED Y AXIES RANGE
CALCULATED Y AXTS RANGE FOR RATE OF SPREAD (0. T0O 10.9
ENTER 1 OR 2
21

ENTER MAXTMUM Y Vil
e - — ,44:7‘,JZEZZ‘4n‘-7hhna—~n,,4&ﬂ&£4 /JZ: /2

DYMAMIC &0 FIRBT SAMPLE MODEL BY: BURGAN 1 MR
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1.0 9.8 1 1% 21 b A0
1 HR FUEL LOAD (TONS/ACRED

PRESS RETURN TO CONTINUE

N
2

DOYOU WANT TO CHANGE THE X AXITS, THE Y AXIS OR QUIT?
ENTER X, Y, OR QUIT

/&W,Z/,Zaa_,%«f srnnsle m T V-aiis
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FOLE 2AM
1)

&2

ERNTER Y AXTS KEYWORD, ﬁ Z : '/Aéi;‘
R < /¢4L A&h;7l¢buuu

G UL TR

AR TS RANGE

CALCULATED Y axXTh RadNGt FOR HEAST PER UNIT AREA o0 TO G040
ENTER 1 0O 2

2 c<

DYMAMIC &0 FIRST Sai 3 BY 1y
Hoo904 :
I ! %

£ b

TOOVES e .
._,.~’ ] e e ¥
& I N3
R ii- ([ Z' + A e He e
“\ ! K
! . §
I

1.0 I 11 1% 20 . A0 \\\
1 HE FLUEL LOAD (TOMS/ACRED

.
+

FRESS RETURN TO CONTINUE

]

DOCYOL WANT TO CHEAN
EMTER X, Y, OR QUIT
X

THE X axls. THE Y aXxXIS Or QuUIT?

Becie 7 V»Zf;,, ZZX—WM
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TECHMICHL YERSTON GRAPHICS SECTION,

DOOYOL WANT KEYWORDS FOR X AXIST (Y (OR i)
N

DO YOU WANT KEYWORDS FOR Y AXIS?Y Y OR M)
ba!

X AXIS |\| TWORD 7 Z 2 ,
M0 /0

EMTER MINTMUM 10 HE FUEL LOAD TN TONS/GORE

RAMGE = 001 TO 30, DZf .
3 Sad ‘L¢;o"é ,4fd;p /Zﬁr,&bte a
ENTER MAXTHMUM 10 HE FUEL 1.0OA) /4«7 - Sron W“M ~

30

ENTER Y AXTS KEYWORD. p %/Z‘“’ Je /"Z?"
A

SRATE
A /ém e
YOL CAN ETTHER ,Z&/ zé /

1) SET THE Y AaXI5 RANGE
CALCULATED ¥ AXIS RANGE FOR RATE OF"ﬁPREﬁD ] (0. T 1&.)

2y USE THE CQLCULQTED oaXTE Q\E:\
ENTER 1 0O 2
|ll’;:§

2

DYNAMIC &0 FIRST SAMPLE MODEL BY: RURGAN
5 14 A%

[
12
k170
2]

%%

N,

.x. .x.
-)g: 3 .x.
%%
%% %
XX 3
EE PR
36 56 3 K
3% % % 3 %
T PP LI
R KKK
XK %

3

.
]

[ YOS S (UG U VU ST

1.0 5.8 11 1% 20
S0 HROFUEL LOAD (TONS/ZACRED
PRESE RETURN TO CONTINUE

N
'

DOYYOU WaANT 7O CHANGE THE X AXTS. THE Y aXIs OR QUIT?
ENTER X, Y, OR QUIT
LT
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COMTROL, SECTION, KEYWORD?
METLE

00 YOU WISH 70 USE THE CURRENT FUEL MODEL FILE (Y OR N7
THE CURRENT FILE 1% MYFILE
Y

DO YOU WANT TO:
1) GET & PREVIOUSLY BUTLLT SITE SPECTFIC FUEL MODEL
2y LIST THE NUMRBRERS AND NAMES OF FUEL MODELS TN YOUR FILE
) CHANGE & FUEL FILE HEADER
4) ADD THE FUEL MODEL JUST RUILLT, TO THE FUEL MODEL FILE
%) REPLACE A FUEL MODEL TN THE FILE
6 DELETE A& FUEL MODEL FROM THE FUEL MODEL FILE
7Y GO RACK T THE CONTROL SECTION

ENTER 1, 2, %, 4, O, & OR 7
>

ENTER FUEL MODEL NUMBER
RAMGE = 14 T 99
261

MODEL 61 LOADED
CONTROL, SECTION, KEYWORD?
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SETLE /Zf é / /Z /% oo

DO YOU WISH TO USE THE CURRENT FUEL MODEL FILE (Y QR NY?

THE CURRENT FILE I8 MYFILE ‘
Y

0O YOU WANT TO:
1Y GET & PREVIOUSLY RUTLT SITE SPECIFIC FUEL MODEL
) LEIST THE NUMRBERS AND NAMES OF FUEL MODELS IN YOUR FILE
F CHANGE A FUEL FILE MHEADER
4) ADD THE FUEL MODEL JUST BUTLT, TO THE FUEL MODEL FILE
5Y REPLACE & FUEL MODEL IN THE FILE
&y DELETE & FUEL MODEL FROM THE FUEL MODEL FILE
7Y GO BACK TO THE CONTROL SECTION

ENTER 1, 2, 3, 4, 5, 6 OR 7
S

GAMPLE FUEL MODEL FILE «— o(_mjw ﬂ ,[amfl'«. w
60 FIRST SAMPLE MODEL
61 GECOND SAMPLE MODEL } %o« zﬁﬂ M
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LOYOL WaNT 10
1 GET @A '3"U1HU"f BUTLT SITE SPECIFIC FUEL MODEL
2 OLIST O THE N AR & HND aMES OF FUEL MODELS TN YOUR FILLE
Ay CHAMNGE & " HEADRER
A3 ab T JUST RUTLT, 10 THE FUEL MODEL FILLE
O REPL® N THE FI

FROM THE 5. MODEL FILE

THE CHN%ROL SECTION

1, 2, 3%, 4, 5, & OR 7

FasEWoRDn
FNFF

ErTER NEW PASSWORD (4 CHAR Mﬁv) ' o
FLFFN MW ,dc4 M,M?n—g,«u
~ { /mﬂl (NFFL) e ol A e T 7

FSCEIFTION "T85,

6“ rUU MMNT 11 meN(I
Y

ITre Y OR ®)

THITS FUEL FILE (P2 CHaR Max)

';¥.b11m:<;_;mzif:w!,/ /ZZZ loeoninZin Aéliz ——"

FUEL FILE MEADER CHANGED pate oom T~ 7// ‘”0
DO YOU WANT 7D A 4 ‘éz"sz«JO&:w

YORUILT STTE SPECIFICOFUEL MODEL
L AND NAMES
- HEADER
JUST BUILT, TO
TNOTHE FILE
FROM T
7y G0 BACK TO THE CONTROL SEC

. {I HH
A3 fHﬁN N F
HDD THE

UF FLUEL MODELS ITH YOUR FILLE

THE FUEL MODEL FILE

L MODEL FILE

EMTER 1, 2, 3, 4, 5, & OR 7

e
l"')(f'ni"il" LE FUEL MODEL FILE e % W
O FIRST SaMPLE MODEL

COND SAMPLE MODEL
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DO YOU WaNT TO:
1Y GET & PREVIOUSLY RUTLT &
20 LIST THE NUMRBERE AND NAM
A0 CHANGE & FUEL FILE MEADER
4) ADD THE FUEL MODEL JU&ST RUILT, TO THE FUEL MODEL FILE
D) REPLACE A FUEL MODEL TN THE FILE
63 DELETE & FUEL MODEL FROM THE FUEL MODEL FILE
7y G0 BACK TO THE CONTROL SECTION

GPEC
5OOF FLU

FIC FUREL MODEL
MODELS TN YOUR FILE

EMTER 1, 2, 3, 4, 5, & OR 7

>4

f FUEL MODEL WETH THIS MUMBER ALREADY EXITSTS TN THE FILE

RETURNING T THE CONTROL SECTION S0 YOU Can RENUMBER THE MODEL Q§$

COMTROL SECTION, KEYWIRD?

PRENUMBER  €——m  Zpz, 7
D OTOTHIS CUSTOM MODEL

ENTER THE NUMBER YOU WANT ASETEN
RANGE = 14 TO 99

26— :Z& 5

ENTER FUEL MODEL NAME (32 CHARACTERS MAXTHUI).
YSECOND GOPY OF MODEL 61 é%fz4l,big,2;£; /4264““"2f”“J%;““

9 YOUR PROPOSED FUEL MODEL DYNAMICOLY OF STATICE? N

DYNAMIC MODELS ADJUST FOR SEASONAL DRYIMG THROUWGH TRANSFER :
OF LIVE HERBACEQOUS LOAD BETWEEN LIVE HERBACEQOUS AND 1 HOUR

TIMELAG CLASSES, A5 A FUNCTION OF HERRBACEOUS FUEL MOTSTURE.

GTATIC MODELS HAVE CONSTANT LOADS IN ALL LTVE AND DEAD

FUEL CLASSES, . Suwce I
ENTER 1 OR 2 MM o ansdled M

130 _=z . I m s ;?/)-44-44—

PROGRAM CONTROL TS THROUGH THE USE OF KEYWORDS
DO YOU WANT A LIST OF KEYWORDS AND THEIR FUNGTIONG? (Y
YN

WHENEVER “KEYWORD?Z I8 PRINTED, TYPE THE KEYWIRD FOR
THE NLXI TASK YOLD WaNT 1O ACCOMPLISH.,  YOUR FIRSGT RESPOMSE
SHOULD BE THE KEYWORD SNORMY OR TECH TO GET THE VERSION

\/LJ i ;MA/AIJ
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CONTROL SECTION, KEYWORD?
FTLE

DO YOU WISH TO USE THE CURRENT FUEL MODEL FILE (Y OR N)7
CTHE CURRENT FILE I8 MYFILE
>

DO O WAaNT T
1y GET A PREVIOUSLY BUTLT SITE SPECIFIC FUEL MODEL
2 OLIST OTHE NMUMRERS AND NAMES OF FUEL MODELS TN YOUR FILE
A0 CHANGE & FUEL FILE MEADER
4 ADD THE FUEL MUODEL JUST RBUILT, T0O THE FUEL MODEL FILE
53 REPLACE & FUEL MODEL IN THE FILE
&) DELETE & FUEL MODEL FROM THE FUEL MODEL FILE
GO BACK TO THE CONTROL SECTION

FENTER 1, ﬁ, 3; 4, ﬁ, H R 7 o
4 Tl 2 i)
ENTER PASSWORD

FUEL MODEL &2 WRITTEN TO FUEL MODEL FILE-‘&——J

DOOYOU WANT TO:
1y GET A& PREVIOUSLY RUILT SITE SPECTFIC FUEL MODEL
2 LIST THE NUMBERS AND NAMES OF FUEL MODELS IN YOUR FILE
3 CHANGE A FUEL FILE HEADER
A ADD THE FUEL MODEL JUST RUILT, TO THE FUEL MODEL FILE
%) REPLACE & FUEL MODEL IN THE FILE
&) DELETE A FUEL MODEL FROM THE FUEL MODEL FILE
7y GO BACK TO THE CONTROL SECTION

ENTER 1, &, %, 4, 5, & OR 7

£
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CONTROL, SECTION., KEYWORD?
PEUEL

' FUELS MANIPULATION SECTION,
TO USE OME OF THE 13 NFFL OFLUEL MODELS TYPE NFFLY,

TO INPUT Al FUELS DATE TYPE “REW. .

TO CHANGE EXISTING FUELS DATH TYPE “CHANGE ",

TO LIST CURRENT FUELS DATA TYPE “LIST .,

TO GET QUT OF THE FUELS SECTION TYPE ‘QUIT .,
KEYWORD?
FOHANGE

FUEL MODIFTOCATION SECTION,
ENTER KEYWOIRD “QUITY AFTER LAST CHA&NGE,

DOOYOU WANT A LIST OF FUEL MODEL KEYWORDRS? (Y OR N)

§
}:;;:—(:f;jgmre.n? /LQ!: VA /Zf 41 3
%

MOTSTURE OF EXTINCTION? < AV7‘

RaMGE = 10, TO &0,
»30

KE S WORD?
HILTLT

FUELS MANIPLLATION SECTION,
TYPE NFFLY, “NEW’, “CHANGE:, “LIST , OR ‘QUIT

KEYWORD?
FLIST

CURRENT VALUES OF FUEL MODEL PARAMETERS
BTATIC &2, SECOND COPY OF MODEL &1 BY: RBURGAN

IUﬁD (I/hf) VAV hh1l0‘ ﬂIHIR

1 HR 1.&2 1 HR l?ﬂ&. DEPTH 1,67
10 MR 4,00 LIVE HERR 0. HEAT CONTENT guoq.,
100 HR 7,20 LIVE WOoDY . EXT MOYTSTURE 30.
LIVE HERE 0.0n0

LIVE WOODY 0,00

FUELS MANIPULATION SECTION,
TYPE “NFFL‘, “NEW?, ‘CHANGE’, ‘LIST‘, OR ‘QUIT~’

KEYWORD?
HOUTT
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COMTROL SECTION, KEYWORD?
SETILE

DOOYOU WISH T0O USE THE CUREENT FUEL MODEL FILLE (Y OR N7
THE CURRENT FILE I8 MYFILE

P

DO YOU WakT 70!
1) GET A PREVIOUSLY RUTLT SITE SPECIFIC FUEL MODEL
20 LIST THE NUMBERS AND NAMES OF FUEL MODELS IN YOUR FILLE
) CHANGE & FUEL FTLE HEADER
43 ADD THE FUEL MODEL JUST RBUTLT, TO THE FUEL MODEL FILLE
90 REPLACE & FUEL MODEL IN THE FILE
3 DELETE & FUEL MODEL FROM THE FUEL MODEL FITLE
7y GO BACK TO THE CONTROL SECTION

ENTER 1, 2, %, 4, &, 6 OR 7

75 W/ b2 coao 4:‘"/’;‘
ENTER PASSWORD ,iﬁzf .

LN %{ st W .
FUEL HODEL 62 WRITTEN TO FUEL MODEL FILE <5——aa——“*“""—:>

DOYOU WANT TO:
1)y GET A PREVIOUSLY RUTLT SITE SPECIFIC FUEL MODEL
23 LIST THE NUMBERS AND NAMES OF FUEL MODELS IN YOUR FILE
Ay CHANGE A FUEL FILE HEADER
4 ADD OTHE FUEL MODEL JUST BULLT, TO THE FUEL MODEL FILE
5y REPLACE A FUEL MODEL IN THE FILE
6y DELETE A FUEL MODEL FROM THE FUEL MODEL FILE
7y GO RBRACK TO THE CONTROL SECTION

ENTER 1, 2, 3%, 4, 5, & OR 7

¥

HOW MANY MODELS DO YOU WANT TO DELETE?
RAMGE = 0 T0 U

21

EMTER NUMBER OF FIRST MODEL TO BRE DELETED

w g e
PR f."

FUEL MODEL H2 DELETED
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DO YOU WaNT T0: N
1y GET A PREVIOUSLY BUILT SITE SPECIFIC FUEL MODEL -~
5y LIST THE NUMBERS AND NAMES OF FUEL HODELS IN YOUR FILE
3) CHANGE A FUEL FILE HEADER
4) ADD THE FUEL MODEL JUST BULLT,. TO THE FUEL MODEL FILE
%) REPLACE & FUEL MODEL IN THE FILE
&) DELETE & FUEL MODEL FROM THE FLU
7Y G0 BACK TO THE CONTREOL SECTTON

2l MODEL. FILE

ENTER 1, 2, %, 4, 5, & OR 7

#1

ENTER FUEL MODEL MUMBER
ROMGE = 14 TO 99
60

MODEL &0 LOADED
CONTROL SECTION, KEYWORD?

PTIEY

¥ TT-%%9 DATA FOR DYMAMIC MODEL &0, FIRST SaMPLE MODEL
MODEL ParAMETER P arMETER VAl TT REG
- LOADE e
1 HR fh, 4729 11
10 MR 0,376 1
100 HR 0, 3177 13
LIVE HERE 0, 0&75 145
LIVE WOODY 0. 14

-8 RATIO -

1 HR 1923, 17
1 HE 10%, 1
100 HE A0 1%
LIVE HERE 1500, ]
LIVE WOOLY qoo, g

TTHERS o
HEAT CONTENT 84440 , X
ROS FOR IC PYTGHY, 24

EXT MOTSTURE 13, 5

DEPTH 0. 81 24

MOWE CONSTANT 1. 2y
PRESS RETURN TO CONTINUE
)

ﬂ/ﬁ‘&iy 72‘—5'7%/,,va4 am

THE WIND ADJUSETMENT FaCTOR TO REDUCE 20 FOOT WINDSPEED
TO MIDFLAME WINDSPEED FOR FULLY EXPOSED FUELS T8 0.4
CONSULT ROTHERMEL S HOW TO PREDICT ..., B

FOR PARTIALLY OR FULLY SHELTERED FUELS,

COMTROL. SECTION, KEYWORD?

MRUTT

DO YO REALLY WANT TO TERMIMNATE THIS RLUN? Y OR N,
3Y ‘

TETHMDL RUN TERMINATED.
X3 KKK KK KKK KKK KKK KKK
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APPENDIX D: FUEL MODEL FILE STRUCTURE

The fuel model file serves as the basic means of communication
between the programs of the BEHAVE system. The structure of the
file is:

1. A "header" record containing the user's password and a general
description of the models in the file.

2. One record for each fuel model in the file.

3. An end of file mark.

If fuel models have been deleted from a file, you may find some
extraneous records after the first end of file mark. They should not
be a cause for concern. With some computers you may see these
records if you look at the file with the editor. Other computers may
delete them.

The records of the file are described in detail below.

"Header" Record

Column(s) Data recorded
1 - 4 User's password
5 - 6 Blank
7 - 178 File description
79 Blank
80 A letter of the alphabet

The letter in column 80 will be used to check whether or not the
fuel model has the current format. When BEHAVE is implemented this
letter will be A. If the format changes in the future, the letter will
be changed to B, then C, etc.

Fuel Model Card Records

Column(s) Data recorded
1 - 2 Fuel model number
3 Wind reduction factor
4 - 35 Fuel model name
36 - 39 1-h load
40 - 43 10-h load
44 - 47 100-h load
48 - 51 Live herbaceous load
52 - 55 Live woody load
56 - 59 Fuel bed depth
60 - 64 Heat content
65 - 66 Extinction moisture
67 - 70 1-h S/V ratio
71 - 74 Live herbaceous S/V
ratio
75 - 78 Live woody S/V ratio
79 Letter
80 Dynamic (1),

static (2) code

The formats used to write and read these records are:
"Header" record:

Write format (A4,2X,18A4, 1X, Al))
Read format (A4,2X,18A4, 1X, Al))

Fuel model records:

Write format (I12,11,32A1,614,15,12,314,A1,11)
Read format (F2.0,11,32A1,6F4,2,F5.0,F2.0,3F4,0,A1,I1)
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APPENDIX E: WEIGHTING PROCEDURES USED IN PROGRAM NEWMDL

Field data are usually collected for more than one of the fuel com-
ponents--litter, grass, shrubs, or slash. The data collected for each
component will differ. For example, the 1-h S/V ratio for litter will
not likely be the same as for shrubs or grass. And the heat content
may be different for slash than for the live leaves and twigs of
shrubs. Therefore, while the NEWMDL program will accept the diver-
sity of data collected on the various fuel components, it must even-
tually be condensed to "average" values that represent the entire fuel
complex. This appendix describes the weighting procedures used to
calculate average heat content, 1l-h S/V ratio, dead fuel extinction
moisture, and fuel bed depth for the "first cut" fuel model produced
by the NEWMDL program.

Heat Content

1. Calculate the mean total surface area of fuel in the jth class of
the

(0)1:(W ),
dead category: A.. =4 o'lj

1
(pp)lj
and the
. _ (0)2](w0)2
live category: AZj =—=1 °¢4
(pp)Zj
where

o = surface-area-to-volume ratio of the jﬂ'l class of
the dead fuel category

W = ovendry load in the jth class of the dead fuel
category

p_ = particle density (32 1b/ft3)

2. Calculate the mean total surface area of the

3
dead category: A.. = I A,.
1j =1 1j
and the
_ 2
live category: AZ' = I AZ'
) =1 )

and the mean total surface area of the complex
2

A.. = I A,
T i=11

3. Determine the fraction of the total surface area in the

Al
dead category: f1 =—
AT
AZ 1
live herbaceous class: f2 1° —=
’ A2
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live woody class: f2,2 e

4, Calculate the weighted heat content for all fuel classes
and categories ‘

Hy = fHy 0 * 5080 * £ 01 2
where
Hl,l = dead fuel heat content (Btu/lb)
H2,1 = live herbaceous heat content (Btu/lb)
HZ,Z = live woody heat content (Btu/lb)

One-Hour Timelag Surface-to-Volume Ratio

1. Calculate weighting factors for each component

f. = W.0./32
i i
where
Wi = ovendry load of each component
o, =1-h S/V ratio of each component.

2. Calculate the "characteristic® l1-hour S/V ratio for the
fuel complex

4 4
01,1 =1 fioi/Z fi
i=1 i=1

Dead Fuel Extinction Moisture and Fuel Bed Depth

1. Convert total load of each component from tons per acre to
pounds per square foot

2. Calculate the packing ratio for litter, grass, and slash
components as

w
B = ._(2
P 328
cp
where

Bcp = component packing ratio
ch= component load (lb/ft?)
ch = component depth
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MOISTURE OF EXTINCTION (FRACTION)

Calculate the extinction moisture (%) for litter, grass, and slash
components

chp = 100(0. 12+4.85Cp)
where

MXCp = component extinction moisture

Component extinction moisture (chp) estimates are based on the

relationship of extinction moisture to packing ratio for the 13
NFFL fuel models (fig. 26). These models can be separated into
two groups:

- shrubs and tall coarse grass (models 3-7)
- shorter, finer grasses (models 1 and 2) and fuels that

are primarily horizontal (models 8-13)

The two groups were considered separartely. The extinction
moisture of the first group is set, in subroutine SHRUB, as 0.35
if the leaves are said to contain oils and waxes, 0.20 if not.

The extinction moisture of the second group is calculated using
the regression line fitted to the points plotted for models 1-2,
and 8-13,

Calculate extinction moisture for the fuel model

4
M =IM w
x Xcp cp o
i= .
where
w, o= total ovendry load

Depth for the fuel complex is similarly calculated

4

§ =8 W /W
cp cp o

i=1

Figure 26.--Moisture of

extinction is assigned for
shrub-type fuels (models
3~7), but calculated from

i i ) | the extinction moisture
o 0.01 0.02 0.03 0.04 equation for other fuel
types (models 1-2 and

PACKING RATIO (8) 8-13).
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Burgan, Robert E.; Rothermel, Richard C. BEHAVE: fire
behavior prediction and fuel modeling system--FUEL
subsystem. General Technical Report INT-167. Ogden,
UT: U.S. Department of Agriculture, Forest Service,
Intermountain Forest and Range Experiment Station;
1984, 126 p.

This manual documents the fuel modeling procedures of
BEHAVE--a state-of-the-art wildland fire behavior pre-
diction system. Described are procedures for collecting
fuel data, using the data with the program, and testing
and adjusting the fuel model.
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