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RESEARCH SUMMARY

This report presents photographic examples, tabula-
tions, and a similarity chart to assist fire behavior offi-
cers, fuel management specialists, and other field per-
sonnel in selecting a fuel model appropriate for a specific
field situation. Proper selection of a fuel model is a criti-
cal step in the mathematical modeling of fire behavior
and fire danger rating. This guide will facilitate the selec-
tion of the proper fire behavior fuel model and will allow
comparison with fire danger rating fuel models.

The 13 fire behavior fuel modeis are presented in 4 fuel
groups: grasslands, shrublands, timber, and slash. Each
group comprises three or more fuel models; two or more
photographs illustrate field situations relevant to each
fuel model. The 13 fire behavior fuel models are cross-
referenced to the 20 fuel models of the National Fire
Danger Rating System by means of a similarity chart.
Fire behavior fuel models and fire danger rating fuel
models, along with the fire-carrying features of the model
and its physical characteristics, are described in detail.
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INTRODUCTION

During the past two decades in the United States, the
USDA Forest Service has progressed from a fire danger
rating system comprising two fuel models (USDA 1964), to
nine models in 1972 (Deeming and others 1972), and to 20
models in 1978 (Deeming and others 1977). During this
time the prediction of fire behavior has become more
valuable for controlling fire and for assessing potential
fire damage to resources. A quantitative basis for rating
fire danger and predicting fire behavior became possible
with the development of mathematical fire behavior
models (Rothermel 1972). The mathematical models
require descriptions of fuel properties as inputs to calcu-
lations of fire danger indices or fire behavior potential.
The collections of fuel properties have become known as
fuel models and can be organized into four groups: grass,
shrub, timber, and slash. Fuel models for fire danger
rating have increased to 20 while fire behavior predic-
tions and applications have utilized the 13 fuel models
tabulated by Rothermel (1972) and Albini (1976). This
report is intended to aid the user in selecting a fuel
model for a specific area through the use of
photographic illustrations. A similarity chart allows the
user to relate the fire behavior fuel models to the fire
danger rating system fuel models. The chart also pro-
vides a means to associate the fire danger rating system
fuel models with a photographic representation of those
fuel types.

HOW FUEL MODELS ARE DESCRIBED

Fuels have been classified into four groups—grasses,
brush, timber, and slash. The differences in fire behavior
among these groups are basically related to the fuel load
and its distribution among the fuel particle size classes.
This can be illustrated by the shift in size class contain-
ing the maximum fraction of load when considering the
four fuel groups shown in figure 1. Notice that the frac-

Aids to Determining
Fuel Models
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Fire Behavior

tion of the total load in the less than Ys-inch (0.6-cm) size
class decreases as we go from grasses to slash. The
reverse is true for the 1- to 3-inch (2.5- to 7.6-cm) material.
In grasses, the entire fuel load may be herbaceous
material less than one-fourth inch (0.6 cm), but grass may
include up to 25 percent material between one-fourth and
1 inch (0.6 and 2.5 cm) and up to 10 percent material be-
tween 1 and 3 inches (2.5 cm and 7.6 cm). Each fuel
group has a range of fuel loads for each size class, with
maximum fuel load per size class approximately as
shown in figure 1.

Fue! load and depth are significant fuel properties for
predicting whether a fire will be ignited, its rate of
spread, and its intensity. The relationship of fuel load
and depth segregates the 13 fuel models into two distinc-
tive orientations, with two fuel groups in each (fig. 2).
Grasses and brush are vertically oriented fuel groups,
which rapidly increase in depth with increasing load.
Timber litter and slash are horizontally positioned and
slowly increase in depth as the load is increased. Obser-
vations of the location and positioning of fuels in the
field help one decide which fuel groups are represented.
Selection of a fuel model can be simplified if one recog-
nizes those features that distinguish one fuel group from
another.

The 13 fuel models (table 1) under consideration are
presented on page 92 of Albini’s (1976) paper, “Estimat-
ing Wildfire Behavior and Effects.” Each fuel model is
described by the fuel load and the ratio of surface area to
volume for each size class; the depth of the fuel bed in-
volved in the fire front; and fuel moisture, including that
at which fire will not spread, called the moisture of
extinction. The descriptions of the fuel models include
the total fuel load less than 3 inches (7.6 cm), dead fuel
load less than one-fourth inch (0.6 cm), live fuel load of
less than one-fourth inch (0.6 cm), and herbaceous
material and fuel depth used to compute the fire behavior
values given in the nomographs.
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Figure 2.—The four general fuel groups
10 20 30 40 50 are oriented in two basic directions: ver-
tically, as in grasses and shrubs, and
LOAD, TONS/ACRE horizontally, as in timber, litter, and slash.



Table 1.— Description of fuel models used in fire behavior as documented by Albini (1976)

Fuel loading Moisture of extinction
Fuel model Typical fuel complex 1hour 10 hours 100 hours Live Fuel bed depth dead fuels
Tons/acre Feet Percent
Grass and grass-dominated
1 Short grass (1 foot) 0.74 0.00 0.00 0.00 1.0 12
2 Timber (grass and understory) 2.00 1.00 .50 .50 1.0 15
3 Tall grass (2.5 feet) 3.01 .00 .00 .00 25 25
Chaparral and shrub fields
4 Chaparral (6 feet) 5.01 4.01 2.00 5.01 6.0 20
5 Brush (2 feet) 1.00 .50 .00 2.00 20 20
6 Dormant brush, hardwood slash 1.50 2.50 2.00 .00 25 25
7 Southern rough 1.13 1.87 1.50 37 25 40
Timber litter
8 Closed timber litter 1.50 1.00 2.50 0.00 0.2 30
9 Hardwood litter 2.92 .41 .15 .00 2 25
10 Timber (litter and understory) 3.01 2.00 5.01 2.00 1.0 25
Slash
11 Light logging slash 1.50 451 5.51 0.00 1.0 15
12 Medium logging slash 4.01 14.03 16.53 .00 23 20
13 Heavy logging slash 7.01 23.04 28.05 .00 3.0 25

The criteria for choosing a fuel model includes the fact
that the fire burns in the fuel stratum best conditioned to
support the fire. This means situations will occur where
one fuel model represents rate of spread most accurately
and another best depicts fire intensity. In other situ-
ations, two fuel conditions may exist, so the spread of
fire across the area must be weighted by the fraction of
the area occupied by each fuel. Fuel models are simply
tools to help the user realistically estimate fire behavior.
The user must maintain a flexible frame of mind and an
adaptive method of operating to totally utilize these aids.
For this reason, the fuel models are described in terms of
both expected fire behavior and vegetation.

The National Fire Danger Rating System (NFDRS)
depends upon an ordered set of weather records to
establish conditions of the day. These weather condi-
tions along with the 1978 NFDRS fuel models are used to

represent the day-to-day and seasonal trends in fire
danger. Modifications to the fuel models are possible by
changes in live/dead ratios, moisture content, fuel loads,
and drought influences by the large fuel effect on fire
danger. The 13 fuel models for fire behavior estimation
are for the severe period of the fire season when wildfires
pose greater control problems and impact on land re-
sources. Fire behavior predictions must utilize on-site
observations and short-term data extrapolated from
remote measurement stations. The field use situation
generally is one of stress and urgency. Therefore, the
selection options and modifications for fuel models are
limited to maintain a reasonably simple procedure to use
with fire behavior nomographs, moisture content adjust-
ment charts, and wind reduction procedures. The NFDRS
fuel models are part of a computer data processing
system that presently is not suited to real-time, in-the-
field prediction of fire behavior.



FUEL MODEL DESCRIPTIONS
Grass Group
Fire Behavior Fuel Model 1

Fire spread is governed by the fine, very porous, and
continuous herbaceous fuels that have cured or are
nearly cured. Fires are surface fires that move rapidly
through the 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
met the above area constraint. Annual and perennial
grasses are included in this fuel model. Refer to photo-
graphs 1, 2, and 3 for illustrations.

This fuel model correlates to 1978 NFDRS fuel models
A, L, and S.

Fuel model values for estimating fire behavior

Total fuel load, < 3-inch
dead and live, tons/acre 0.74

Dead fuel load, “-inch,
tons/acre 74

Live fuel load, foliage,
tons/acre

Fuel bed depth, feet 1.0

Photo 1. Western annual grasses such
as chealgrass, medusahead

ryegrass, and fescues.

Photo 2. Live oak savanna of the South-
west on the Coronado National
Forest.

Photo 3:  Open pine—grasslands on the
Lewis and Clark National

Forest



Fire Behavior Fuel Model 2

Fire spread is primarily through the fine herbaceous
fuels, either curing or dead. These are surface fires where
the herbaceous material, in addition to 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 to
two-thirds of the area may generally fit this model; such
stands may include clumps of fuels that generate higher
intensities and that may produce firebrands. Some
pinyon-juniper may be in this model. Photographs 4 and 5
illustrate possible field situations.

Photo 4. Open ponderosa pine stand
with annual grass understory.

Photo 5:  Scattered sage within grass-
lands on the Payette National

Forest.

This fuel model correlates to 1978 NFDRS fuel models
CandT.

Fuel model values for estimating fire behavior

Total fuel load, < 3-inch

dead and live, tons/acre 4.0
Dead fuel load, % inch,

tons/acre 2.0
Live fuel load, foliage,

tons/acre 0.5
Fuel bed depth, feet 1.0




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 influ-
ence of wind. Wind may drive fire into the upper heights
of the grass and across standing water. Stands are tall,
averaging about 3 feet (1 m), but considerable variation
may occur. Approximately one-third or more of the stand
is considered 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.

Refer to photographs 6, 7, and 8 for examples of fuels
fitting this model.
This fuel correlates to 1978 NFDRS fuel model N.

Fuel model values for estimating fire behavior

Total fuel load, < 3-inch
dead and live, tons/acre 3.0

Dead fuel load, Y-inch,

tons/acre 3.0
Live fuel load, foliage

tons/acre 0
Fuel bed depth, feet 25

Fires in the grass group fuel models exhibit some of
the faster rates of spread under similar weather condi-
tions. With a windspeed of 5 mi/h (8 km/h) and a moisture
content of 8 percent, representative rates of spread (ROS)
are as follows:

Rate of spread Flame length

Model Chains/hour Feet
1 78 4
2 35 6
3 104 12

As windspeed increases, model 1 will develop faster
rates of spread than model 3 due to fineness of the fuels,
fuel load, and depth relations.

Photo 6. Fountaingrass in Hawaii; note
the dead component.

Photo 7. Meadow foxtail in Oregon

prairie and meadowland.

Photo 8: Sawgrass “prairie” and

“strands” in the Everglades
National Park, Fla.



Shrub Group
Fire Behavior Fuel Model 4

Fire intensity and fast-spreading fires involve the foli-
age and live and dead fine woody material in the crowns
of a nearly continuous secondary overstory. Stands of
mature shrubs, 6 or more feet tall, such as California
mixed chaparral, the high pocosin along the east coast,
the pinebarrens of New Jersey, or the closed jack pine
stands of the north-central States are typical candidates.
Besides flammable foliage, dead woody material in the
stands significantly contributes to the fire intensity.
Height of stands qualifying for this model depends on
local conditions. A deep litter layer may also hamper sup-
pression efforts. Photographs 9, 10, 11, and 12 depict
examples fitting this fuel model.

This fuel model represents 1978 NFDRS fuel models B
and O; fire behavior estimates are more severe than ob-
tained by models B or O.

Fuel model values for estimating fire behavior

Total fuel load, < 3-inch

dead and live, tons/acre 13.0
Dead fuel load, Va-inch,

tons/acre 5.0
Live fuel load, foliage,

tons/acre 5.0
Fuel bed depth, feet 6.0

Photo 10. Chaparral composed of man-
zanita and chamise near the
Inaja Fire Memorial, Calif.

Photo 11. Pocosin shrub field composed
of species like fetterbush, gall-
berry, and the bays.

Photo 12. High shrub southern rough
with quantity of dead limb-
wood.

Photo 9.

Mixed chaparral of southern
California; note dead fuel com-
ponent in branchwood.




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 con-
tains little volatile material. Usually shrubs are short and
almost totally cover the area. Young, green stands with
no dead wood would qualify: laurel, vine maple, alder, or
even chaparral, manzanita, or chamise.

No 1978 NFDRS fuel model is represented, but model 5
can be considered as a second choice for NFDRS model
D or as a third choice for NFDRS model T. Photographs
13 and 14 show field examples of this type. Young green
stands may be up to 6 feet (2 m) high but have poor burn-
ing properties because of live-vegetation.

Fuel model values for estimating fire behavior

Total fuel load, < 3-inch

dead and live, tons/acre 35
Dead fuel load, Ya-inch,

tons/acre 1.0
Live fuel load, foliage,

tons/acre 2.0
Fuel bed depth, feet 2.0

Photo 13. Green, low shrub fields within
timber stands or without over-
story are typical. Example is
Douglas-fir-s nowberry habi-
tat type.

Photo 14. Regeneration shrublands after
fire or other disturbances have
a large green fuel component,
Sundance Fire, Pack River
Area, ldaho.



Fire Behavior Fuel Model 6

Fires carry through the shrub layer where the foliage is
more flammable than fuel model 5, but this requires
moderate winds, greater than 8 mi/h (13 km/h) at mid-
flame height. Fire will drop to the ground at low wind
speeds or at openings 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 be
considered include intermediate stands of chamise,
chaparral, oak brush, low pocosin, Alaskan spruce taiga,
and shrub tundra. Even hardwood slash that has cured
can be considered. Pinyon-juniper shrublands may be
represented but may overpredict rate of spread except at
high winds, like 20 mi/h (32 km/h) at the 20-foot level.

The 1978 NFDRS fuel models F and Q are represented
by this fuel model. It can be considered a second choice
for models T and D and a third choice for model S. Photo-
graphs 15, 16, 17, and 18 show situations encompassed
by this fuel model.

Fuel model values for estimating fire behavior

Total fuel load, < 3-inch

dead and live, tons/acre 6.0
Dead fuel load, V-inch,
tons/acre 1.5
Live fuel load, foliage,
tonsl/acre 0
Fuel bed depth, feet 25
Photo 17. Low pocosin shrub field in the

south.

Photo 18. Frost-killed Gambel Oak
foliage, less than 4 feet in
height, in Colorado.

Photo 15.  Pinyon-juniper
near Ely, Nev.; understory
mainly sage with some grass
intermixed.

Photo 16. Southern hardwood shrub with
pine slash residues.




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 flammability of live foliage and
other live material. Stands of shrubs are generally be-
tween 2 and 6 feet (0.6 and 1.8 m) high. Palmetto-gallberry
understory-pine overstory sites are typical and low
pocosins may be represented. Black spruce-shrub com-
binations in Alaska may also be represented.

This fuel model correlates with 1978 NFDRS model D
and can be a second choice for model Q. Photographs
19, 20, and 21 depict field situations for this model.

Fuel model values for estimating fire behavior

Total fuel load, < 3-inch

dead and live, tons/acre 49
Dead fuel load, Ya-inch,

tons/acre 1.1
Live fuel load, foliage,

tons/acre 0.4
Fuel bed depth, feet 25

The shrub group of fuel models has a wide range of
fire intensities and rates of spread. With winds of 5 mi/h
(8 km/h), fuel moisture content of 8 percent, and a live
fuel moisture content of 100 percent, the models have the
values:

Rate of spread Flame length

Model Chains/hour Feet
4 75 19
5 18 4
6 32 6
7 20 5

Photo 19. Southern rough with light to
moderate palmetto understory.

Photo 20. Southern rough with moderate
to heavy palmetto-gallberry
and other species.

Photo 21. Slash pine with gallberry, bay,
and other species of under-

story rough.



Timber Group
Fire Behavior Fuel Model 8

Slow-burning ground fires with low flame lengths are
generally the case, although the fire may encounter an
occasional “jackpot” or heavy fuel concentration that
can flare up. Only under severe weather conditions in-
volving high temperatures, low humidities, and high
winds do the fuels pose 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 occasionally twigs
because little undergrowth is present in the stand. Repre-
sentative conifer types are white pine, and lodgepole
pine, spruce, fir, and larch.

This model can be used for 1978 NFDRS fuel models H
and R. Photographs 22, 23, and 24 illustrate the situ-
ations representative of this fuel.

Photo 22. Surface litter fuels in western
hemlock stands of Oregon
and Washington.

Photo 23. Understory of inland Douglas-
fir has little fuel here to add
to dead-down litter load.

Photo 24. Closed stand of birch-aspen
with leaf litter compacted.

11

Fuel model values for estimating fire behavior

Total fuel load, < 3-inch,

dead and live, tons/acre 5.0
Dead fuel load, Y-inch,

tons/acre 15
Live fuel load, foliage,

tonsl/acre 0
Fuel bed depth, feet 0.2



Fire Behavior Fuel Model 9 NFDRS fuel models E, P, and U are represented by this

Fires run through the surface litter faster than model 8 model. It is also a second choice for models C and S.
and have longer flame height. Both long-needle conifer Some of the possible field situations fitting this model
stands and hardwood stands, especially the oak-hickory are shown in photographs 25, 26, and 27.
types, are typical. Fall fires in hardwoods are predictable,
but high winds will actually cause higher rates of spread Fuel model values for estimating fire behavior

than predicted because of spotting caused by rolling and

blowing leaves. Closed stands of long-needled pine like Tt T0el 16ad. < -indk

; : dead and live, tons/acre 3.5
ponderosa, Jeffrey, and red pines, or southern pine plan-
tations are grouped in this model. Concentrations of Dead fuel load, Ya-inch,
dead-down woody material will contribute to possible tons/acre 29

torching out of trees, spotting, and crowning.

Live fuel load, foliage,
tons/acre 0

Fuel bed depth, feet 0.2

Photo 25. Western Oregon white oak fall
litter; wind tumbled leaves
may cause short-range spot-
ting that may increase ROS
above the predicted value.

Photo 26. Loose hardwood litter under
stands of oak, hickory, maple
and other hardwood species of
the East.

Photo 27. Long-needle forest floor litter
in ponderosa pine stand near
Alberton, Mont.

12



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
(7.6-cm) 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 are more frequent in this fuel situation,
leading to potential fire control difficulties. Any forest
type may be considered if heavy down material is pres-
ent; examples are insect- or disease-ridden stands, wind-
thrown stands, overmature situations with deadfall, and
aged light thinning or partial-cut slash.

The 1978 NFDRS fuel model G is represented and is
depicted in photographs 28, 29, and 30.

Fuel model values for estimating fire behavior

Total fuel load, < 3-inch

dead and live, tons/acre 12.0
Dead fuel load, Ya-inch,

tons/acre 3.0
Live fuel load, foliage,

tons/acre 2.0
Fuel bed depth, feet 1.0

Photo 28. Old-growth Douglas-fir with
heavy ground fuels.

Photo 29. Mixed conifer stand with dead-
down woody fuels.

Photo 30. Spruce habitat type where
succession or natural distur-
bance can produce a heavy
downed fuel load.

The fire intensities and spread rates of these timber
litter fuel models are indicated by the following values
when the dead fuel moisture content is 8 percent, live
fuel moisture is 100 percent, and the effective windspeed
at midflame height is 5 mi/h (8 km/h):

Rate of spread Flame length

Model Chains/hour Feet
8 1.6 1.0
9 75 26
10 79 4.8

Fires such as above in model 10 are at the upper limit
of control by direct attack. More wind or drier conditions
could lead to an escaped fire.




Logging Slash Group The 1978 NFDRS fuel model K is represented by this

Fire Behavior Fuel Model 11 model and field examples are shown in photographs 31,
Fires are fairly active in the slash and herbaceous 32, and 33.

material intermixed with the slash. The spacing of the L .

rather light fuel load, shading from overstory, or the Fuel model values for estimating fire behavior

aging of the fine fuels can contribute to limiting the fire

: Total fuel load, < 3-inch
potential. Light partial cuts or thinning operations in

dead and live, tons/acre 11.5
mixed conifer stands, hardwood stands, and southern _
pine harvests are considered. Clearcut operations gen- Dead fuel load, ¥:-inch,
erally produce more slash than represented here. The tons/acre 1.5

less-than-3-inch (7.6-cm) material load is less than 12 tons
per acre (5.4 t/ha). The greater-than-3-inch (7.6-cm) is rep-
resented by not more than 10 pieces, 4 inches (10.2 cm)
in diameter, along a 50-foot (15-m) transect. Fuel bed depth, feet 1.0

Live fuel load, foliage,
tons/acre 0

Photo 31. Slash residues left after sky-
line logging in western
Montana.

Photo 32. Mixed conifer partial cut slash
residues may be similar to
closed timber with down
woody fuels.

Photo 33. Light logging residues with
patchy distribution seldom
can develop high intensities.

14



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 dominated by
slash and much of it is less than 3 inches (7.6 cm) in
diameter. The fuels total less than 35 tons per acre
(15.6 t/ha) and seem well distributed. Heavily thinned
conifer stands, clearcuts, and medium or heavy partial
cuts are represented. The material larger than 3 inches
(7.6 cm) is represented by encountering 11 pieces, 6
inches (15.2 cm) in diameter, along a 50-foot (15-m)
transect.

Photo 34. Ponderosa pine clearcut east
of Cascade mountain range in
Oregon and Washington.

Photo 35. Cedar-hemlock partial cut in
northern Idaho, Region 1,
USFS.

Photo 36. Lodgepole pine thinning slash
on Lewis and Clark National
Forest. Red slash condition
increases classification from
light to medium.

This model depicts 1978 NFDRS model J and may
overrate slash areas when the needles have dropped and
the limbwood has settled. However, in areas where limb-
wood breakup and general weathering have started, the
fire potential can increase. Field situations are presented
in photographs 34, 35, and 36.

Fuel model values for estimating fire behavior

Total fuel load, < 3-inch

dead and live, tons/acre 34.6
Dead fuel load, %-inch,

tons/acre 4.0
Live fuel load, foliage,

tons/acre 0
Fuel bed depth, feet 2.3






