





PREFACE

When Hal Anderson and | came to the Northern Forest
Fire Laboratory in 1961, it was not yet a year old and
there was a feeling that surely this lab was going to con-
tribute. Just what would be accomplished was not en-
tirely clear, but things were going to happen. There was
also a sense of being overwhelmed, not only by all the
unknowns of wildfire behavior, but also by how to use
this brand new facility. There were at least two schools
of thought in regard to the wind tunnels: (1) bring in box-
car loads of fuel from all over the country for burning in
the wind tunnels, and (2) weld the doors shut until a
logical plan for use of the facilities was developed.

We did not weld the doors and we did not ship in fuel
by the box-car load, but we did work hard at understand-
ing fire spread and adapting concepts of modeling and
systems to the problems of forest fire prediction. During
the first 10 years a fire behavior model was produced. It
took 10 more years to learn how to obtain the inputs and
interpret the outputs for use by the “man on the
ground,” which culminated in the writing of this manual.
Specialized versions of the prediction methods have
been available for some time in automated forms, such
as the National Fire Danger Rating System and the slash
hazard appraisal system.

No manual of this size, covering the diverse material
needed to analyze fire conditions, can be a solo produc-
tion. It could not have been done without the man who
crusaded for the laboratory facilities and who was the
first lab chief, Jack Barrows. His paper (Barrows 1951)
showed us “industry types” how fire could be examined,
but more importantly his continual optimism and confi-

-dence gave us the inspiration so necessary for a project
that was to take 20 years to pull together.

Many outstanding people have worked on this prob-
lem, as shown by the publications cited. | must single
out a few for special acknowledgment, mostly members
of Research Work Unit 2103 at one time or another.

No one could ask for a steadier and more reliable part-
ner in a 20-year endeavor than Hal Anderson, who started
work at the lab with me in 1961. He and Jim Brown, who
came a couple of years later, are recognized leaders in
fuel research. Bill Frandsen joined the project in 1967
and the scientific staff at that time consisted of just Bill
and me. Bill established the basis for the fire spread
model with his analysis of the conservation of energy on
a spreading fire. Charlie Philpot came to the lab while he
was earning his Ph.D. under Dr. Shafizadeh at the Univer-
sity of Montana and gave great assistance in the area of
fuel chemistry. We were exceedingly fortunate to have
excellent technicians during this time, including Merlin
Brown, who ran the wind tunnels, Bob Schuette, who
constructed innumerable fuel beds, Walt Wallace, who
handled the chemical analysis, and Bobbie Hartford, an
invaluable assistant in the field and in the lab.

In the late 60’s the idea of fire management generated
a whole new list of problems for research that were
spelled out in a paper by Chandler and Roberts (1973).
Fortunately, about this time we hired Frank Albini, an

outstanding analyst who straightened out our modeling
and let the genie out of the bottle with publication of his
book of nomographs in 1976. That same year the first
fire behavior officers’ (FBO’s) course was organized at
Marana, Ariz. Ernie Anderson, director of the training
center at Marana, insisted that we put together a fire
prediction system that a man could use on the line or in
a plans tent and teach it in 2 weeks. | am not sure how

to describe the early sessions, but students who have
taken the course hail each other as graduates or sur-
vivors of the class of '76 or '77, etc. The course was suc-
cessful; however, some of the early material was so
weak that the students should have chased all of us in-
structors off the base. Instead, their support encouraged
us to improve the course and eventually to write this
manual. Students who successfully complete the course
can now receive 2 hours of credit at the University of
Arizona.

Ernie Anderson also predicted that we would have
computers on the fireline. Three years later a project in-
itiated by John Deeming, Jack Cohen, and Bob Burgan,
and finished by Bob Burgan, resulted in just that—a
microchip for the TI-59 calculator. During the transition
from nomograms to calculator, Pat Andrews from our
project has superseded me as an instructor at Marana;
her interest in applying research results has resulted in
outstanding contributions to fire management.

Instructors from many places have participated since
the first class. Steve Sackett took on the difficult task of
bringing realism to fuel moisture assessment and the
tough job of providing fuel beds for burning each year.
The meteorologists, Clyde O’Dell, Frank Gift, and Dave
Goens, have made that difficult subject understandable.

The instruction for FBO’s at Marana has now been
largely taken over by experienced field personnel who
were former students. Some have made outstanding con-
tributions to fire technology; these include Dave Aldrich,
Rod Norum, Jim EIms, and Johr. Chapman from the
class of '76; George Rinehart, John Shepherd, Gordie
Schmidt, and Bill Williams, class of ‘77; Larry Keown,
Ed Mathews, Ron Prichard, Jan Van Wagtendonk, and Mike
Templeton, class of ‘78; and Randy Doman and Steve
Holscher from the class of ‘79.

Of course the hardest workers on this text, with its
endless tables, figures, exhibits, exercises, and examples,
as well as revisions, have been Lucille Davis and Gladys
Look, our clerks, and Carolyn Chase, a mathematician
who has organized all of the material for publication.

This is not a complete list of contributors; others are
mentioned in the text, and considerable support came
from the directors at Marana, Ernie Anderson, Jerry
Mauk, and Dick Henry, and course leaders Joe Duft,
Larry Mahaffey, Bonnie Turner, Hank LaSala, and Don
Willis. The staff of the Intermountain Research Station
must be recognized for its accomplishments in tech-
nology transfer and for allowing so much time and effort
to be devoted to an area normally shunned by research. |
appreciate their support.

To everyone | express a heartfelt thank you.
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INTRODUCTION

Can wildland fire behavior really be predicted? That depends
on how accurate you expect the answer to be. The minute-by-
minute movement of a fire will probably never be predictable—
certainly not from weather conditions forecasted many hours
before the fire. Nevertheless, practice and experienced judg-
ment in assessing the fire environment, coupled with a system-
atic method of calculating fire behavior, yields surprisingly
good results. This manual documents the procedures for esti-
mating the rate of forward spread, intensity, flame length, and
size of fires burning in forests and rangelands. The procedures
are complete and can be applied by individuals working in the
field. It does not address the problems of large fuel burnout or
duff consumption and duration of burning. The methods per-
tain to the fine fuels that carry the fire and produce the flames
at the fire front, Although there are several tables and con-
densed procedures that can be extracted for a field reference,
most of the procedures must be learned and practiced diligently
to produce proficiency and useful results.

The material is extensive for good reason. Fire behavior,
fuels, and meteorology are extremely complicated subjects that
can bear limited condensation before losing sensitivity. Conse-
quently, no apologies are given for the length. If you have not
seen these methods before, some perspective is needed to avoid
overenthusiasm or undue skepticism. It should be clear to any-
one who has observed wildland fires that there is considerable
variability in the fuels, the windspeed, and other influences that
rule out the ability to make absolute predictions. It should also
be clear that a few easily identified variables can cause drastic
differences in the way fires burn and spread. Fuel compactness
is a good example. Sparse dead grass and tightly packed pine
needles have completely different burning characteristics even
though individual pieces of each are physically similar. Simi-
larly, fuel moisture, wind, and slope can all produce dramatic
differences in spread rate and intensity. The effect of changes
in these major variables upon fire behavior is accounted for by
the fire model within the system. The difficulty in use arises in
the estimation of the most appropriate inputs for situations that
appear very diverse. Prediction accuracy is dependent upon the
skill and knowledge of the user and the degree of uniformity or
lack of uniformity of the fuels and environmental conditions.

This manual is no substitute for experience, but rather by
coupling experience with a systematic prediction method, the
professionalism needed for implementing new concepts in fire
management is emerging. Large fires where fire behavior can be
carefully studied are considerably fewer than earlier in this cen-
tury. Ironically, this comes at a time when fire management
policy brings greater demands for quantita}ive assessment of
fires. This manual is intended to help fill this need.

The manual is a compilation of material developed for the
National Wildfire Coordinating Group’s S-590 Fire Behavior
Officer Course' and from a 3-day course in predicting fire
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behavior using the T1-59 calculator equipped with a prepro-
gramed chip. New research material has been added in an
evolutionary process since the methods were first developed and
tried in the field in 1976.

Until now, access to these methods was available only
through the 2-week S-590 course. This manual cannot replace
that training, but can serve as a text providing the material to
those who cannot attend the course, and as a reference for
those who do. It may also be used to supplement the material
in the revised S-390 fire behavior course.?

As the citations will show, many persons have been involved
in the development of the material. Much of the material has
not previously been published, however, making it difficult to
cite. It is important to document the work and give proper
credit before the origin is lost.

The material has been tried and refined considerably since
first taught in the FBO class in 1976. In fact, the material has
been greatly strengthened by former students who have helped
refine the techniques and test them operationally.

I have eliminated extraneous material that is useful only to
fire behavior officers, such as the instructions for preparing
briefings and forecasts. However, examples of how the predic-
tion methods are integrated into the fire planning strategy and
material that a fire behavior officer might prepare for them are
given in appendix G. I have not attempted to condense it for
quick reference in the field, but rather depend on the user to
apply only those sections needed for a particular situation. The
style is narrative and cites examples, rather than a step-by-step
procedure. The manual must be thoroughly learned so that the
appropriate section can be recalled immediately when needed.
Approximately 200 fire behavior officers have been trained and
tested in these procedures. Responses regarding its usefulness
have been very encouraging. As you become proficient in the
use of the material, I believe you will achieve a new level of
professionalism in fire management.

The literature citations provide a good record of the
background material used to develop this manual. There are a
few publications that should be cited as being especially helpful
for application of this material:

Weather—Schroeder and Buck (1970)

Fuels—Anderson (1982)

Calculations—Albini (1976) and Burgan (1979)

Spot fire distance—Chase (1981)

Interpretation—Andrews and Rothermel (1982)

Verification—Rothermel and Rinehart (1983)

"This 2-week course is taught at the National Advanced Resource
Technology Center at Marana Air Park, Ariz,

*National Wildfire Coordinating Group’s S-390 Fire Behavior
Course. Produced by Boise Interagency Fire Center, Joe Duft and
Jerry Williams, co-chairmen of course development.



CHAPTER1

PREDICTING FIRE BEHAVIOR

The procedures for predicting fire behavior include three
primary sections:

1. A means of evaluating the inputs describing the fuels, fuel
moisture, windspeed, and slope.

2. A means of calculating the two basic fire descriptors—rate
of spread and intensity.

3. Methods for interpreting the rate of spread and intensity
to get spread distance, perimeter, area, flame length, and to
identify conditions that lead to spotting and crowning. An im-
portant feature is the display of probable fire growth by time
period on maps.

A diagram of how information flows through the systems is
shown in figure I-1.

The primary method of interpreting the inputs is a fire model
(Rothermel 1972) that has been adapted for calculation on
graphs or nomograms (Albini 1976), or with a handheld TI-59
calculator and a preprogramed microchip developed by Burgan
(1979).!

'These same procedures will work with a computer program under
development tentatively named BEHAVE, as well as the tabular
method of calculation being developed for the revised S-390 fire
behavior course and the revised fireline handbook.
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Judgment

Temp. 1
R.H.

Time

Month DEAD FUEL
Shading MOISTURE
Aspect
Slope

Fire spread may be thought of as a series of ignitions
wherein heat from the fire raises successive strips of fuel to the
ignition temperature. This principle has been explained by sev-
eral authors; Thomas (1963), Anderson (1969), and Frandsen
(1971).

The fire model evaluates the energy generated by the fire, the
heat transfer from the fire to the fuel ahead of it, and the
energy absorbed by that fuel. Because fine fuels carry the fire,
the model is weighted toward such fuels—primarily material
less than one-fourth inch in diameter. Both live and dead fuels
are considered. Fuel moisture affects both the energy generated
and the energy absorbed. Effects of wind and slope on heat
transfer are included. Fuel particle size and fuel load and com-
pactness or bulk density have a strong influence on fire
behavior. The heat content, mineral content, and fuel particle
density are treated as constants in this manual although they
are variable within the model. Andrews (1980) offers a compila-
tion of some of the validation studies on the fire model.

Results of these studies are shown in figure I-2. Methods for
verifying the procedures given in this manual in various fuel
and environmental situations are offered by Rothermel and
Rinehart (1983).
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Figure |-1.—Fire behavior prediction system information flow.
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Figure |1-2.—Field verification of the linear
trend between predicted and observed spread
rates for a wide range of fuels. The logarithmic
scales dampen scatter at high spread rate
while increasing it at low values. Data obtained
from these sources: conifer logging slash (solid
triangles), Bevins (1976); conifer logging slash
(open triangles), Brown (1972); grass, Sneeuw-
jagt and Frandsen (1966); southern rough,
Hough and Albini (1978); lodgepole pine litter,
Lawson (1972).

Limitations

The fire model is primarily intended to describe a flame front
advancing steadily in surface fuels within 6 feet of, and con-
tiguous to, the ground. Typical of such fuels are dead grasses,
needle litter, leaf litter, shrubs, dead and down limbwood, and
logging slash. These are the fuels in which fires start and make
their initial runs and in which direct attack is usually made.

The methods and model in this manual do not apply to
smoldering combustion such as occurs in tightly packed litter,
duff, or rotten wood.

Severe fire behavior such as crowning, spotting, and fire
whirls is not predicted by the fire model. The onset of severe
fire behavior, however, can often be predicted from surface fire
intensity as will be explained.

Short-range firebrands may be blown ahead of the fire where
they ignite fuels and increase the rate of fire spread. This
mechanism is not accounted for, but the deficiency does not
appear to affect the prediction of fire behavior. Short-range
firebrands must ignite the fuel and start a new fire front before
the fire overruns that position or the spotting will not be
significant in increasing spread rate. In many cases the main
fire does overrun the potential spot fires. Further, the model
assumes fuels are uniform and continuous. Short-range spotting
can actually compensate for the discontinuous nature of some
fuels, giving extended usefulness of the model.

Although the original model was developed for uniform con-
tinuous fuels, subsequent research on nonuniform fuels (Frand-

sen and Andrews 1979) and the introduction of the two-fuel-
model concept (Rothermel 1978)? permit some nonuniformity
to be considered.

The methods in this manual describe the behavior at the
head of the fire where the fine fuels are assumed to carry the
fire. Backing fires can also be described in some cases. The
bumnout of fuels, usually large fuels and tightly packed litter,
behind the fire front is not described.

Only the foliage and fine stems of living plants are consid-
ered fuels. When moisture content is high, such plants can
dampen fire spread. When moisture content drops below a
critical level, however, living plants can increase the rate of fire
spread. This is accounted for by the fire model.

It is assumed that the fire has spread far enough so that it is
no longer affected by the source of ignition. The system is
therefore of limited usefulness in predicting behavior of
prescribed fires, where the pattern of ignition is often used to
control fire behavior. Nevertheless, the model is often used to
plan prescribed fires by assessing the fire potential both inside
and outside of the proposed burn area.

Applications

This material was drawn from a course for training fire
behavior officers; therefore predictions are expressed in ‘‘real
time.”’ Predictions are keyed to a specific site, using observed
weather or weather forecasts and observed fuels and topog-
raphy. The material is not limited to this application, and has
been adapted for other purposes, as explained in the following
section.

PREDICTING FIRE BEHAVIOR

Assessing behavior of a running fire or planning strategy on
a fire that has escaped initial attack is the primary use. Pro-
cedures are described in the section titled ‘“The Fire Prediction
Process.”” An example is given in appendix G.

DISPATCHING

When the decision has been made to suppress a newly
discovered fire, the initial attack forces do not spend much
time predicting fire behavior upon reaching the fire because of
the urgency to direct all of their attention to suppression. Ac-
tually, it would be more useful to predict fire behavior at the
dispatching office before initial attack forces are sent. Such
decisions would require data on fuels, topography, and weather
comparable to those needed for on-site predictions. Methods
similar to those in this manual are being streamlined for such a
purpose.

PLANNING

The fire prediction methods described are being used for fire
management planning in many parts of the world. Although
cumbersome for long-range planning, they can be effectively
used for short-range and operational planning.

A concept for appraising fire in nonuniform fuels. Presented at
1978 meeting on fuel and smoke management, Mt. Hood National
Forest.



PRESCRIBED BURNING

Fire prediction methods can be useful when planning
prescribed fires, including their containment or control, and for
assessing fuel and weather conditions as burn time approaches.
The methods can be used to estimate the behavior of fire that
escapes the lines. Care must be used in estimating fire behavior
within the burn area. The system was designed to describe the
behavior of a line of fire free of influences from the drafts of
other fires. Many prescribed fires are ignited in patterns in-
tended to influence behavior: ring firing, center firing, mass fir-
ing, or strip head fires. Fires conducted for vegetation manipu-
lation or site treatment may require burning prescriptions based
on factors other than the system can provide. Experience and
calibration in the fuel type can overcome some obstacles. The
verification and calibration procedures given by Rothermel and
Rinehart (1983) may be helpful.

MONITORING FIRES

The system is especially well suited for monitoring and
predicting the behavior of fires resulting from unplanned igni-
tions that meet an approved prescription and, therefore, do not
require immediate suppression action. Experience on the Inde-
pendence Fire in Idaho in 1979 demonstrated the usefulness of
anticipating the movement of a large fire burning under pre-
scription conditions for several weeks in rugged mountain
country.® The Forest Service categorizes these fires in planned
areas as a prescribed fire from an unplanned ignition. Most
agencies permit such fires to burn provided all fire behavior
variables remain within the prescription developed in an ap-
proved plan. Prescribed fires in this category come closest to
matching a wildfire situation. Control activities, if any, are
usually confined to protecting boundaries or improvements.
Additional ignitions are usually not made. Because these fires
can exist through several burning periods, they offer excellent
opportunities for both predicting fire behavior and verifying the
prediction methods.

The Fire Prediction Process

When a fire escapes initial attack, the reinforcement forces
include an overhead suppression team who will carefully assess
the overall fire situation. The purpose of the prediction process,
therefore, is to enable this team to estimate what a fire will do
under the expected weather and existing topographic condi-
tions. These procedures actually form a short-term planning
system that uses observations of fire behavior, fuels, topog-
raphy, and weather forecasts to give advanced notice of the
kind of fire that can be expected. Typical steps taken in this
process would be as follows:

ASSESS THE PAST AND PRESENT FIRE
SITUATIONS

What has the fire done before you were able to observe it
and what is it doing now? In both cases, try to determine what
type of fuels the fire has been burning in, and what fuel stra-
tum has been carrying the fire. What has the weather been?

1Keown, Larry D. Fire management in the Selway-Bitterroot
Wilderness, Nezperce National Forest, a report of the 1979 fire season
and Independence Fire. Missoula, MT: U.S. Department of Agricul-
ture, Forest Service, Northern Region; May 1980.

How has the fire responded to the weather in terms of inten-
sity, rate of spread, and direction? What time of day has the
fire been making runs? Has there been crowning and spotting?

DETERMINE CRITICAL AREAS

Critical areas can comprise threatened resources, cultural or
natural, or fuels that can burn with high intensity or fast
spread rates. Obtain and study carefully the escaped fire situa-
tion analysis (EFSA)—in some cases you may be asked to help
prepare an EFSA. The EFSA will identify critical areas and
thereby help identify where fire prediction estimates are needed.

WHAT INFORMATION IS NEEDED AND WHEN

Fire behavior is often predicted in response to a request from
a fire officer responsible for suppression strategy or tactical
plans. The prediction must be timely and presented in a form
that is readily understood. Timeliness is extremely important.
When an immediate estimate is requested, an elaborate answer
is not expected. Estimates can be made in an amazingly short
time when the procedures are understood well enough to recog-
nize the simplifying assumptions that can be made while still re-
taining the significant factors. When more time is available,
more elaborate predictions can be made, using maps and charts
for interpretation. Remember, there is nothing as useless in the
plans tent as a late fire behavior forecast.

ESTIMATE INPUTS

The greatest challenge to your professional skills on a fire
will be appraising the fuels, weather, and topography. The pro-
cedures presented herein are designed to show you how to use
weather information that is either received from the weather
service or measured on site. The procedures are not designed to
forecast weather. Where will you get your weather informa-
tion? Is there a mobile weather unit on-site or ordered? Are
your weather interpreting skills as sharp as they should be?
Have you been following the danger rating indexes for this
area? What degree of curing have the fuels experienced? Did
you get a weather forecast before coming to the fire, and is
there a weather change predicted? There are a number of prob-
lems to consider, and if you are not experienced in the type of
fire situation in which you find yourself, try to find an experi-
enced local person who has time to brief you on the general
behavior of fires in the area, including spotting and crowning
potential, fuel types and fuel maps, topography, and predict-
able diurnal weather conditions. The input sections elaborate
on specific data needed.

CALCULATE FIRE BEHAVIOR

Either the nomograms, the TI-59 with a fire behavior
CROM,* or the tables in the revised S-390 fire behavior course
can be used to calculate rate of spread, flame length, and fire-
line intensity.

*Custom Read Only Memory chip designed for predicting fire
behavior that can be placed in a TI-59 calculator. Two thousand
CROM'’s were built and distributed to fire suppression forces
throughout the United States.



INTERPRET THE OUTPUTS

For new fire starts or spot fires, fire growth as an elliptical
pattern on the ground can be estimated in terms of perimeter
and area by time periods. If on a slope, the procedures used
for predicting area and perimeter assume the wind is blowing
directly upslope. The length-to-width ratio of the ellipse is
governed by the windspeed and steepness of the slope.

The growth of fire from a line of fire is estimated from a
series of projection points selected at strategic points along the
fireline. Methods are shown for dealing with any combination
of wind and slope, including fire burning upslope or backing
downslope and with wind blowing either up, down, or cross-
slope. The fire growth for a specified time period is then pro-
jected on a map.

Fireline intensity or flame length is used to interpret the
possibility of torching, spotting, or crown fires. This, of
course, must be supplemented with information about the over-
all fuels or timber stand condition.

FURTHER FIRE ASSESSMENT

Expected growth is extremely important in the early stages of
a fire or if a weather change is forecast before fire lines are
secure. As control of the fire is gradually gained, the question
of the general movement of the fire is replaced with a concern
for unexpected events such as spotting across control lines, fire
whirls, or flareup of hot spots that may cause torching or a run
through the tree crowns or unburned islands. Weather changes
are often the key to this behavior. Attention is also directed to
burnout and backfiring and for securing firelines. You can ex-
pect to be asked for assistance in these operations. Therefore,
in the latter stages of a fire, direct your attention to the
weather forecasts and the probability of these events, rather
than the routine prediction of fire growth.



CHAPTER II

OBTAINING INPUTS

Many factors influence fire behavior in wildland fuels. The
primary factors are fuels, weather, and topography. The in-
fluence of weather on fire behavior is expressed through fuel
moisture and wind. Thus the four primary inputs to the fire
model are fuels, fuel moisture, wind, and slope. Second-order
variables such as temperature, humidity, shading, and shelter-
ing operate through one of the four primary groups. These are
discussed in separate sections.

To predict fire behavior by means of the fire model, descrip-
tors of all the influencing factors must be expressed in
numerical form. These inputs determine the final outputs. To
avoid confusion and to maintain a record, a fire behavior
worksheet is provided for recording the inputs and for calcu-
lating the results, or outputs. The worksheet, exhibit II-1, is
usable with nomograms or the TI-59 calculator. Data for each
calculation are recorded in one column. As the inputs are
developed, they are recorded on the appropriate line described
in the text. The back of the fire behavior worksheet provides a
form to aid in estimating dead fuel moisture. Chapter I is
devoted to describing how to assess the input values needed on
the worksheet. Details on the use of the fire behavior work-
sheet are provided in chapter II1.




Exhibit Il-1.—Fire behavior worksheet.

Sheet of
NAME OF FIRE FIRE BEHAVIOR OFFICER
DATE TIME
PROJ. PERIOD DATE PROJ. TIME FROM to
' TI-59

INPUT DATA Reg. No.
1 Projection point -

2  Fuel model proportion, %

3  Fuel model

4 Shade value (0-10%=0; 10-50%=1 SHADE 60

50-90%=2; 90-100%=3)

5 Dry bulb temperature, °F DB 61
6 Relative humidity, % RH 62
7 1 HTL FM, % 1H 28
8 10 HTL FM, 7 10H 63
9 100 H TL FM, % 100H 30
10 Live fuel moisture, 7 LIVE 33
11 20-foot windspeed, mi/h ( ) ( ) ( ) ( )

12 Wind adjustment factor ( ) ( ) ( ) ( )

13 Midflame windspeed, mi/h M WS 79
14 Maximum slope, % PCT S 80
15 Projection time, h PT 81
16 Map scale, in/mi MS 82
17 Map conversion factor, in/ch

18 Effective windspeed, mi/h
OUTPUT DATA

19 Rate of spread, ch/h [ A] ROS ' 88
20 Heat per unit area, Btu/ft? [R/S] H/A 90
21 Fireline intensity, Btu/ft/s [ B] INT 53
22 Flame length, ft [R/S] FL 54
23 Spread distance, ch [ ¢ 1] SD 42
24 Map distance, in [R/S] MD 43
25 Perimeter, ch [ D] PER 40
26 Area, acres [R/S] AREA 89
27 1Ignition component, 7% [ E] IC 44
28 Reaction intensity, Btu/ft2/min [R/S] IR 52




|

Exhibit ll-1.— (con.) Fine dead fuel moisture calculations.

a. Projection point
b. Day or night (D/N)

DAY TIME CALCULATIONS

c. Dry bulb temperature, °F
d. Relative humidity, %

e. Reference fuel moisture, %
(from table A)

£." Month
g. Exposed or shaded (E/S)
h. Time

i. Elevation change

B = 1000'-2000' below site
L = +1000' of site location
A = 1000'-2000' above site
j. Aspect
k. Slope

1. Fuel moisture correction, %
(from table B, C, or D)
m, Fine dead fuel moisture, %
(line e + line 1)
(to line 7, other side)

NIGHT TIME CALCULATIONS

n. Dry bulb temperature, °F
o. Relative humidity, %

p. Reference fuel moisture, %
(from table E)

Use table F only if a strong inversion
exists and a correction must be made
for elevation or aspect change.

q. Aspect of projection point

r. Aspect of site location

s. Time

t. Elevation change

B = 1000'-2000"' below site
L = #1000' of site location
A = 1000'-2000' above site

u. Correction for projection
point location(from table F)

v, Correction for site location
(L (from table F)

w. Fuel moisture correction, %
(line u - line v)

x. Fine dead fuel moisture, %
(line p + line w)
(to line 7, other side)

D/N D/N D/N D/N
E/S E/S E/S E/S
B/L/A B/L/A B/L/A B/L/A
B/L/A B/L/A B/L/A B/L/A

|




Fuels

HOW FUELS ARE DESCRIBED

This section presents methods for characterizing fuels for in-
wt to the fire model. The fire model requires specific fuel

~__ Information described in numerical terms. These include:

o Fuel loading - the mass of fuel per unit area, live and
dead, grouped by particle size classes.
¢ Surface area to volume ratio of each size group.
¢ Fuel depth - ft
o Fuel particle density - Ib/ft*
¢ Heat content of fuel - Btu/lb
¢ Moisture of extinction - the upper limit of fuel moisture
content beyond which the fire will no longer spread with
a uniform front.'
Measuring these fuel properties is too slow for wildfire predic-
tions. An alternative method that utilizes predescribed fuel
arrangements called fuel models is provided. Fuel models have
been developed that represent most surface fuels you are likely
to encounter. Each fuel model contains all of the numerical
values (listed above) needed by the fire spread model. The task
then is to choose the most appropriate fuel model (or in the
case of some nonuniform fuels, two fuel models), representing
the area where fire spread is to be predicted.

'"Moisture of extinction is dependent upon compactness of the fuel,
its depth, particle size, windspeed, and slope. When conditions are
favorable for burning, its effect on fire spread and intensity is low, but
when conditions for burning are poor, it can cause significant changes
in predicted behavior.

SELECTING FUEL MODELS

The fuel models for calculating fire behavior are those used
by Albini (1976) to develop the nomograms published in his
paper, ‘‘Estimating Wildfire Behavior Effects.’” There are 13
models, including 11 developed by Anderson and Brown and
published by Rothermel (1972), a model for dead brush devel-
oped at the suggestion of Von Johnson,? and a model for
southern rough developed by Albini. These are called the
““NFFL fuel models’’; or *‘fire behavior models.’’ The models
are described in table II-1. They are tuned to the fine fuels that
carry the fire and thus describe the conditions at the head of
the fire. They were developed for the time of year when fires
burn well. There is no provision for changing the proportions
of living and dead fuel.

Anderson (1982) describes and provides typical photographs
of each of the 13 fuel models. The written descriptions are
reproduced here in the section, ‘‘Fuel Model Descriptions.”’
Anderson also provides a similarity chart for cross referencing
the 13 NFFL fuel models to the 20 fuel models used in the Na-
tional Fire Danger Rating System.

A key is provided to help select the model. It leads to a sug-
gested model, which may be confirmed with Anderson’s de-
scription. If the fuels are not uniform enough to describe with
a single model, the two-fuel-model concept may be appropriate.

*Fire research scientist, then at East Lansing, Mich., who recognized
the need for fuel model 6 for much of the area for which he was
responsible.

cable I1-1.—Description of NFFL fuel models used in fire behavior*

Typical Fuel loading Fuel Moisture of
Fuel fuel bed extinction
model complex 1h 10h 100 h Live depth dead fuels
Grass and tons/acre ----—=--~-m——mee—- Feet Percent
Grass-Dominated
1 Short grass (1 ft) 0.74 - - -- 1.0 12
Timber (grass and
understory) 2.0 1.0 0.50 0.50 1.0 15
3 Tall grass (2.5 ft) 3.0 -- - - 25 25
Chaparral and Shrub
Fields
4 Chaparral (6 ft) 5.0 40 20 50 6.0 20
5 Brush (2 ft) 1.0 50 - 20 20 20
6 Dormant brush,
hardwood slash 15 25 20 - 25 25
7 Southern rough 1.1 19 15 37 25 40
Timber Litter
8 Closed timber litter 1.5 1.0 25 - 2 30
9 Hardwood litter 29 .41 15 - 2 25
10 Timber (litter
and understory) 3.0 2.0 5.0 2.0 1.0 25
Slash
- 11 Light logging slash 15 45 5.5 - 1.0 15
12 Medium logging slash 4.0 140 16.5 - 23 20
N 13 Heavy logging slash 7.0 23.0 28.0 -- 3.0 25

'Documented by Albini (1976) and Rothermel (1972).



The availability of only 13 fuel models to describe all the
fuels in the United States may seem very limiting. The two-fuel-
model concept, however, expands this number considerably.
The two-fuel-model concept depends upon the proportional
coverage of an area by two fuels. (The method is fully de-
scribed in this section.)

Fire behavior estimates will be simpler if a single fuel model
can be found to describe the fuels. In fact, as experience is
gained from observing fires and estimating behavior, it is possi-
ble to select a fuel model, not only from a description of the
physical properties of the vegetation, but also by the fire
behavior characteristics it is known to produce. Experienced
fire behavior officers, working in one or two fuel types, have
learned to calibrate or tune the answers to more closely match
fire behavior (Norum 1982). Methods for calibrating a fuel to
match the behavior in a specific fuel type are provided by
Rothermel and Rinehart (1983).

Considerations in Selecting a Fuel Model

1. Determine the general vegetation type, i.e., grass, brush,
timber litter, or slash.
2. Estimate which stratum of surface fuel is most likely to
carry the spreading fire. For instance, the fire may be in a
timbered area, but the timber is relatively open and dead grass,
not needle litter, is the stratum carrying the fire. In this case,
fuel model 2, which is not listed as a timber model, should be
considered. In the same area if the grass is sparse and there is
no wind or slope, the needle litter would be the stratum carry-
ing the fire and fuel model 9 would be a better choice.
3. Note the general depth and compactness of the fuel. This in-
formation will be needed when using the fuel model key. These
are very important considerations when matching fuels, partic-
-ularly in the grass and timber types.
4. Determine which fuel classes are present and estimate their
influence on fire behavior. For instance, green fuel may be
present, but will it play a significant role in fire behavior?
Large fuels may be present, but are they sound or decaying and
breaking up? Do they have limbs and twigs attached or are
they bare cylinders? You must look for the fine fuels and
choose a model that represents their depth, compactness, and
to some extent, the amount of live fuel and its contribution to
fire. Do not be restricted by what the model name is or what
its original application was intended to be.
5. Using these observations, proceed through the fuel model
key and the descriptions provided by Anderson (1982) to select
a fuel model.
6. Record the selected fuel model on line 3 of the fire behavior
worksheet.

NFFL Fuel Model Key*

I. PRIMARY CARRIER OF THE FIRE IS GRASS.
Expected rate of spread is moderate-to-high, with low-
to-moderate fireline intensity (flame length).

A. Grass is fine structured, generally below knee level,
and cured or primarily dead. Grass is essentially
continuous.

SEE THE DESCRIPTION OF MODEL 1.

3Gordie Schmidt (of R-6 and the PNW Station) has been especially
helpful in reviewing and suggesting changes in the fuel model key.
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III.

B. Grass is coarse structured, above knee level
(averaging about 3 ft) and is difficult to walk
through.

SEE THE DESCRIPTION OF MODEL 3.

C. Grass is usually under an open timber, or brush,
overstory. Litter from the overstory is involved,
but grass carries the fire. Expected spread rate is
slower than fuel model 1 and intensity is less than
fuel model 3.

SEE THE DESCRIPTION OF MODEL 2.

PRIMARY CARRIER OF THE FIRE IS BRUSH
OR LITTER BENEATH BRUSH. Expected rates of
spread and fireline intensities (flame length) are
moderate-to-high.
A. Vegetative type is southern rough or low pocosin.
Brush is generally 2 to 4 ft high.
SEE THE DESCRIPTION OF MODEL 7.
B. Live fuels are absent or sparse. Brush averages 2 to
4 ft in height. Brush requires moderate winds to
carry fire.
SEE THE DESCRIPTION OF MODEL 6.
C. Live fuel moisture can have a significant effect on
fire behavior.
1. Brush is about 2 ft high, with light loading of
brush litter underneath. Litter may carry the
fire, especially at low windspeeds.
SEE THE DESCRIPTION OF MODEL 5.
2. Brush is head-high (6 ft), with heavy loadings
of dead (woody) fuel. Very intense fire with
high spread rates expected. :
SEE THE DESCRIPTION OF MODEL 4.
3. Vegetative type is high pocosin.
SEE THE DESCRIPTION OF MODEL 4.
PRIMARY CARRIER OF THE FIRE IS LITTER
BENEATH A TIMBER STAND. Spread rates are
low-to-moderate; fireline intensity (flame length) may
be low-to-high.
A. Surface fuels are mostly foliage litter. Large fuels
are scattered and lie on the foliage litter; that is,
large fuels are not supported above the litter by
their branches. Green fuels are scattered enough to
be insignificant to fire behavior.
1. Dead foliage is tightly compacted, short needle
(2 inches or less) conifer litter or hardwood
litter.
SEE THE DESCRIPTION OF MODEL 8.
2. Dead foliage litter is loosely compacted long
needle pine or hardwoods.
SEE THE DESCRIPTION OF MODEL 9.
B. There is a significant amount of larger fuel. Larger
fuel has attached branches and twigs, or has rotted
enough that it is splintered and broken. The larger
fuels are fairly well distributed over the area. Some
green fuel may be present. The overall depth of the
fuel is probably below the knees, but some fuel
may be higher.
SEE THE DESCRIPTION OF MODEL 10.
C. Fuels are nonuniform, the area is mostly covered
with litter interspersed with accumulations of dead
and downed material (jackpots).
SEE THE TWO-FUEL-MODEL CONCEPT.



IV. PRIMARY CARRIER OF THE FIRE IS LOGGING
SLASH. Spread rates are low-to-high, fireline inten-
sities (flame lengths) are low-to-very high.

A. Slash is aged and overgrown.

1. Slash is from hardwood trees. Leaves have
fallen and cured. Considerable vegetation (tall
weeds) has grown in amid the slash and has
cured or dried out.

SEE THE DESCRIPTION OF MODEL 6.

2. Slash is from conifers. Needles have fallen and
considerable vegetation (tall weeds and some
shrubs) has overgrown the slash.

SEE THE DESCRIPTION OF MODEL 10.

B. Slash is fresh (0-3 years or so) and not overly
compacted.

1. Slash is not continuous. Needle litter or small
amounts of grass or shrubs must be present to
help carry the fire, but primary carrier is still
slash. Live fuels are absent or do not play a
significant role in fire behavior. The slash depth
is about 1 ft.

SEE THE DESCRIPTION OF MODEL 11.

2. Slash generally covers the ground (heavier
loadings than Model 11), though there may be
some bare spots or areas of light coverage.
Average slash depth is about 2 ft. Slash is not
excessively compacted. Approximately one-half
of the needles may still be on the branches but
are not red. Live fuels are absent, or are not ex-
pected to affect fire behavior.

SEE THE DESCRIPTION OF MODEL 12.

3. Slash is continuous or nearly so (heavier
loadings than Model 12). Slash is not exces-
sively compacted and has an average depth of
3 ft. Approximately one-half of the needles are
still on the branches and are red, OR all the
needles are on the branches but they are green.
Live fuels are not expected to influence fire
behavior.

SEE THE DESCRIPTION OF MODEL 13.

4. Same as 3, EXCEPT all the needles are at-
tached and are red.

SEE THE DESCRIPTION OF MODEL 4.

NFFL Fuel Model Descriptions

These descriptions are taken from Anderson’s book (1982)
and should be used in conjunction with the fuel model key.

Grass Group

Fire behavior fuel model 1.—Fire spread is governed by the
fine herbaceous fuels that have cured or are nearly cured. Fires
move rapidly through cured grass and associated material. Very
little shrub or timber is present, generally less than one-third of
the area.

Grasslands and savanna are represented along with stubble,
grass tundra, and grass-shrub combinations that meet the above
area constraint. Annual and perennial grasses are included in
this fuel model.

Fire behavior fuel model 2.—Fire spread is primarily through
the fine herbaceous fuels, either curing or dead. These are sur-
face fires where the herbaceous material, besides litter and
dead-down stemwood from the open shrub or timber overstory,
contribute to the fire intensity. Open shrub lands and pine
stands or scrub oak stands that cover one-third or two-thirds of
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the area may generally fit this model, but may include clumps
of fuels that generate higher intensities and may produce
firebrands. Some pinyon-juniper may be in this model.

Fire behavior fuel model 3.—Fires in this fuel are the most
intense of the grass group and display high rates of spread
under the influence of wind. The fire may be driven into the
upper heights of the grass stand by the wind and cross standing
water. Stands are tall, averaging about 3 ft, but may vary con-
siderably. Approximately.one-third or more of the stand is con-
sidered dead or cured and maintains the fire. Wild or cultivated
grains that have not been harvested can be considered similar
to tall prairie and marshland grasses.

Shrub Group

Fire behavior fuel model 4.—Fire intensity and fast-spreading
fires involve the foliage and live and dead fine woody material
in the crowns of a nearly continuous secondary overstory.
Stands of mature shrub, 6 or more feet tall, such as California
mixed chaparral, the high pocosins along the east coast, the
pine barren of New Jersey, or the closed jack pine stands of
the North Central States are typical candidates. Besides flam-
mable foliage, there is dead woody material in the stand that
significantly contributes to the fire intensity. Height of stands
qualifying for this model depends on local conditions. There
may be also a deep litter layer that confounds suppression
efforts.

Fire behavior fuel model 5.—Fire is generally carried in the
surface fuels that are made up of litter cast by the shrubs, and
the grasses or forbs in the understory. The fires are generally
not very intense because surface fuel loads are light, the shrubs
are young with little dead material, and the foliage contains
little volatile material. Shrubs are generally not tall, but have
nearly total coverage of the area. Young, green stands such as
laurel, vine maple, alder, or even chaparral, manzanita, or
chamise with no deadwood would qualify.

Fire behavior fuel model 6.—Fire carries through the shrub
layer where the foliage is more flammable than fuel model 5,
but requires moderate winds, greater than 8 mi/h at midflame
height. Fire will drop to the ground at low windspeeds or open-
ings in the stand. The shrubs are older, but not as tall as shrub
types of model 4, nor do they contain as much fuel as model 4.
A broad range of shrub conditions is covered by this model.
Fuel situations to consider include intermediate-aged stands of
chamise, chaparral, oak brush, and low pocosin. Even hard-
wood slash that has cured out can be considered. Pinyon-
juniper shrublands may be represented, but the rate of spread
may be overpredicted at windspeeds less than 20 mi/h.

Fire behavior fuel model 7.—Fires burn through the surface
and shrub strata with equal ease and can occur at higher dead
fuel moisture contents because of the flammable nature of live
foliage and other live material. Stands of shrubs are generally
between 2 and 6 ft high. Palmetto-gallberry understory within
pine overstory sites are typical and low pocosins may be
represented. Black spruce-shrub combinations in Alaska may
also be represented.

Timber Group

Fire behavior fuel model 8.—Slow-burning ground fires with
low flame heights are the rule, although the fire may encounter
an occasional ‘‘jackpot”’ or heavy fuel concentration that can
flare up. Only under severe weather conditions involving high
temperatures, low humidities, and high winds do the fuels pose

“Recent information indicates that laurel may be more flammable
than model § indicates.



fire hazards. Closed canopy stands of short-needle conifers or
hardwoods that have leafed out support fire in the compact
litter layer. This layer is mainly needles, leaves, and some twigs
since little undergrowth is present in the stand. Representative
conifer types are white pines, lodgepole pine, spruce, fir, and
larch.

Fire behavior fuel model 9.—Fires run through the surface
litter faster than model 8 and have higher flame height. Both
long-needle conifer and hardwood stands, especially the oak-
hickory types, are typical. Fall fires in hardwoods are represent-
ative, but high winds will actually cause higher rates of spread
than predicted. This is due to spotting caused by rolling and
blowing leaves. Closed stands of long-needled pine like ponder-
osa, Jeffrey, and red pines or southern pine plantations are
grouped in this model. Concentrations of dead-down woody
material will contribute to possible torching out of trees, spot-
ting, and crowning.

Fire behavior fuel model 10.—The fires burn in the surface
and ground fuels with greater fire intensity than the other
timber litter models. Dead down fuels include greater quantities
of 3-inch or larger limbwood resulting from overmaturity or
natural events that create a large load of dead material on the
forest floor. Crowning out, spotting, and torching of individual
trees is more frequent in this fuel situation, leading to potential
fire control difficulties. Any forest type may be considered if
heavy down material is present; for example, insect- or disease-
ridden stands, wind-thrown stands, overmature stands with
deadfall, and aged slash from light thinning or partial cutting.

Logging Slash Group

Fire behavior fuel model 11.—Fires are fairly active in the
slash and herbaceous material intermixed with the slash. The
spacing of the rather light fuel load, shading from overstory, or
the aging of the fine fuels can contribute to limiting the fire
potential. Light partial cuts or thinning operations in mixed
conifer stands, hardwood stands, and southemn pine harvests
are considered. Clearcut operations generally produce more
slash than represented here. The less-than-3-inch material load
is less than 12 tons per acre. The greater-than-3-inch material is
represented by not more than 10 pieces, 4 inches in diameter,
along a 50-ft transect.

Fire behavior fuel model 12.—Rapidly spreading fires with
high intensities capable of generating firebrands can occur.
When fire starts, it is generally sustained until a fuel break or
change in fuels is encountered. The visual impression is domi-
nated by slash, much of it less than 3 inches in diameter. These
fuels total less than 35 tons per acre and seem well distributed.
Heavily thinned conifer stands, clearcuts, and medium or heavy
partial cuts are represented. The greater-than-3-inch material is
represented by encountering 11 pieces, 6 inches in diameter,
along a 50-ft transect.

Fire behavior fuel model 13.—Fire is generally carried across
the area by a continuous layer of slash. Large quantities of
greater-than-3-inch material are present. Fires spread quickly
through the fine fuels and intensity builds up more slowly as
the large fuels start burning. Active flaming is sustained for
long periods and firebrands of various sizes may be generated.
These contribute to spotting problems as the weather conditions
become more severe. Clearcuts and heavy partial cuts in mature
and overmature stands are depicted where the slash load is
dominated by the greater-than-3-inch material. The total load
may exceed 200 tons per acre, but the less-than-3-inch fuel is
generally only 10 percent of the total load. Situations where the

slash still has ‘‘red’’ needles attached but the total load is
lighter, more like model 12, can be represented because of the
earlier high intensity and quicker area involvement.

The Two-Fuel-Model Concept

If nonuniformity of the fuel makes it impossible to select a
fuel model from part 1, then the two-fuel-model concept may
be useful.

The two-fuel-model concept is designed to account for
changes in fuels in the horizontal direction, i.e., as the fire
spreads, it will encounter significantly different fuels. The con-
cept depends upon the size of the fire being large with respect
to the size of the fuel arrangements causing the discontinuity.
By this it is meant that the length of the fireline is long enough
so that at any one time the fireline extends through both fuel
types in several locations and that as the fire spreads it will en-
counter both fuel types repeatedly during the length of the
prediction period. If this is not the case, it is likely that you
will have two distinct burning conditions and the averaging
process used for estimating spread rate will be meaningless. The
larger the fire and the farther it travels, the larger the fuel
patches can be when applying this concept.

Another consideration is that if one fuel does not make up at
least 20 percent of the area, fire spread will be dominated by
the other fuel and it is not worth attempting to apportion the
spread rate between two fuels. '

The concept assumes that horizontally nonuniform fuels can
be described by two fuel models in which one represents the
dominant vegetative cover over the area, and the second repre-
sents fuel concentrations that interrupt the first. For example,
in a forest stand the dominant fuel strata over most of the area
may be short-needle litter (fuel model 8), with concentrations
of dead and down limbwood and treetops. Depending on the
nature of these jackpots, they could be described by model 10
or one of the slash models, 12 or 13. An important feature of
the concept is that it is not necessary to try to integrate the ef-
fect of both the needle litter and limbwood accumulation into
one model. Two distinct choices can be made.

The two-fuel-model concept may also be applied to range-
land, where grass may dominate the area, along with patches of
brush. Of course, the system will work vice versa, where brush
is dominant, with occasional patches of grass.

The process is begun with four steps:

1. Select a fuel model from the key that represents the domi-
nant cover—50 percent or more of the area.

2. From the key, select a fuel model that represents fuel con-
centrations within the area that interrupt the dominant cover.

3. Estimate the percentage of cover for the two fuels. The
sum of the two should equal 100 percent.

4, Record the selected fuel models on line 3 of the fire
behavior worksheet in two separate columns. Record the esti-
mated proportional coverage of each model on line 2. This
completes the information needed as inputs to the two-fuel-
model concept. Calculating spread rate and interpreting inten-
sity are explained in chapter IIL.



Fuel Moisture

BACKGROUND

The amount of moisture contained in wildland fuels is ex-
tremely important in determining fire behavior. The fire model
utilizes fuel moisture in the determination of both fire intensity
and the heat required to bring the fuel ahead of a spreading
fire up to ignition temperature. The objective of this section is
to provide methods for estimating fuel moisture from on-site
weather measurements, or a weather forecast, or both. The
moisture condition of the fine fuels is of primary importance in
spreading fires. Some fuel models contain both living and dead
fuels; consequently the moisture of each must be considered. In
the case of live fuels, foliage moisture is of primary impor-
tance. Table II-1 and the nomograms indicate which fuel
models contain live fuels.

Estimates of fuel moisture from on-site measurements of
temperature, humidity, and shade can be made with the TI-59
CROM as described by Burgan (1979). The tabular method de-
scribed here is preferred because its versatility allows estimates
to be made at sites with different slope, aspect, season, and
time of day, as well as from weather forecasts for locations
where on-site measurements can’t be made.

CAUTION: Both the tabular and TI-59 procedures for esti-
mating fuel moisture from temperature and humidity assume
that there has not been recent precipitation. If there has been
precipitation, several hours of good drying are necessary before
the fine fuel moisture estimates can be relied upon to be
reasonable. Blackmarr (1971) has found that fine fuels that
have been saturated with moisture and are drying (desorption)
can be 3 to 5 percent higher in fuel moisture than fine fuels
that have been dry and are gaining moisture (adsorption). If
you are concerned with fuels that have been wetted recently by
precipitation or dew, a correction of 3 to 5 percent may be
added to the fuel moisture obtained from the procedures in this
section.

Fuel moisture is simply an expression of the amount of water
in a fuel component. It is standard practice to express fuel
moisture as a percentage of the ovendry weight, and this is the
form used to calculate fire behavior. Fuel moisture is the result
of past and present weather events. Values can range as low as
1 to 2 percent in extreme drought conditions in the Southwest
to more than 200 percent for live fuels. Weather affects live
fuels quite differently than dead fuels; therefore methods for
estimating their values are different. Live fuel moisture can
range as low as 40 percent in some Southwest chaparral and the
plants will still recover; however, most plants that become that
dry will die. Dead fuel moistures are usually less than 30 per-
cent. Some dead fuels in the Southeast can carry fire at 40 per-
cent moisture, but it is unusual for fires to spread when the
dead fuel moisture is that high.

Live fuel moisture values are a result of physiological
changes in the plant. These are due mainly to the time of the
season, precipitation events, the temperature trend, and the
species. Dead fuels respond to day-to-day and hourly changes
in the microclimate surrounding the fuel particle.

LIVE FUEL MOISTURE ESTIMATION

Live moisture may be evaluated in three ways:

1. Sampling and measurement.

2. From a current record of a nearby National Fire Danger
Rating station.

3. Estimation from observation and a table of indicators and
values.
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Drying and weighing fuels is impractical for wildfire applica-
tion. Moisture values in the National Fire Danger Rating
System must be used with care, especially in mountainous ter-
rain where elevation and aspect will result in moisture values
far different from those taken at a valley weather station.

The favored method for quickly determining live fuel mois-
ture at remote locations is through estimation of the stage of
plant development, and the interpretations provided by table
II-2. Record the value of the live fuel moisture on line 10 of
the fire behavior worksheet. Note that the moisture values are
spaced by large increments in the high range. This is because at
high moisture values, where the live fuel will not support com-
bustion by itself, the fire model is not as sensitive to the mois-
ture level as it is at lower values. Above 200 percent, estimate
to the nearest 100 percent; between 100 and 200 percent esti-
mate by 50 percent; below 100 percent try to achieve 25 percent
or better. Check publications that describe green fuel moisture
and how it changes with the season for vegetation in your area.
Many of the fuel models do not contain live fuels and it is not
necessary to estimate the live fuel moisture for them.

Table lI-2.— Guidelines for estimating live fuel (foliage) moisture
content. Live fuel moisture is required for fuel
models 2, 4, 5, 7, and 10. If data are unavailable
for estimating live fuel moisture, the following
rough estimates can be used

Stage of vegetative development Moisture content
Percent

Fresh foliage, annuals developing, 300

early in growing cycle

Maturing foliage, still developing 200

with full turgor

Mature foliage, new growth complete 100

and comparable to older perennial foliage

Entering dormancy, coloration 50

starting, some leaves may have dropped

from stem

Completely cured Less than 30,
treat as a
dead fuel

Example: Suppose you are in a brush area with considerable
living foliage and you have chosen fuel model S. It is early fall,
the leaves are just beginning to change color, none of them
have dropped, and some foliage seems in summer condition.
According to table I1-2, the foliage would be between 50 and
100 percent moisture content. So estimate a value of 75 percent
and enter it on line 10 of the fire behavior worksheet.

Grass Fuels—Cured or Not?

The grass fuel models are preset for the time of year when
burning conditions are rather severe. The grass fuels are assum-
ed to be completely cured—that is, less than 30 percent fuel
moisture. Even fuel model 2, which has a small amount of live
fuel, acts as a cured grass model. The three grass models work
well for cured conditions, but do not represent other times of
the year when the grass is green.



DEAD FUEL MOISTURE

A unique system for classifying dead fuels uses the length of
time required for a fuel particle to change moisture by a
specified amount when subjected to a change in its environ-
-ment. It was developed by Fosberg (1971). Dead fuels are clas-
sified on the basis of 1-, 10-, 100-, and 1,000-hour classes or -
response times. Fine fuels, dead foliage, and twigs, or other
items usually one-fourth inch or less in diameter or thickness
comprise the 1-hour time class. These fuels commonly govern
the rate of spread of the fire front and are given paramount at-
tention by the fire model. Branch wood approximately one-
fourth inch to 1 inch in diameter is considered 10-hour fuel
while 100-hour fuels include the range from 1 to 3 inches. One-
thousand-hour fuels are 3- to 8-inch logs. They are beyond the
range of consideration in the fire model and are not considered
in this manual.

Because dead fuels respond to temperature, humidity, and
solar radiation, we must have methods to account for these ef-
fects upon fuel moisture.’ Temperature and humidity can be
dealt with in a straightforward manner. Solar radiation is a
more difficult problem, particularly in mountainous terrain,
where the aspect and steepness of the slope can affect the
amount of solar radiation as can the amount of shading by
trees and clouds. Also, day length has an important effect.
These effects are accounted for in the tables for estimating
dead fuel moisture.

Estimating Fine Dead Fuel Moisture with Tables

For many fire prediction situations it is necessary to estimate
fuel moisture at an inaccessible location or from a weather
forecast. A set of tables,® specifically designed for this task, is
provided. The method appears complex, but in fact consists of
simply determining a reference fuel moisture for worst-case
conditions, and then in another table finding a correction for
the fire site or projection point. There are procedures for day
or night.

The back of the fire behavior worksheet provides a form for
recording data and computing moisture content of the fine
fuels (1-hour TL fuels). Instructions for completing the form
are explained by exhibit II-2.

The method uses temperature and relative humidity to deter-
mine a reference fuel moisture. The temperature and humidity
are assumed to have been measured according to standard pro-
cedures for a weather shelter, or received in a forecast. The
instructions refer to a projection point (that is, the location at
which you wish to predict fire behavior) and may be at a dif-
ferent location from where the temperature and humidity are
measured or forecast.

The remaining information needed to complete the form is
used to adjust for solar heating. Note that if the projection

*Blackmarr (1971) presents fuel moisture data for several fuel types
found in the Southeast.

*The unpublished tables presented here were developed from work
initiated by Steve Sackett at the Rocky Mountain Station and later
modified by Bob Burgan and Jack Cohen at the Intermountain Sta-
tion. Tables simplified for rapid field use are given in the field hand-
book for the S-390 fire behavior course.

14

point is more than 2,000 ft above or below the elevation where
temperature and humidity are measured, these tables are not
applicable. You must get another measurement closer to the
projection point, get a forecast for that elevation, or use the
method in appendix D for making large elevation adjustments.

Also note that the time of measurement or forecast should
lie within the same time period that the fire prediction is made.
The tables by themselves are not used for making moisture esti-
mates for some future time.

Estimates for valley bottoms (taken from column B in
table F) are for inversion conditions. Cold air draining into a
steep, narrow valley accumulates to form a pool of cold, damp
air that can fill the valley to a considerable depth. This condi-
tion needs a substantial correction added to the moisture condi-
tions at a dry site above the valley floor.

The tables may be used to adjust the moisture of fuels in
valley bottoms from conditions measured on the slopes above,
but do not use weather data taken beneath a valley inversion
and attempt to infer fuel moistures at drier sites upslope. The
corrections are too large and uncertain, and you may get mean-
ingless results.

When extreme inversions do not exist, and the air is being
mixed by general winds (downslope winds will not cause mix-
ing), use the nighttime reference fuel moisture without correc-
tion for elevation. The corrections are for solar radiation and
are not applicable at night.

If you are using nomograms to estimate fire behavior, only
one dead fuel size is necessary and the adjusted value for fine
fuels taken from the tables may be used directly. If larger fuels
are present and are noticeably wetter than the fine fuels, then
the fine fuel moisture can be adjusted to account for this effect
on fire spread. This will usually occur in a drying trend because
large fuels dry slower and remain wetter than the fine fuels.
The adjustment should not be great unless large fuels dominate
the complex. Experience with your fuels is necessary to deter-
mine the right amount of adjustment.

If the TI-59 calculator and CROM are being used, fuel
moisture values obtained from the tables are entered on line 7
of the fire behavior worksheet. The calculator will estimate a
10-hour fuel moisture value from the temperature/humidity
and 1-hour moisture value. To do this it is only necessary to
store a zero for 10-hour fuel moisture before the calculations
are begun. If you are uncertain about how to calculate 10-hour
moisture with the calculator, a first approximation can be made
by adding 1 percent to the 1-hour value for 10-hour fuels and
2 percent to the 1-hour value for the 100-hour fuel moisture.
Enter the 10-hour fuel moisture on line 8, and the 100-hour
fuel moisture on line 9.



Exhibit l1-2,

For each fire behavior projection point, it is necessary to include a fine, dead fuel moisture.

Guidelines for fine dead fuel moisture calculations worksheet.

Follow-

ing is a line by line description of the worksheet to be used in calculating the appropriate fuel
This worksheet is printed on the reverse side of the fire

moisture input to the fire behavior model.

behavior worksheet.

Values that describe conditions are either recorded on a blank line or a code letter is circled.

Values

that are read from tables or calculated are recorded in boxes.

PROCEDURES

a. Projection point

b. Day or night (D/N) D/N

DAYTIME CALCULATIONS

c. Dry bulb temperature, °F

d. Relative humidity, %

e. Reference fuel moisture, %
(from table A)

f. Month
g. Exposed or shaded (E/S) E/S
h. Time

i. Elevation change B/L/A
B = 1000'-2000' below site

L = +1000' of site location

A = 1000'-2000' above site
j. Aspect
k. Slope

1. Fuel moisture correction, %

(from table B, C or D)

m. Fine dead fuel moisture, %
(line e + line 1)
(to line 7, other side)

]
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Record the number of the projection point for which a
fire behavior prediction is to be made. This corresponds
to the number recorded on line 1 of the fire behavior
worksheet.

Daytime projections are for 0800-1959. Nighttime pro-
jections are for 2000-0759. Circle the appropriate let-
ter. If day, complete lines c through m. If night,
complete lines n through w.

Daytime calculations use c through m.

Dry bulb temperature is determined for the time period in
question either by measurement or forecast. The site lo-
cation may or may not be at the projection point. Record
temperature, °F.

Record relative humidity for the time period in question.

Go to table A. Determine reference fuel moisture percent
from the intersection of temperature and relative humidi-
ty shown on lines c¢ and d. Record reference fuel mois-
ture, percent.

Record the month in question. This determines whether
table B, C, or D is used.

Determine whether fine dead fuels ahead of projection
point is EXPOSED (<50%) to solar radiation, or SHADED
(>50%) from solar radiation. This can be due to cloud
cover and/or canopy cover. Circle appropriate letter.

Record the expected time when the projection point will

be used to estimate fire behavior. This should corres-
pond to the time recorded in the heading of the fire be-
havior worksheet. The temperature/RH forecast or measure-
ment must be for the same time period as the projection
time point.

Record the elevational difference between the location of
the projection point and temperature/RH site location. If
the difference is +1000' circle L (site location); 1000'-
2000" above, circle A (above location); 1000'-2000' below
circle B (below location). If the projection point is
more than 2000' above or below the temperature/RH site
location, get a new forecast or reading.

Record the aspect of the projection point location.
Record the slope percent at the projection point location

From information on lines f, g, h, i, j, and k, determine
appropriate daytime correction table (B, C, or D).

Record the sum of lines e and 1. The fine dead fuel
moisture percent is determined by adding the fuel moisture
correction to the reference fuel moisture. This value is

-

transferred to line 7 of the fire behavior worksheet.



Exhibit 11-2.(con).

Exhibit lI-2.—Fine dead fuel moisture corrections.

PROCEDURES

NIGHTTIME CALCULATIONS

n.

Dry bulb temperature, °F

Relative humidity, %

Reference fuel moisture, %
(from table E)

Use table F only if a strong inversion
exists and a correction must be made for

elevation or aspect change.
Aspect of projection point
Aspect of site location

Time

Elevation change

B = 1000'-2000' below site
L = +1000' of site location
A = 1000'-2000' above site

Correction for projection
point location
(from table F)

Correction for site
location (L)
(from table F)

Fuel moisture correction, %
(line u - line v)

Fine dead fuel moisture, %
(line p + line w)
(to line 7, other side)

Nighttime calculations use lines n through x.

Dry bulb temperature is determined for the time period
in question either by measurement or forecast. The
site location may or may not be at the projection point.
Record temperature, °F.

Record relative humidify for the time period in question.

Go to table E. Determine reference fuel moisture percent
from the intersection of temperature and relative humidi-
ty shown on lines n and o. Record reference fuel mois-
ture, %.

If a strong inversion exists and a correction must be
made for elevation or aspect change, continue with lines™
q through x. Otherwise record the value from p on line x.

Record the aspect of the projection point.
Record the aspect of the temperature/RH site location.

Record the expected time when the projection point will

be used to estimate fire behavior. This should corres-
pond to the time recorded in the heading of the fire be-
havior worksheet. The temperature/RH forecast or measure-
ment must be for the same time period as the projection
point time.

Record the elevational difference between the location of
the projection point and temperature/RH site location.

If the difference is #1000' circle L (site location);
1000'-2000' above, A (above location); 1000'-2000' below,
B (below location). If the projection point is more than
2000' above or below the temperature/RH site location,
get a new forecast or reading.

Go to table F. Use the information on lines q, s, and t
to determine the moisture correction for the projection
point.

Go to table F. Use L and the information on lines r and
s to determine the moisture correction for the tempera-
ture/RH site location.

Determine the difference between the projection point
correction and the site location correction. Subtract
line v from line u. Record the difference as + or -.

Determine the fine dead fuel moisture by applying the
fuel moisture correction to the reference fuel moisture.
Line w is added to line p (watch the sign of line w).
This value is transferred to line 7 of the fire behavior
worksheet.
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Exhibit ll-2.(con).

TABLE A
REFERENCE FUEL MOISTURE

DAY TIME
0800-1959
RELATIVE HUMIDITY (PERCENT)
ory sun | 0]510 J15[20[25 | 30[35(40 | 45(50/s5 | 60/65/70 | 7580 85 | 90|95
R MAAAR RARARA RANARA MARARA AR MAAARA MM
(°F) 14|94 |19]24]29 | 34(39!44 |49/54/50 | 64/69(74 | 79(84 89 | 94|99
10-29 [1|2]2]3/4[5] 56 7]8|8]8] 9fsfiofrifizliz]13)1314
30-49 [1]2|2] 3|45 5|6 7] 77 8] 8 ahofrojifiz]ishishis
50 -69 [1[2[2] 3[4ls5] 56/ 6] 7] 7[8] 8] o[ afroftihiz]i2)iz)is
70-89 |1[1]2f2[3[4]5[5[6] 77 8] 8|8 afroftof1]i2)1zi3
go-108 J1[1[2 ] 2[ 3[4} a]5]6] 7] 7] 8] 8[ 8] 8 ftafiofi1 [izhizfi3
109+ Ji{1]2]2[3[4] 4[5[6] 7[7]8] 8 8] arofioi1 |izfiz]rz
GO TO TABLE B, C, or D FOR CORRECTIONS
TABLE B
DAYTIME
0800-1959

DEAD FUEL MOISTURE CONTENT CORRECTIONS

MAY JUNE JuLY

EXPOSED - LESS THAN 50% SHADING OF SURFACE FUELS
0800=J1000 > ]1200 > 11400 > 1600 > J1800 >
BILIARBIL|AIB|LIAJBILIAIBILIAJB|L]A

y[0-30%  J2fsfalilr[1fofo1foloft]i]1]1]2]3]4
stw+ s lalaln 22 lalela 0] 2] 2] 2] 3] 4] 4
Joanw [z [2[3[i[r]i]ofor[e o ] r]2 3 4]4
1%+ D lefofolifofo[iTi]i]z]z]s]a]a]5 s
ST £ EAE) MK D10 OO i B8E
s+ J2[sfsilifefolififoi[i]i[i]2]2[s]s
=T £2E3 3 I A NN N R EA
%+ falsfsfzfslahi[ilzfofoli o1 ]i]2]2
SHADED - GREATER THAN OR EQUAL TO 50% SHADING OF SURFACE FUELS
N |0%+ als[s[af4a]sJaTaTalala]a]a[4a[s5]«]5]5
Eloe+  Jalals]a]alslafa]a]a]a]alalals]al5]s
S [0%+ ala|5]3(4ls|a[3[4[3[3]a[3[4]5]4[5]5
W{0%+ N0 B0EBBOBEDBNENNE

NOTE: A= 1000’-2000’ above site

L = £1000’ of site location

B = 1000'-2000’ below site
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Exhibit ll-2.(con).

TABLE C

DAYTIME
0800-1959

DEAD FUEL MOISTURE CONTENT CORRECTIONS

| FEBRUARY MARCH APRIL/AUGUST SEPTEMBER OCTOBER |

EXPOSED - LESS THAN 50% SHADING OF SURFACE FUELS
0800 > J1000 »- 1200 >-]1400 »J1600 > |1300 =
BIL|AJB|L|A]B|L{A]BJL|AJB|L]|A}B|L|A
"0-30% J|4|5)1]2)31(1j2)111)12)11213}13]4]5
N%+ 3]4|5]3 3|42 (3|4])2]|3]4]3]|3]|4]3]4]5
E0-30% JlaIsr|2|3aqrrrgrjr)eqr|af3y3|f4|s
3%+ J3j4qtfrjrpufrjrgrj2|3j3j4y544|5|6
sﬂ-30% Jjalsquiz|zprquqrjrgg|z|sjsj4|s
31%+ Jl4|51|2]2Q0|r|rjofujrguj2|2]3|4|5
w0-30% Jlasfrje|aqrjrrgufefrgrfzfajajals
3%+ 415]603[4 501 ]2])31|1jugufrj1g3|3j|4
SHADED -~ GREATER THAN OR EQUAL TO 50% SHADING OF SURFACE FUELS
N{0%+ 4]5|6)4|5]5])3[4|5)3]|4|504|5]|5]4]|5(6
E|0%+ 4[5]643[4|5)3)4[5]3/4[5§4]5|6]4]|5]6
S |0%+ 4/5]16§3]4|503]|4])5)3]4]5)3]|4]|5]4]5]|6
Wi 0%+ 4(5|6]4(5(6]3]|4]|5]3|4]5)3|4|5]4]5]6
e ARSI e
B = 1000°-2000’ below site \—DL—W
0800-1959

DEAD FUEL MOISTURE CONTENT CORRECTIONS
| NOVEMBER DECEMBER JANUARY |

EXPOSED - LESS THAN 50% SHADING OF SURFACE FUELS
0800 > |1000 > |1200 » J1400 » [1600 > 1800 »
BIL|AJB|L|AJB|L|AJB|L{AJBfL]JAJB]|L]A

"0-30% 415]603(4|502|3(4)2|3[4]3|4]5]4]5]6
31%+ 4]5|6)4[5]6)4|5]6)4]5]6]4[5]6]4]5](6
E0-30% 4(5(6)3|4|4]2)3]3]2|3]|3]3]|4]5])4]|5(6
31%+ 4|5]6]2]3|4)2]2|3]3|4|4]4|5[6]4]5]6
sﬂ-ﬁﬂ% 4(5|6]3|4|502)3|3)2|2|3]3|4]|4]4]5[6
1%+ 4(5(6Q2|3(agt{1{2p1{t1{2]2]3i314(5|6
w0-3I]% 4]5)6]3[4]|502|3|3)2|3[3]3[4]|4]4(5]6
31%+ 4]5]|6)4(5]/6]3|4j412]2[{3]2|3]4]J4]5]6
SHADED - GREATER THAN OR EQUAL TO 50% SHADING OF SURFACE FUELS
N |0%+ 4|5|6]4|5|6]4[5[6]4|5|6)4|5[6]4[5]|6
E 0%+ 4|5|6Q4)|5|6)4(5[(6)4|5]/6)4|5]|6]4|5]6
8 [0%+ 4|5]|6)4|5|6]4|5]|6J4]|5|654]|5|6]4]5]6
W|0%+ 415]6)4|5|604]5]6J4]|5|6]4]5|6]J4]5]6

NOTE: A= 1000'-2000’ above site
L= £1000" of site location
B = 1000’-2000' below site
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TABLE E
REFERENCE FUEL MOISTURE

NIGHT TIME
2000-0759

Dry Bulb
[ °F)

Temperature

RELATIVE HUMIDITY (PERCENT)
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TABLEF

NIGHT TIME
2000-0759

DEAD FUEL MOISTURE CONTENT CORRECTIONS

2000 | 2200 | 0000 | 0200} 0400 | 0600 >

Bitiafeliiafeiiialeliiafe Linfoltin
(53 CIEN (EI N A EA DK IEIENED [N
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NOTE: A= 1000’-2000’ above size
L = 1000’ of site location
B = 1000°’-2000’ below site




Following are two examples in which fine dead fuel moisture
is calculated. The work is shown on the accompanying calcula-
tion forms.

Example 1: Calculate the dead fuel moisture given the follow-
ing conditions:

Daytime

Dry bulb temperature - 80° F

Relative humidity - 20%
Slope - 35%
Aspect - North
Site exposure - Open
Month - August
Time - 1300
Sky - Clear

(a) What is the dead fuel moisture at your location?

(b) What is it 1,200 ft lower on an east aspect with the same

slope?

(c) What is it at your location if the sky is cloudy or there is

a forest canopy?
Solution 1: (a) 6%
(b) 4%
) 7%
Example 2: Calculate the dead fuel moisture given the follow-
ing conditions:
Nighttime
Dry bulb temperature - 60° F

Relative humidity - 50%
Aspect - North
Time - 2300

(a) What is the dead fuel moisture at your location?

(b) What is it 700 ft higher on a south slope?

(¢) If a strong inversion exists and you are located in the
thermal belt, what is the dead fuel moisture 1,500 ft lower (in
valley bottom) on the same slope?

Solution 2: (a) 10%
(b) 9%
(c) 22%
Wind’

Wind is the most variable factor required to predict fire
behavior. It not only changes with time, but also in horizontal
and vertical directions. This section tells how to interpret wind
information obtained from forecasts or from on-site measure-
ments into inputs for calculations. The procedures deal with the
problem of interpreting wind variation over horizontal and ver-
tical space as influenced by topography, vegetation (including
trees), and type of wind. The problem of wind variation and
. how to cope with it during a prediction period is discussed fur-
ther in the chapter on predicting fire growth from a line of fire.

Many types of wind exist, and most have a repeatable pat-
tern that must be identified to make reliable predictions. Others
are not reliable, but since they can strongly influence fire
behavior they must be considered. Such winds include winds
accompanying thunderstorms, whirlwinds, and nighttime high
elevation winds, and are labeled ‘‘spurious winds.’’ You may

"The section on *‘Wind’* has changed drastically since it was first
taught in 1976. 1 wish to express sincere appreciation to Clyde O’Dell
for repeatedly reformulating the lesson plan; to Frank Albini, Bob
Baughman, John Deeming, Jack Cohen, and Don Latham for con-
tributing to modeling of this difficult subject; and to Dave Goens,
Frank Gift, John Deeming, and Rod Norum for review and critique.
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wish to add other winds in your locality to this group. For
winds that are predictable, general winds and convective winds,
the procedures lead to estimation of the windspeed and direc-
tion at the midflame height in surface fuels.

The fire model was developed to predict fire spread based
upon the wind that would be present without influence from a
fire. This greatly simplifies the problem of fire prediction
because it is not necessary to predict the fire’s influence upon
the wind and allows a forecast to be used for predicting fire
behavior. This excludes predictions in severe fire situations for
which the fire model was not designed, such as running crown
fires or many prescribed fire situations where in-drafts are
relied upon to control fire behavior.

The standard height for wind measurements used by land
management agencies in this country is 20 ft above the surface,
adjusted for vegetation depth (Fischer and Hardy 1976). Most
fires in surface fuels burn below the 20-ft height, and since
wind is slowed significantly by friction near the surface, the
20-ft windspeed must be adjusted to obtain the correct value
for predicting fire behavior. The nomograms published by
Albini (1976) have a built-in correction that reduces the 20-ft
windspeed by one-half to obtain the midflame windspeed. This
is a good approximation for exposed fuels, but will cause over-
prediction of fire spread in some fuels sheltered by an overstory
of trees (Albini and Baughman 1979). The 1978 fire behavior
officers’ course introduced nomograms revised to use midflame
windspeed as the input and to provide a method of inferring
midflame windspeed based on the sheltering conditions. These
procedures are used in this manual.

WIND INFORMATION REQUIRED FOR
PREDICTING SPREAD

The wind input value is the estimated windspeed and wind
direction at a height above the surface fuel equivalent to the
mid-level height of flames. This information is needed at loca-
tions around the fire perimeter where fuels, topography, or
microclimate are expected to cause significantly different fire
behavior. These locations are known as projection points. Usu-
ally two or three projection points are sufficient to estimate the
general growth of a fire. The wind estimates should be made
for time periods when the wind can be expected to remain
reasonably stable. Selection of projection points is further ex-
plained in chapter [V.

SOURCES OF WIND INFORMATION

In wildfire situations you must be prepared to use the data
available. A fire weather forecast is the best source of wind in-
formation. The National Weather Service has special fire
weather forecasts available for many areas of the country dur-
ing the fire season. The areas covered and the service centers
are shown in figure II-1. On large project fires in the western
United States, one may request a mobile unit and forecaster to
come to the fire site. Experience has shown that communica-
tions with the forecaster will break down when you depart to a
fire and for several hours after you arrive at the scene. The
procedures in this section assume that soon after the initial
stage of the fire you will reestablish direct access to a forecaster
either by phone, radio, or on-site. To facilitate communications
with the forecaster, the Fire Weather Special Forecast Request
form is available (exhibit 11-3). (Instructions are printed on the
back of the form.) The form is used to record all meteorolog-
ical data, not just wind. It also provides for documenting
weather observations near the fire site to aid the forecaster.



FINE DEAD FUEL MOISTURE CALCULATIONS

a. Projection point Em/e /Q /b /C
b. Day or night (D/N) @N @N @N D/N

DAY TIME CALCULATIONS

c. Dry bulb temperature, °I 80 jo 80

d. Relative humidity, % w a‘! 1‘ 2

e. Reference fuel moisture, % 3 3 i
(from table A) |

™

3
f. Month Agﬁ? A“ﬂ AL«JI
Qs

g. Exposed or shaded (E/S) @s E@ E/S

/300 /300

h. Time

i. Elevation change
B = 1000'-2000"' below site

@L/A BA B/L/A

L = +1000' of site location
A = 1000'-2000' above site
j. Aspect E N
k. Slope .15 jﬁ_

1. Fuel moisturc correction, %
(from table B, C, or I)

-~

m. Finc dead fuel moisture, %
(line e + line 1)
(to linc 7, other side)

SR

74
7

p

NIGHT TIME CALCULATIONS

n. Dry bulb temperature, °F

o. Relative humidity, %

p. Reference fuel moisture, %
(from table E)

Use table F only if a strong inversion
exists and a correction must be made
for elevation or aspect change.

q. Aspect of projection point

r. Aspect of site location

s. Time

t. Elevation change B/L/A B/L/A B/L/A B/L/A
B = 1000'-2000' below site

L = +1000' of site location
A = 1000'-2000"' above site

u. Correction for projection | o 1
point location(from table F) | - |

v. Correction for sitc location | | 1 !
€h) (from table F) :

w. Fuel moisture correction, % : ! 1]
(line u - line v) i !

x. Fine dead fuel moisture, %
(line p + line w)

]

(to line 7, other side)
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FINE DEAD FUEL MOISTURE CALCULATIONS

a. Projection point 15XQ7hp/e
b. Day or night (D/N)

DAY TIME CALCULATIONS

c¢. Dry bulb temperature, °I
d. Relative humidity, %

e. Reference fuel moisture, %
(from table A)

f. Month
g. Exposed or shaded (E/S)
h. Time

i. Elevation change
B = 1000'-2000' below site

L = +1000' of site location
A = 1000'-2000' ahove site
j. Aspect
k. Slope

1. Fucl moisturc corrcction, %
(from table B, C, or )
m. Fine dead fucl moisture, %
(line e + 1line 1)
(to line 7, other side)

NIGHT TIME CALCULATIONS

n. Dry bulb temperature, °F
o. Relative humidity, %

p. Reference fuel moisture, %
(from table E)

Use table F only if a strong inversion
exists and a correction must be made
for elevation or aspect change.

q. Aspect of projection point

r. Aspect of site location

s. Time

t. Elevation change

B = 1000'-2000' below site

L = #1000' of site location
A 1000'-2000" above site

u. Correction for projection
point location(from table F)

v. Correction for site location
(L) (from table F)

w. Fuel moisture correction, %
(line u - line v)

x. Fine dead fuel moisture, %

(line p + line w)
(to line 7, other side)

22

22 26

2 C

o) oD @ D/N
l |
l
E/S L/S E/S E/S
B/L/A B/L/A B/L/A B/L/A
| ]
L0 L0 &0
S0 SO SO
/01| /0 /0 |
N s N
N N N
2300 Q2300 K300
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