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PURPOSE 

The purpose of this appendix is to provide some basic fire behavior 
information that will enable a person with a moderate level of fire 
behavior training (Introduction to Wildland Fire Behavior 
Calculations, S-390) to predict and calculate some basic elements of 
fire behavior and fire size. 

Information in this appendix will provide the qualified user with the 
means to: 

•	 Predict rate of spread (ROS) and flame length (FL) for each Fire 
Behavior Fuel Model based on the 1-hour timelag dead fuel 
moisture, live fuel moisture for Fuel Models 2, 4, 5, 7 and 10, 
midflame windspeed and percent slope. 

•	 Estimate the area and perimeter of a fire, given inputs of spread 
distance (rate of spread x time) and midflame windspeed. 

•	 Predict maximum spotting distance and probability of ignition. 

•	 Provide worksheets for fire behavior prediction. 

The Fire Behavior Worksheet is on page B-5.  Other worksheets that 
help track fire behavior input and output date (Fine Dead Fuel 
Moisture/Probability of Ignition, Wind Adjustment, Slope, Map-
Spread, Size, Spotting, and Map-Spot) are provided on pages B-6 
through B-9. Pages B-10 through B-37 go over the six required 
input items on the Fire Behavior Worksheet and B-38 through B-55 
cover the output items. 

It is imperative that the user of information contained in this 
appendix know the assumptions, limitations, and appropriate 
uses of fire behavior prediction models and is able to recognize 
how environmental factors and processes affect fire behavior 
predictions and safety. 
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FIRE BEHAVIOR WORKSHEET 

NAME OF FIRE ___________FIRE PRED SPEC_____________
 
DATE____________________ TIME_______________________
 

PROJ PERIOD DATE_______PROJ TIME FROM _____TO____
 

INPUT 
0 PP PROJECTION POINT ___ ___ ___ 

1 MODEL# FUEL MODEL NUMB (1-13) ___ ___ ___ 

2 1H-FDFM FINE DEAD FUEL MOIST, % ___ ___ ___ 

3 LFM LIVE FUEL MOISTURE, % ___ ___ ___ 

4 MFWS MIDFLAME WINDSPD, mi/h ___ ___ ___ 

5 SLP SLOPE, % ___ ___ ___ 

6 EWS EFFECTIVE WNDSPD, mi/h ___ ___ ___ 

OUTPUT 
1 ROS RATE OF SPREAD, ch/h ___ ___ ___ 

2 HA HEAT PER UNIT AREA, ___ ___ ___ 
Btu/sq ft 

3 FLI FIRELINE INTENSITY, ___ ___ ___ 
Btu/ft/s 

4 FL FLAME LENGTH, ft ___ ___ ___ 

5 SD SPREAD DISTANCE, ch ___ ___ ___ 
MAP SPREAD DIST, in 

6 PER PERIMETER, ch ___ ___ ___ 

7 AC AREA, ac ___ ___ ___ 

8 SPOT MAX SPOTTING DIST, mi ___ ___ ___ 
MAP DIST SPOT, in ___ ___ ___ 

9 PIG PROB OF IGNITION, % ___ ___ ___ 
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FINE DEAD FUEL MOISTURE/PROBABILITY OF IGNITION 
WORKSHEET 

INPUT 
0 PP PROJECTION POINT ____ ____ ____ 

1 D DAY TIME CALCULATION  D  D  D 

2 DB DRY BULB TEMP. °F ____ ____ ____ 

3 WB WET BULB TEMP. °F ____ ____ ____ 

4 DP DEW POINT, °F ____ ____ ____ 

5 RH RELATIVE HUMIDITY, % ____ ____ ____ 

6 RFM REFERENCE FUEL ____ ____ ____ 
MOIST, % (TABLE 2) 

7 M O MONTH ____ ____ ____ 

8 SH UNSHADED (U) U/S U/S U/S 
SHADED (S) 

9 T TIME ____ ____ ____ 

10 CH ELEVATION CHANGE B/L/A B/L/A B/L/A 

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

11 ASP	 ASPECT, (N, E, S, W) ____ ____ ____ 

12 SLP	 SLOPE % ____ ____ ____ 

13 FMC	 FUEL MOIST CORRECT, % ____ ____ ____ 
(TABLE 3, 4, OR 5) 

OUTPUT
 
1 1H- FINE DEAD FUEL MOIST, % ____ ____ ____
 

FDFM (line 6 + line 13) 

2 PIG	 PROB OF IGNITION, % ____ ____ ____ 
(TABLE 12) 
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WIND ADJUSTMENT WORKSHEET 

INPUT 
0 PP PROJECTION POINT ____ ____ ____ 

1 20' W 20-FT WINDSPEED, mi/h ____ ____ ____ 

2 MODEL # FUEL MODEL # (1-13) ____ ____ ____ 

3 SHLTR WIND SHELTERING ____ ____ ____ 

1=Unsheltered 
2=Partially Sheltered 
3=Fully Sheltered, Open 
4=Fully Sheltered, Closed 

4 WAF WIND ADJUST FACTOR ____ ____ ____ 
(TABLE 7) 

OUTPUT 
1 MFWS MIDFLAME WNDSPD, mi/h ____ ____ ____ 

(line 1 x line 4) 

SLOPE WORKSHEET 

INPUT 
0 PP PROJECTION POINT ____ ____ ____ 

1 CON INT CONTOUR INTERVAL ____ ____ ____ 

2 SLC MAP SCALE ____ ____ ____ 

3 CF CONVERSION FACTOR, ____ ____ ____ 
ft/in 

4 # INTVLS # CONTOUR INTERVALS ____ ____ ____ 

5 RISE RISE IN ELEVATION ____ ____ ____ 

6 M D MAP DISTANCE, in ____ ____ ____ 
(Between Points) 

7 HZGD HORIZ GROUND DIST, ft ____ ____ ____ 

OUTPUT
 
1 SLP % SLOPE, % ____ ____ ____
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MAP-SPREAD WORKSHEET 

INPUT 
0 PP PROJECTION POINT ____ ____ ____ 

1 ROS RATE OF SPREAD, ch/h ____ ____ ____ 

2 PT PROJECTION TIME, hr ____ ____ ____ 

3 SDCH SPREAD DISTANCE, ch ____ ____ ____ 
(line 1 x line 2) 

4 SDFT SPREAD DISTANCE, ft ____ ____ ____ 
(line 3 x 66 ft/ch) 

5 SCL MAP SCALE ____ ____ ____ 

6 CF CONVERSION FACTOR, ____ ____ ____ 
ft/in (See Map Scale Conversion) 

OUTPUT 
1 M D MAP SPREAD DIST, in ____ ____ ____ 

(line 4 divided by line 6) 

SIZE WORKSHEET 

INPUT 
0 PP PROJECTION POINT ____ ____ ____ 

1 ROS RATE OF SPREAD, ch/h ____ ____ ____ 

2 EWS EFFECTIVE WINDSPD, mi/h ____ ____ ____ 

3 PT PROJECTION TIME, hr ____ ____ ____ 

4 SD SPREAD DISTANCE, ch ____ ____ ____ 
(line 1 x line 3 = line 4) 

OUTPUT 
1 PER PERIMETER, ch ____ ____ ____ 

2 AC AREA, ac ____ ____ ____ 
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SPOTTING WORKSHEET 

MAP-SPOT WORKSHEET 

INPUT 
0 PP PROJECTION POINT ____ ____ ____ 

1 

2 

3 

SPOTMI SPOTTING DISTANCE, mi 

SPOTFT SPOTTING DISTANCE, ft 
(line 1 x 5,280 ft) 

SCL MAP SCALE 

____ 

____ 

____ 

____ 

____ 

____ 

____ 

____ 

____ 

4 CF CONVERSION FACTOR, 
ft/in 

____ ____ ____ 

OUTPUT 
1 SPOT MAP DISTANCE SPOT, in 

(line 2 divided by line 4) 
____ ____ ____ 
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COMPLETING THE FIRE BEHAVIOR WORKSHEET 

INPUT 0: Projection Point (PP) 

Assign a number or letter to designate the projection point location 
and enter as Input 0 on the Fire Behavior Worksheet on page B-5. 

INPUT 1: Fuel Model (Model #) 

•	 Using the guidelines below, proceed through the fuel model key 
and descriptions which follow and select a fuel model and enter 
as Input 1 on the Fire Behavior Worksheet on page B-5. 

•	 Determine the primary carrier of fire. 

•	 Determine which stratum of the surface fuels is most likely to 
carry the spreading fire (grass, needle litter, leaves, logging 
slash, etc.). 

•	 Determine the appropriate fuel group/general vegetation type; 
i.e., Grass (Models 1-3), Shrub (Models 4-7), Timber Litter 
(Models 8-10), or Logging Slash (Models 11-13). 

•	 Using the fuel model key, determine the appropriate fuel model. 

•	 Go to the fuel model description and determine if it fits. 

•	 If yes, use it and enter into Input 1 on the Fire Behavior 
Worksheet. 

•	 If no, find another that more closely fits your situation. 

•	 The fuel models used here are those used by Albini (1976)¹ to 
develop the nomograms published in his paper Estimating 
Wildfire Behavior and Effects. There are 13 models which are 
called the Fire Behavior Fuel Models. 

¹ Albini Frank A.; Estimating Wildfire Behavior and Effects. 
Gen. Tech. Report INT-30; 1976. 
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They are tuned to the fine fuels that carry the fire and thus 
describe the conditions at the head of the fire or the flaming 
front. These models are designed to give predictions for fire 
spread at a steady rate. It is important to recognize that rate of 
spread (ROS) and flame length (FL) predictions are estimates 
and the actual ROS and FL may vary considerably from the 
predicted. 

•	 Assessment of fire behavior is simpler if a single fuel model is 
used to describe the fuels in the area. In fact, as experience is 
gained by observation of fires and estimating their behavior, it 
is possible to pick the fuel model not only by its description of 
physical vegetation, but also by its known fire behavior 
characteristics. 

Examples: The fire may be in 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, or 

In the same area if the grass is sparse and there is no wind or 
slope, the needle litter would be the stratum carrying the fire 
and Fuel Model 9 would be the better choice. 

•	 Determine the general depth and compactness of the fuel. This 
information will be needed when using the fuel model key. 
There are very important considerations when matching fuels, 
particularly in the grass and timber types. 

•	 Determine which fuel models are present and what their 
influence on fire behavior is expected to be. 

Example: 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? 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 the model name 
or the original intended application. 
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FIRE BEHAVIOR FUEL MODEL KEY¹ 

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. 

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. 

¹ Richard C. Rothermel; How to Predict the Spread and Intensity of 
Forest and Range Fires. Gen. Tech Report INT-143; June 1983 
(NFES 1574). 
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II.	 PRIMARY CARRIER OF THE FIRE IS SHRUB or LITTER 
BENEATH SHRUB.  Expected rates of spread and fireline 
intensities (flame length) are moderate to high. 

A.	 Vegetative type is southern rough or low pocosin.  Shrub 
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.	 Shrub 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.	 Shrub 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. 
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 III.	 PRIMARY CARRIER OFTHE 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 fuels with attached 
branches and twigs, or it 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. 
Overall depth of the fuel is primarily below the knees, but 
some fuel may be higher.  SEE THE DESCRIPTION OF 
MODEL 10. 

IV.	 PRIMARY CARRIER OF THE FIRE IS LOGGING SLASH. 
Spread rates are low to high, fireline intensities (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. 
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B.	 Slash is fresh (0-3 years) 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 expected 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 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 attached and 
are red. SEE THE DESCRIPTION OF MODEL 4. 
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FIRE BEHAVIOR FUEL MODEL DESCRIPTIONS² 

• Grass Group 

Fuel Model 1 (1 foot deep) Fire spread is governed by the fine 
herbaceous fuels that have cured or are nearly cured. Fires are 
surface fires that 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. 

Fuel Model 2 (1 foot deep) Fire spread is primarily through 
the fine herbaceous fuels, either curing or dead. These are 
surface fires where the herbaceous material, besides litter and 
dead-down stemwood from the open shrub or timer overstory, 
contribute to the fire intensity.  Open shrub lands and pine 
stands or scrub oak stands that cover 1/3 to 2/3 of 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. 

Fuel Model 3 (2.5 feet deep) 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 over 
standing water.  Stands are tall, averaging about 3 feet, but 
considerable variation may occur.  Approximately one-third or 
more of the stand is considered dead or cured and maintains the 
fire. 

² Anderson, Hal E.; Aids to Determining Fuel Models for Estimating 
Fire Behavior.  Gen. Tech Report INT-122, 1982. 
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• Shrub Group 

Fuel Model 4 (6 feet deep) Fire intensity and fast spreading 
fires involve the foliage and live and dead fine woody materials 
in the crowns of a nearly continuous secondary overstory. 
Examples are stands of mature shrub, 6 or more feet tall, such 
as California mixed chaparral, the high pocosins along the east 
coast, the pine barrens of New Jersey or the closed jack pine 
stands of the north-central states. Besides flammable foliage, 
there is dead woody material in the stand that significantly 
contributes to the fire intensity.  Height of stands qualifying for 
this model vary with local conditions. There may be also a 
deep litter layer that confounds suppression efforts. 

Fuel Model 5 (2 feet deep) Fire is generally carried in the 
surface fuels made up of litter cast by the shrubs and the 
grasses or forbs in the understory.  Fires are generally not very 
intense as 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 nearly cover the 
entire area. Young, green stands with little or no deadwood 
such as laurel, vine maple, alder, or even chaparral, manzanita, 
or chamise are examples. As the shrub fuel moisture drops, 
consider using a Fuel Model 6. 

Fuel Model 6 (2.5 feet deep) Fires carry through the shrub 
layer where the foliage is more flammable than Fuel Model 5, 
but require moderate winds (>8 mi/h) at midflame height. Fire 
will drop to the ground at low windspeeds or openings in the 
stand. 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. Typical examples 
include intermediate stands of chamise, chaparral, oak brush, 
low pocosins, Alaskan spruce taiga, and shrub tundra.  Cured 
hardwood slash can be considered. Pinyon-juniper shrublands 
may fit, but may overpredict rate of spread except at high 
winds (20 mi/h at the 20-foot level). 
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Fuel Model 7 (2.5 feet deep) Fire burns through the surface 
and shrub strata equally.  Fire can occur at higher dead fuel 
moisture contents due to the flammable nature of live foliage. 
Shrubs are generally 2 to 6 feet high. Examples are Palmetto­
gallberry understory-pine overstory sites, low pocosins, and 
Alaska Black Spruce-shrub combinations. 

• Timber Litter Group 

Fuel Model 8 (0.2 foot deep) Slow burning ground fires with 
low flame heights are generally the case, although an occasional 
“jackpot” or heavy fuel concentration may cause a flare up. 
Only under severe weather conditions do these fuels pose fire 
problems. 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 pine, lodgepole pine, 
spruce, true fires, and larches. 

Fuel Model 9 (0.2 foot deep) 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 
representative, but high winds will actually cause higher rates 
of spread than predicted because of spotting caused by rolling 
blowing leaves. Closed stands of long-needled pine like 
ponderosa, 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, spotting, and crowning activity. 

B-18
 



Fuel Model 10 (1 foot deep) The fires burn in the surface and 
ground fuels with greater fire intensity than other timber litter 
models. Dead-down fuels include greater quantities of 3-inch or 
larger limb wood resulting from over-maturity or natural events 
that create a large load of dead material on the forest floor. 
Crowning out, spotting, and torching of individual trees are 
more frequent in this fuel situation leading to potential fire 
control difficulties.  Any forest type may be considered when 
heavy down materials are present; examples are insect or 
diseased stands, wind-thrown stands, over-mature situations 
with deadfall, and cured light thinning or partial-cut slash. 

• Logging Slash Group 

Fuel Model 11¹ (1 foot deep) 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 southern pine harvests are 
considered. Clear-cut operations generally produce more slash 
than represented here. The <3 inch material load is less than 12 
tons per acre. The >3 inch material is represented by not more 
than 10 pieces, 4 inches in diameter along a 50-foot transect. 

Fuel Model 12¹ (2.3 feet deep) 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 
dominated by slash and much of it is <3 inches in diameter. 
These fuels total less than 35 tons per acre and seem well 
distributed. Heavily thinned conifer stands, clear-cuts and 
medium or heavy partial cuts are represented. The >3 inch 
material is represented by encountering 11 pieces, 6 inches in 
diameter, along a 50-foot transect. 

¹ When working in Fuel Model 11 or 12 with significant “red” 
needles attached to limbs, consider using the next heavier model. 
For example: Fuel Model 11 with “red” needles, use Fuel Model 12. 
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Fuel Model 13² (3 feet deep) Fire is generally carried by a 
continuous layer of slash. Large quantities of >3 inch material 
are present. Fires spread quickly through the fine fuels and 
intensity builds up as the large fuels start burning.  Active 
flaming is sustained for long periods and a wide variety of 
firebrands can be generated. These contribute to spotting 
problems as the weather conditions become more severe. 
Clear-cut and heavy partial-cuts in mature and over-mature 
stands are depicted where the slash load is dominated by the >3 
inch material. The total load may exceed 300 tons per acre, but 
the <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 like a Model 12, can be represented 
because of the earlier high intensity and faster rate of spread. 

² If “red” needles are attached consider using a Fuel Model 4. 
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INPUT 2: Fine Dead Fuel Moisture (1-H FDFM), % 

Fine Dead Fuel Moisture Content is an important input to fire 
behavior predictions. Fuel moisture measurements are difficult to 
make in the field; however, estimates can be made from measured or 
predicted values of dry bulb temperature and relative humidity. 

Due to solar radiation differences that exist between aspect, time of 
year, shading, and the adiabatic difference between position on the 
slope, it is necessary to calculate an estimate of fuel moisture. This 
is necessary as the National Fire Danger Rating System (NFDRS) 
tables used here were developed for “worst case” conditions 
(summer, 1400, SW aspect, open conditions). These predictions are 
for fine, dead forest fuels. Heavier fuels can be estimated by other 
means as needed. 

Temperature and humidity are predicted for a specific site 
(projection point) in relation to a site (site location) where dry bulb 
temperatures and relative humidity are measured. Since temperature 
and relative humidity change with elevation, it is necessary to 
estimate these changes between the projection point and the site 
location. There are tables to correct for elevation changes of 0 to 
2000 feet above or below the site location, but a new site location is 
needed if the elevation difference between the site location and the 
projection point exceeds 2000 feet. 

Time corrections cannot be made. Temperature and relative 
humidity must be obtained for the time in question. 

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 
interpolate fuel moistures at drier sites upslope. The corrections are 
too large and uncertain, and you may get meaningless results. 

To use the Fine Dead Fuel Moisture/Probability of Ignition 
Worksheet on page B-6, complete the following input/output items. 
Enter the fine dead fuel moisture as Output 1 on the Fine 
Dead Fuel Moisture/Probability of Ignition Worksheet and as 
Input 2 on the Fire Behavior Worksheet on page B-5. 
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INPUT 

0	 (Projection Point)—Record the number of the projection point 
for which a fire behavior prediction is to be made. 

1	 (Day Time Calculation)—Only day time calculations will be 
considered. 

2	 (Dry Bulb Temperature)—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 in degrees Fahrenheit. 

3	 (Wet Bulb Temperature)—Wet 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 in degrees Fahrenheit. 

4	 (Dew Point)—Record dew point for the time period in 
question. 

5	 (Relative Humidity)—Record relative humidity for the time 
period in question. 

6	 (Reference Fuel Moisture)—Go to Table 2 and determine the 
reference fuel moisture percent from the intersection of 
temperature and relative humidity (Inputs 2 and 5). Record as 
a percent. 

7	 (Month)—Record the appropriate month. 

8	 (Unshaded or Shaded)—Circle “U” if fine dead fuels ahead of 
the projection point are unshaded (<50% shading) from solar 
radiation due to cloud cover and/or canopy cover.  Circle “S” if 
fine dead fuels ahead of the projection point are shaded (>50% 
shading) from solar radiation due to cloud and/or canopy cover. 
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9	 (Time)—Record the expected time when the projection point 
will be used to estimate fire behavior.  The temperature/RH 
forecast or measurement must be the same time period as the 
projection time period. 

10	 (Elevation Change)—Record the elevation difference between 
the location of the projection point and the temperature/RH 
site location and circle: 

“B” if the projection point is 1000 to 2000 feet below the site 
location. 

“L” if the projection point is 0 to 1000 feet above or below the 
site location. 

“A” if the projection point is 1000 to 2000 feet above the site 
location. 

If the projection point is more than 2000 feet above or below 
the site location, get a new forecast or reading. 

11	 (Aspect)—Record the aspect of the projection point location 
(north, south, east, or west). 

12	 (Slope)—Record the slope in percent (%) at the project point. 
(See pages B-35 and B-36 for determining percent slope.) 

13	 (Fuel Moisture Correction)—From Input Values 7 through 12 
and the appropriate Daytime Correction Tables (Tables 3, 4, or 
5) determine fuel moisture correction. Record in percent. 

OUTPUT 

1	 (Fine Dead Fuel Moisture)—Determine the fine dead fuel 
moisture by adding Input Item 6 and Input Item 13. Record as 
a percent. 
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INPUT 3: Live Fuel Moisture (LFM), % 

Live fuel moisture (foliage moisture) is required for Fire Behavior 
Models 2, 4, 5, 7 and 10. If data are unavailable for estimating live 
fuel moisture, the following rough estimates (Table 6) can be used. 
Enter the live fuel moisture for Fire Models 2, 4, 5, 7 and 10 
as Input 3 on the Fire behavior Worksheet on page B-5. 
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INPUT 4: Midflame Windspeed (MFWS), mi/h 

Midflame wind is the wind which acts directly on the flaming fire 
front at the level of one half the flame height. Fire generated 
convective winds must be ignored. 

You may take wind readings directly with a handheld anemometer or 
other measuring device; however, the readings must be taken far 
enough upwind of the fire to ensure that the wind is not influenced 
by convective indrafts. 

If you choose to use a weather forecast to estimate windspeeds, you 
must determine whether the forecast is for 20-foot windspeeds or 
midflame windspeeds. 

When midflame winds are forecast, enter them directly in Input 4 of 
the Fire Behavior Worksheet. 

If the 20-foot winds are forecast (which they usually are), the 
midflame windspeed must be calculated. Use the Wind Adjustment 
Worksheet on page B-7 and complete the following Input and 
Output Values. 

Enter midflame windspeed as Output 1 on the Wind 
Adjustment Worksheet and as Input 4 on the Fire Behavior 
Worksheet on page B-5. 
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INPUT 

0	 (Projection Pint)—Record the number of the projection point 
for which a fire behavior prediction is to be made. 

1	 (20-foot Windspeed)—Enter the 20-foot windspeed provided 
in the Special Weather Forecast. 

2	 (Fuel Model Number)—Enter one of the 13 FBPS fuel models. 

3	 (Wind Sheltering)—Using Diagram 1 on page B-32, determine 
whether fuels are: 1) unsheltered, 2) partially sheltered, 3) 
fully sheltered (open) or 4) fully sheltered (closed). 

4	 (Wind Adjustment Factor)—Using Table 7 on page B-33, select 
the appropriate adjustment factor for the specific fuel and 
sheltering condition. 

OUTPUT 

1	 (Midflame Windspeed)—Multiply Input 1 x Input 4 on the 
Wind Adjustment Worksheet for the midflame windspeed. 

Remember, for basic point source predictions the wind 
should be blowing within + 30 degrees of upslope. 
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DIAGRAM 1: 20-Foot Windspeed Adjusted to Midflame 
Windspeed Based on Overstory 
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INPUT 5: Slope (SL), % 

Slope Determination Process 

To use the Slope Worksheet on page B-7 complete the following 
Input and Output Items. Enter slope as Output 1 on the Slope 
Worksheet and as Input 5 on the Fire Behavior Worksheet on 
page B-5. 

INPUT 

0	 (Projection Point)—Record the number of the projection point 
for which a fire behavior prediction is to be made. 

1	 (Contour Interval)—Determine the contour interval from the 
map; i.e., 40 ft. This is the elevation change between contour 
lines. 

2	 (Map Scale)—Determine the map scale; i.e., 1:24,000. This is 
the number of units on the map to ground distance in the same 
units; i.e., one inch on the map equals 24,000 inches on the 
ground. 

3	 (Conversion Factor)—Determine how many feet are in one inch 
of map distance; i.e., 1 inch = 2,000 ft. To determine this, 
measure the distance between section lines (east to west) in 
inches and tenths of an inch. Divide the number of feet in a 
mile (5,280) by the measured map distance for the mile in 
inches. 

Choose an area with uniform contour line separation. From the 
lowest point on the slope, Point A, draw a line up the slope 
with the contour lines intersecting at right angles, to Point B. 

4	 (# of Contour Intervals)—Count the number of contour 
interspaces crossed between Points A and B. 

5	 (Rise in Elevation)—Determine vertical change in elevation by 
counting the contour interspaces between Points A and B. 
Multiply by the contour interval (Input 1); i.e., 40 ft x 11 
contours = 440 ft. 
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6	 (Map Distance)—Measure horizontal distance with a ruler in 
inches to the tenth of an inch. 

7	 (Horizontal Ground Distance)—Multiply the Map Distance 
(Input 6) by the conversion factor (Input 3); i.e., 0.5 in x 2,000 
ft/in = 1,000 ft. 

OUTPUT 

1	 (Slope)—Calculate slope by dividing rise (Input 5) by run 
(Input 7) on the Slope Worksheet and multiplying by 100; i.e., 
rise (Input 5) divided by run (Input 7) x 100 or 440 ft divided 
by 1,000 ft x 100 = 44%. 

RISE Vertical Distance=	 x 100 = % Slope
RUN Horizontal Distance 

This table allows the selection of conversion factors for different 
map scales. 
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INPUT 6: Effective Windspeed (EWS), mi/h 

Effective windspeed is determined using the lower left quadrant of 
the nomogram of the fuel model being used. Enter slope (Input 5) on 
the horizontal axis, and the midflame windspeed (Input 4) from the 
Fire Behavior Worksheet on the right axis. 

Interpolation between the midflame windspeed line may be 
necessary.  Read the effective windspeed on the left side of the 
graph. Enter effective windspeed as Input 6 on the Fire 
Behavior Worksheet on page B-5. 
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FIRE BEHAVIOR OUTPUTS 

Determine the Fire Behavior Output Items (1-9) listed below 
and enter them on the Fire Behavior Worksheet on page B-5. 

OUTPUT 1: Rate of Spread (ROS), ch/h 

Using the upper right quadrant (left vertical axis) of the nomogram 
and input items recorded on the Fire Behavior Worksheet, determine 
rate of spread. Tables 15 through 78 can also be used to 
approximate rate of spread. 

OUTPUT 2:  Heat per Unit Area (HA), Btu/sq ft 

Using the upper right quadrant of the nomogram, determine heat per 
unit area from the lower axis. 

OUTPUT 3: Fireline Intensity (FLI), Btu/ft/s 

Using the upper right quadrant of the nomogram, determine fireline 
intensity along the curved lines. 

OUTPUT 4: Flame Length (FL), ft 

Using the upper right quadrant of the nomogram, determine the 
flame length along the curved lines. Flame length can also be 
approximated using Tables 15 through 78. 

OUTPUT 5: Spread Distance (SD), ch 

Rate of spread (Output 1) on the Fire Behavior Worksheet, 
multiplied by the hours in which a fire spreads at that rate, equals 
spread distance. Convert to map distance using the Map-Spread 
Worksheet as outlined on page 39. 
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Map-Spread Worksheet 

Use the Map-Spread Worksheet on page B-8 and complete the 
following Input and Output Items to determine map-spread 
distance. Enter the map-spread distance as Output 1 on the 
Map-Spread Worksheet and as Output 5 on the Fire Behavior 
Worksheet on page B-5. 

INPUT 

0 (Projection Point)—Record the number of the projection point 
for which a fire behavior prediction is to be made. 

1 (Rate of Spread)—Fire Behavior Worksheet, Output 1. 

2 (Projection Time)—Hours or part of an hour in which a fire has 
spread. 

3 (Spread Distance, ch)—Input 1 multiplied by Input 2. 

4 (Spread Distance, ft)—Input 3 multiplied by 66 ft/ch. 

5 (Map Scale)—Table 9 on page B-36. 

6 (Conversion Factor)—Table 9. 

OUTPUT
 

(Map Spread Distance)—Input 4 divided by Input 6.
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OUTPUT 6 and 7: Projected Fire Perimeter (PER), 
ch and Fire  Area (AC), ac 

Use the Size Worksheet on page B-8 and complete the following 
Input and Output Items to determine fire perimeter and area. Enter 
perimeter as Output 1 on the Size Worksheet and as Output 6 
on the Fire Behavior Worksheet on page B-5.  Enter area as 
Output 2 on the Size Worksheet and as Output 7 on the Fire 
Behavior Worksheet on page B-5. 

INPUT 

0 (Projection Point)—Record the number of the projection point 
for which a fire behavior prediction has been made. 

1 (Rate of Spread)—Output 1 from the Fire Behavior Worksheet. 

2 (Effective Windspeed)—Input 6 from the Fire Behavior 
Worksheet. 

3 (Projection Time)—The time in which a fire has spread. 

4 (Spread Distance)—Input 1 multiplied by Input 3. 

OUTPUT 

1	 (Perimeter)—From Table 10 using the spread distance (Input 4) 
and effective windspeed (Input 2) determine perimeter. 

2	 (Area)—From Table 11 using the spread distance (Input 4) and 
effective windspeed (Input 2) determine area (acres). 

B-40
 



B-41
 



B-42
 



This table can be used to estimate the perimeter of a fire in chains 
from estimates of total spread distance (rate of spread x time) and 
effective windspeed. When the effective windspeed is an even 
number or when spread distance is not broken out, estimations can be 
made or interpolation may be necessary. 

B-43
 



B-44
 



B-45
 



This table can be used to estimate the area (acres) from estimates of 
total spread distance (rate of spread x time) and effective windspeed. 
When the effective windspeed is an even number or when spread 
distance is not broken out, estimations can be made or interpolation 
may be necessary. 
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DIAGRAM 2—Approximate Fire Shapes for Various Effective 
Windspeeds 
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OUTPUT 8: Maximum Spotting Distance (SPOT), mi 

The Spotting Worksheet is used to predict the distance a 
firebrand will travel from the originating torching tree. It does 
not apply to firebrands resulting from a running crown fire, 
but may be considered as a first approximation in such 
situations. Use the Spotting Worksheet and Nomograms 1 
through 4 to determine Maximum Spotting Distance. Enter 
Maximum Spotting Distance on the Spotting Worksheet and 
as Output 8 on the Fire Behavior Worksheet on page B-5. 

INPUT 

1	 (Torching Tree Height)—Actual height of torching tree. 

2	 (Torching Tree Species)—When species is not provided, 
select species based on crown shape and knowledge of 
firebrand production. 

3	 (Torching Tree DBH)—Diameter at breast height. 

4	 (Average Tree Cover Height)—Estimate average tree 
cover height downwind from the torching tree. 

5	 (Windspeed at 20-foot Height)—Use the forecasted 20­
foot windspeed. When gusts are indicated, using the 
maximum gust would provide the worst case distance. 

OUTPUT 

(Maximum Spotting distance)—Enter maximum spotting 
distance on the Spotting Worksheet. 

Convert spotting distance to map distance using the Map-
Spot Worksheet as outlined on page B-49. 
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Map-Spot Worksheet 

Use the Map-Spot Worksheet on page B-9 and complete the 
following Input and Output Items to determine map-spot 
distance. Enter the map-spot distance as Output 1 on the 
Map-Spot Worksheet and under Output 8 on the Fire 
Behavior Worksheet on page B-5. 

INPUT 

0 (Projection Point)—Record the number of the projection 
point for which a fire behavior prediction is to be made. 

1 (Spotting Distance, mi)—Record the Output from the 
Spotting Worksheet. 

2 (Spotting Distance, ft)—Multiply mile distance in Input 1 
by 5,280 to obtain feet. 

3 (Map Scale)—Record the map scale taken from the map 
being used; e.g., 1:24,000. 

4 (Conversion Factor)—See Table 9 on page B-36 for 
correct conversion factor; e.g., 2000. 

OUTPUT 

1 (Map Distance Spot)—Input 2 divided by Input 4. 
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NOMOGRAM 1—Flame Height 

From Nomogram 1, determine flame height by using DBH and 
torching tree species. Enter flame height in Box B on the 
Spotting Worksheet. 
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NOMOGRAM 2—Flame Duration 

From Nomogram 2, determine flame duration by using DBH 
and tree species. Enter flame duration on the Spotting 
Worksheet. 
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NOMOGRAM 3—Ratio of Lofted Firebrand Height to
 
Flame Height
 

From Nomogram 3, determine ratio of lofted firebrand height to 
flame height. Use flame duration and ratio of tree height to 
flame height as inputs. Enter ratio of lofted firebrand height 
to flame height in Box C on the Spotting Worksheet. 
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NOMOGRAM 4—Maximum Spotting Distance 

On the lower right-hand edge of Nomogram 4, locate the 
firebrand height. Proceed vertically to the effective tree cover 
height. Move left horizontally until you reach the treetop 
windspeed; move vertically down to the bottom axis and read 
the maximum spotting distance. Enter the maximum spotting 
distance on the Spotting Worksheet. 
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OUTPUT 9: Probability of Ignition (PIG), % 

Use Table 12 on page B-55 and the dry bulb temperature 
(Input 2), shading (Input 8) and the fine dead fuel moisture 
(Output 1) from the Fine Dead Fuel Moisture/Probability of 
Ignition Worksheet to determine probability of ignition. 

Enter probability of ignition as Output 2 on the worksheet. 
Also record it as Output 9 on the Fire Behavior Worksheet 
on page B-5. 
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Interpretaion of Fire Behavior Information



DIAGRAM 3—Fire Behavior Characteristics Chart (Light Fuel) 
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DIAGRAM 4—Fire Behavior Characteristics Chart (Heavy Fuel) 
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TABLE 14—Fire Suppression Interpretations¹ 

CAUTION: These are not guides to personal safety.  Fires can be 
dangerous at any level of intensity.  Wilson (1977) has shown that 
most fatalities occur in light fuels on small fires or isolated sections 
of large fires. 

¹ Help in Making Fuel Management Decisions, 1975; Research 
Paper NC-112, USDA: Forest Service. 
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SAFETYAND FIRE BEHAVIOR 

•	 Probably the most important aspect of predicting fire behavior 
is to identify potentially dangerous fireline conditions. 

•	 Be alert to all potentially dangerous situations and 
communicate the danger to all affected personnel. 

•	 Know, remember, and use: 

–	 THE STANDARD ORDERS (Inside Cover) 

–	 THE 18 WATCHOUT SITUATIONS (Inside Cover) 

–	 THE FOUR COMMON DENOMINATORS OF FIRE 

BEHAVIOR ON TRAGEDY AND NEAR-MISS FIRES 
(Inside Cover) 

–	 DOWNHILL/INDIRECT LINE CONSTRUCTION 

GUIDELINES (Chapter 4) 

–	 THE 9 URBAN WILDLAND “WATCHOUTS” 

–	 LCES (LOOK OUTS, COMMUNICATIONS, ESCAPE 

ROUTES, AND SAFETY ZONES) 

–	 LOOK UP, LOOK DOWN, LOOK AROUND 
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FIRE ENVIRONMENT 
FACTORS INDICATORS 

Fuel Characteristics Continuous fine fuels CARRIER! 
Assess Heavy loading of dead and down 

Ladder Fuels 
Tight crown spacing (<20 ft.) 
Special Conditions: 

Firebrand sources 
Numerous snags 
Preheated canopy 
Frost and bug kill 
Unusual fine fuels 
High dead-to-live ratio 
Urban/Wildland 

Fuel Moisture Low RH (Dangerous <25%) 
Feel & Measure Low 10 hr FMC (Dangerous <6%) 

Drought conditions 
Seasonal drying 

Fuel Temperature High temps (above 85 °F) 
Feel & Measure High % of fuels with direct sun 

Aspect with increasing fuel temps. 

Terrain Steep slopes (>50%) 
Scout Chutes 

Saddles 
Narrow canyons 
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FIRE ENVIRONMENT 
FACTORS INDICATORS 

Wind	 Surface winds above 10 mi/h 
Observe	 Lenticular clouds 

High, fast moving clouds 
Approaching cold front 
Cumulonimbus development 
Sudden calm 
Battling winds 

Stability	 Clear visibility 
Observe	 Gusty winds and dust devils 

Cumulus clouds 
Castellatus clouds in the a.m. 
Smoke rises straight up 
Inversion beginning to lift 
Thermal belt 

Fire Behavior Leaning column 
Watch	 Sheared column 

Well developed column 
Trees torching 
Smoldering fires picking up 
Small firewhirls beginning 
Frequent spot fires 

Remember to Expect Diurnal Changes! 

•RH• •Winds• 
•Temperature• •Stability• 

• Indicators may vary in different regions and fuel types. 
• Ask questions in unfamiliar situations. 
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Tables 15 through 78—Rate of Spread and Flame Length Tables by 
Fuel Type and Percent Slope 

NOTE: Tables 15 through 78 for ROS and FL (Output Items 1
 
and 4) on the Fire Behavior Worksheet reflect slope classes 0, 30,
 
45, 60 and 90 percent. You may use the slope class closest to the
 
actual slope recorded (for Input Item 5) or interpolate between the
 
slope class.
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TABLE 40b:  FUEL MODEL 6—30% SLOPE 
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