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Introduction and purpose

Fire behavior modeling is useful for planning and evaluating fuels and post-fire restoration treatments aimed at breaking the
grass-fire cycle currently plaguing many arid and semi-arid habitats, globally. Additionally, existing fuels and active wildfire
management planning tools, such as the Interagency Fuel Treatment Decision Support System and Wildland Fire Decision
Support System (iftdss.firenet.gov and wfdss.usgs.gov, respectively) utilize fire behavior modeling to inform treatment
Blacement and support active wildfire suppression. Modeling efforts, however, require fuel bed inputs such as fuel loading,

ulk density, heat content, and moisture of extinction. Conveniently, these fuel-bed inputs have been assembled into libraries
of fire behavior fuel models (FBFMs; Anderson 1982, Scott and Burgan 2005), which allow practitioners to quickly characterize
potential fire behavior for a wide range of site conditions and ecosystems using photo guides. Available photo guides for fuel
model libraries, however, span the entirety of the U.S. which can lead to some user difficulty owing to regional nuances in fuel
characteristics and expected fire behavior.

Here we Erovide a photo guide for use in classifying FBFMs from the Scott and Burgan (2005) library that are common to the
sagebrush steppe of the American west. The goal of this guide is to enable the quick and easy classification of fuel models in
sagebrush steppe to, A) enhance the mapping of fuel beds in an increasingl}y fire prone region, B) guide the evaluation of fuel
and Post-fire restoration treatments, and C) improve our understanding of fuel conditions during times of the year when
wildfire preparedness is greatest (i.e. hot and dry).

Photos and physical measurements were collected as Rart of greater monitoring efforts evaluating pre- and post-fire
landscapes throughout the Snake River Plain and Northern Great Basin ecoregions of southern Idaho. The deveIoFment of this
photo guide relied heavily on input from experts in the Bureau of Land Management with experience in both fuels
management and active wildfire suppression in sagebrush-steppe ecosystems.

There are at least two existing photo guides for vegetative fuels in sagebrush steppe, however, these guides do not relate fuel
conditions to standard fire behavior fuel models as done here (Bourne and Bunting 2011, Shinneman et al. 2018). Instead,
these previously published photo guides relate the depicted plant community conditions to various important fuel metrics
including fuel loading, fuel bulk densit¥, and cover based on geographically dispersed, detailed sampling within the SageSTEP
project FBourne and Bunting 2011) or from the Snake River Birds of Prey National Conservation Area (Shinneman et al. 2018).

Recommended citation: Price, S.J., Kluender, C.R., Germino, M.J., Jimenez, S., Zarifis, T., Okeson, L., 2024. Field guide for
classifying standard fire behavior fuel models in sagebrush steppe. https://greatbasinfirescience.org/.



Considerations when using this field guide

* Fuel model classifications reflect expert opinions as to the likely fire behavior expected
given the foreground of each photograph.

* Fuels monitoring should take place at or near when yearly peak fuel biomass occurs
(see Bates et al. 2023 for an example of phenological guidance).

* Fuel bed characterizations made in this field guide reflect hot and dry conditions from
times in the year when wildfire preparedness is at its greatest.

* Fuel model classifications are made without consideration for slope or aspect.

* Organization: Each Fuel-Bed Fire Model (FBFM) relevant to sagebrush steppe is
described and followed by 3 to 7 examples of different plant communities that align
with the FBFM. The text accompanying each photo explains the condition of the
vegetative fuels and rationale for assigning the community to the respective FBFM.

* Miscellaneous information:

* Acronyms: PG = large statured perennial grasses (does not include Poa secunda).

* Large statured perennial grasses (PG) in sagebrush steppe tend to be deeper rooted, longer lived and actively
Frow through a greater portion of the year than species such as Poa secunda, which are shallow rooted, short
ived, and enter dormancy earlier in the growing season.

e Bare soil does not include rocks.
 The dominant annual grass was Bromus tectorum.




Tips for visually classifying fuel beds

* Size and shape of fuels
* Consider the texture and height of fuels.

* Fine-texture fuels are readily ignited but generate less energy when combusting. Coarse-texture fuels require
more energy to ignite but are capable of emitting more energy than fine-textured fuels.

* Short fuels cast a small flame which ineffectively pre-heats fuels ahead of the flaming front. Tall fuels are
capable of casting large flames which more effectively pre-heats fuels.

* Compactness and arrangement of fuels

e Consider how fuel height and biomass interact to affect ignitability and energy transmission.

* Dense fuel beds (i.e. short fuels with a lot of biomass) can require more energy from the flaming front to ignite
relative to diffuse fuel beds. Upon ignition these fuel beds can emit large amounts of energy.

e Diffuse fuel beds ﬁiﬂ.e. tall with not a lot of biomass) may be readily ignitable, however, upon ignition are not
likely to emit much energy.

* Fuel connectivity

* Fuel connectivity greatly effects wildfire rates of spread (i.e. how fast the fire is able to consume
and ignite adjacent unburnt fuels).

* The presence of breaks in fuel connectivity allows for the entrainment of cold air. This reduces the efficacy of
convective heat transfer near the flaming front and thus reduces rates of fire spread.

» Alternatively, dense fuel canopies can inhibit the mixing of air near the flaming front, thus limiting the
entrainment of oxygen (a necessary component for sustained combustion).



The primary carrier of fire in the GR fuel models is grass.

All GR fuel models are dynamic, meaning that their live herbaceous fuel load will shift from live to dead as a function
of live herbaceous fuel moisture content. The effect of live herbaceous fuel moisture content is strong.

GR1 - short, sparse, dry-climate grassland
GR2 - low load, dry climate grass

GR4 - moderate load, dry climate grass
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 The GR1 fuel model is the least vegetated with the sparsest fuel loading and lowest expected fire behavior of all
available fuel models from the Scott and Burgan (2005) dataset.

* In GR1, the dominant fuels contributing to wildfire behavior are short and/or very sparse grasses with bare ground
present. If perennial-grass dominated, fuels are ~30 cm tall with large interspaces dominated by bare ground.
Perennial grass canopies overlap very little or not at all. If annual-grass dominated, fuels are < 30 cm tall and bare
ground is present either between individuals (i.e. low-density annuals) or in large patches.
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GR1: Example 1

Shrub fuels are sparse with
considerable distance
between individuals, such that
they are unlikely to contribute
to wildfire spread.

Surface fuels dominated by
annual grasses and scattered
forbs. Herbaceous fuels are
short (< 30 cm) and patchy.

Considerable bare ground
present.

Shrub cover: 7.5%

PG cover: 2.5%

Annual grass cover: 25%
Bare soil cover: 12.5%




GR1: Example 2

Shrub fuels are short and
sparse with considerable
distance between individuals,
such that they are unlikely to
contribute to wildfire spread.

Large-statured perennial
grasses appear to have been
grazed. There is little to no
canopy connectivity between
perennial grasses. Interspaces
dominated by short (< 30 cm),
low density annual grasses
with some patchy bare soil.

Shrub cover: 7.5%

PG cover: 17.5%

Annual grass cover: 25%
Bare soil cover: 5%




GR1: Example 3

Shrub fuels are short and
sparse with considerable
distance between individuals,
such that they are unlikely to
contribute to wildfire spread.

Fuel bed dominated by Poa
secunda and short-statured
forbs, such as Blepharipappus

scaber in this particular
example. Bare ground present
in patches.

Shrub cover: 5%

PG cover: 7.5%

Annual grass cover: 12.5%
Bare soil cover: 7.5%




GR1: Example 4

Large-statured perennial
grasses are ~ 30 cm tall and
lack overlapping canopies.
Interspaces dominated by a
mix of short-statured Poa
secunda and Phlox spp. Annual
grasses are present but
patchy.

Shrub cover: 0%

PG cover:17.5%

Annual grass cover: 15%
Bare soil cover: 7.5%




GR1: Example 5

Large-statured perennial
grasses are 30-60 cm tall but
have little to no canopy
overlap. Large interspaces
dominated by bare soil are
abundant.

38536817 N
-11L§S36813 W

Shrub cover: 7.5%

PG cover: 27.5%

Annual grass cover: 7.5%
Bare soil cover: 17.5%




GR1

Large-statured perennial grass
species are 30-60 cm tall but
have low canopy connectivity.

In the foreground, interspaces
are dominated by bare soil.
Short annual grasses (< 30 cm
tall) are present, but very
patchy.

Shrub cover: 2.5%

PG cover: 27.5%

Annual grass cover: 12.5%
Bare soil cover: 7.5%




Rate of Spread (ch/h)

* Relative to GR1, fuel loads and connectivity are greater in GR2. Dominant fuels are > 30 cm tall but < 60 cm
tall. This fuel bed likely consists of combinations of annual grasses, perennial grasses, and herbaceous litter.
Bare ground is present, but much reduced relative to GR1.
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GR2: Example 1

Large-statured perennial
grasses are 30-60 cm tall with
moderate canopy connectivity.

Interspaces are dominated by
herbaceous litter with some
bare ground.

Shrub cover: 7.5%

PG cover: 27.5%

Annual grass cover: 17.5%
Bare soil cover: 2.5%




GR2: Example 2

Large statured perennial
grasses are < 30 cm tall and
sparse. Bare soil is evident
around perennial grasses.

Remaining fuel bed is
dominated by short (< 30 cm
tall) annual grasses.

Shrub cover: 0%

PG cover: 17.5%

Annual grass cover: 37.5%
Bare soil cover: 2.5%
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GR2: Example 3

Large statured perennial grasses
(Sporobolus cryptandrus) are
moderately dense and 30-60 cm
tall. Interspaces dominated by
short (< 30 cm tall) annual
grasses. Bare soil is minimal.

Shrub cover: 0%

PG cover: 25%

Annual grass cover: 37.5%
Bare soil cover: 2.5%




GR2: Example 4

Fuel bed dominated by 30-60
cm tall annual grasses with
very little bare soil exposure.
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GR2: Example 5

Large-statured perennial
grasses are 30-60 cm tall, and
interspaces dominated by 30-
60 cm tall annual grasses.
There is very little bare soil
exposure.

Shrub cover: 2.5%

PG cover: 27.5%

Annual grass cover: 22.5%
Bare soil cover: 2.5%




GR2: Example 6

Large statured perennial
grasses (Leymus cinereus) in
this photo are tall (> 60 cm)
but sparse. Interspaces
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GR2: Example 7

Large statured perennial
grasses are 30-60 cm tall but
sparse. Interspaces are
dominated by annual grasses
with some Poa secunda. Bare
soil exposure is minimal.

Shrub cover: 0%

PG cover: 17.5%

Annual grass cover: 27.5%
Bare soil cover: 2.5%
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Rate of Spread (ch/h)

* Relative to GR1 and GR2, fire spread is much greater due to increased height of fuels and near continuous
herbaceous canopy. Bare ground is minimal to none. Fuels are 60-90 cm tall.
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GR4: Example 1

Annual grasses are tall (60-90
cm) and continuous.

Shrub cover: 0%

PG cover: 2.5%

Annual grass cover: 65%
Bare soil cover: 2.5%







GR4: Example 3

Perennial grasses are tall (60-
90 cm) and continuous.

Shrub cover: 0%

PG cover: 65%

Annual grass cover: 2.5%
Bare soil cover: 2.5%




GR4: Example 4

Annual grasses are tall (60-90
cm) and continuous.

Shrub cover: 0%

PG cover: 12.5%

Annual grass cover: 55%
Bare soil cover: 7.5%




Rate of Spread (ch/h)

The primary carrier of wildfire in the GS fuel models is the combination of grasses and shrubs.

All GS fuel models are dynamic, meaning that their live herbaceous fuel load will shift from live to dead as a
function of live herbaceous fuel moisture content. The effect of live herbaceous fuel moisture content on
rates of spread and reaction intensity are dependent on the relative amount of grass to shrub fuels.

GS1 - low load, dry climate grass-shrub

GS2 - moderate load, dry climate grass-shrub
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Rate of Spread (ch/h)
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* Dispersed, short shrubs (30-60 cm) with grass fuels present in the interspaces. Grass fuel loading is low to

moderate.
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GS1: Example 1

Shrubs are 30-60 cm tall.
Interspaces between shrubs
dominated by tall annual
grasses.

Shrub cover: 37.5%

PG cover: 0.5%

Annual grass cover: 45%
Bare soil cover: 3%




GS1: Example 2 , CRMO_31_18

Shrubs are 30-60 cm tall.

Interspaces between shrubs & o
dominated by a mix of ~¥ 30 cm |
tall perennial grasses and < 30 N N
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GS1: Example 3

Shrubs are 30-60 cm tall with
low-moderate canopy
connectivity. Interspaces
between shrubs dominated by
~30 cm tall perennial grasses.
Some bare ground and annual
grasses are present as well.

Shrub cover: 32.5%

PG cover: 12.5%
Annual grass cover: 3%
Bare soil cover: 27.5%

CRMO_10_185



* Relative to GS1, shrubs are taller (60-90 cm tall), and grass fuel loading is greater.
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GS2: Example 1

Shrubs are 60-90 cm tall with
moderate to high canopy
connectivity.

Gaps between shrubs
dominated by30-60 cm tall
perennial grasses and shrub
litte

Some annual grasses present.

Bare soil limited to an animal
trail running through the
middle of the photo.

Shrub cover: 55%

PG cover: 27.5%

Annual grass cover: 12.5%
Bare soil cover: 2.5%




GS2: Example 2

Shrubs are ~30-90 cm tall with
moderate canopy overlap.

Interspaces dominated by a
mix of 30-60 cm tall large
statured perennial grasses and
annual grasses.

Shrub cover: 32.5%

PG cover: 22.5%

Annual grass cover: 27.5%
Bare soil cover: 0.5%




GS2: Example 3 GRTE_197

Shrubs are ~60-90 cm tall. 1 7
Interspaces between

shrubs are dominated by

30-60 cm tall perennial

grasses.

Shrub cover: 45% : L A SEEGERN YRy , ' L )

PG cover: 65%
Annual grass cover: 0%
Bare soil cover: 3%



GS2: Example 4

Shrubs are 60-90 cm tall.
Interspaces dominated by a
mix of tall annual grasses and
large statured perennial
grasses.

Shrub cover: 22.5%

PG cover: 12.5%

Annual grass cover: 37.59%
Bare soil cover: 39

ey
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GS2: Example 5

\
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Shrubs are 60-90 cm tall with
moderate canopy overlap.

Interspaces dominated by 30-
60 cm tall perennial grasses.

Shrub cover: 65%

PG cover: 32.5%
Annual grass cover: 0%
Bare soil cover: 3%




The primary carrier of wildfire in the SH fuel models is live and dead shrub material, including foliage and

shrub litter.

SH1 - Low load, dry climate shrub

SH1 is a dynamic fuel model. The effect of live herbaceous moisture content will have a strong effect on rate of spread.

SH2 - Moderate load, dry climate shrub

SH5 - High load, dry climate shrub
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* Short shrubs (30-60 cm tall) with low to moderate canopy connectivity. Small amounts of herbaceous fuels
may be present in the understory. Interspaces between shrubs dominated by bare ground. Does not readily

pass fire.
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SH1 : Example 1
Shrubs are 30-60 cm tall with
some canopy connectivity.

Large gaps between shrubs
consist of short statured Poa
secunda and bare soil.

Large statured perennial
grasses are 30-60 cm tall but
very sparsely arranged.

Shrub cover: 22.5%

PG cover: 7.5%

Annual grass cover: 0%
Bare soil cover: 15%




SH1: Example 2

Shrubs are abundant;
however, they are very short
(~ 30 cm) and bare ground
exposure is considerable.

Shrub cover: 55%

PG cover: 2.5%

Annual grass cover: 0%
Bare soil cover: 15%




SH1: Example 3

Shrubs are ~30-60 cm tall with
moderate canopy connectivity.

Large gaps between shrubs
consist of short statured Poa
secunda and bare soil.

Large statured perennial
grasses are 30-60 cm tall but
sparse.

Shrub cover: 22.5%

PG cover: 12.5%

Annual grass cover: 7.5%
Bare soil cover: 22.5%

Rz



SH1: Example 4

Shrubs are ~60 cm tall with
moderate canopy connectivity.

Large gaps between shrubs
consist of short statured Poa
secunda and bare soil.

Large statured perennial
grasses are ~ 30-60 cm tall but
sparse.

Shrub cover: 27.5%

PG cover: 12.5%

Annual grass cover: 2.5%
Bare soil cover: 7.5%




SH1: Example 5

Shrubs are 30-60 cm tall with
moderate canopy connectivity.

Interspaces between shrubs
consist mostly of bare soil.

Large statured perennial
grasses are 30-60 cm tall but
sparse.

Shrub cover: 32.5%

PG cover: 12.5%

Annual grass cover: 2.5%
Bare soil cover: 12.5%




SH1: Example 6

Shrubs are ~60 cm tall with
moderate canopy connectivity.

Large gaps between shrubs
consist mostly of short
statured Poa secunda and
bare soil.

Large statured perennial
grasses are 30-60 cm tall but
sparse.

Shrub cover: 27.5%

PG cover: 12.5%

Annual grass cover: 2.5%
Bare soil cover: 12.5%




SH1: Example 7

Shrubs are ~ 60 cm tall with
moderate canopy connectivity.

Interspaces between shrubs
have some grass fuels present
but are largely dominated by
bare soil and shrub litter.

Shrub cover: 37.5%

PG cover: 12.5%

Annual grass cover: 2.5%
Bare soil cover: 12.5%




 Relative to SH1, shrubs are taller (60-120 cm), canopy connectivity
greater, capacity to support fire spread greater (but not by much).
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SH2: Example 1

Shrubs are 60-120 cm tall with
considerable canopy overlap.
Understory consists of sparse
Herbaceous fuels, bare
ground, and shrub litter.

Shrub cover: 65%

PG cover: 17.5%
Annual grass cover: 0%
Bare soil cover: 7.5%




SH2: Example 2

Shrubs are 60-120 cm tall with
considerable canopy overlap.

Grass fuels and bare ground
are sparse. Understory
dominated by shrub litter.

Shrub cover: 75%

PG cover: 3%

Annual grass cover: 2.5%
Bare soil cover: 17.5%




SH2: Example 3 CRMO_34 8
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Shrubs are 60-120 cm tall with £ 3 3 R o T oy TR ._,

considerable canopy overlap.
Herbaceous fuels are sparse. |
Understory dominated by bare s
ground and shrub litter.

Shrub cover: 65%

PG cover: 3%

Annual grass cover: 0.5%
Bare soil cover: 12.5%



Rate of Spread (ch/h)

Tall shrubs (> 120 cm) with high canopy connectivity and moderate to high amounts of shrub and herb litter
in the understory. These fuel beds will be extremely difficult to walk through.

)
3

n
8

2

8

3

Midflame Wind Speed (mi/h)

Flame Length (ft)

Midflame Wind Speed (mi/h)

Figures: Expected fire
behavior of each of the
FBFMs described by
Scott and Burgan (2005;
reproduced here) as
modeled by the fire
simulation software
“Behave+”. -



SH5: Example 1 _ CIRO_6_8

Shrubs are > 120 cm tall with
considerable canopy overlap.
Understory consist of short
herbaceous fuels.

Shrub cover: 459

PG cover: 7.5%

EAG cover: 12.5%
Bare soil cover: 7.5%




SH5: Example 2

Shrubs are >120 cm tall and
dense. Understory consist of
short (< 30 cm), annual
grasses.

Shrub cover: 45%

PG cover: 3%

Annual grass cover: 12.5%
Bare soil cover: 3%

CRMO_29 23




Example 3

SH5

Shrubs are > 120 cm tall and

©
Q
+—
©
(e

Understory dom

by shrub |

dense

tter.

65%

Shrub cover

5%

0
Annual grass cover
Bare soil cover

PG cover

0%

1%



SH5: Example 4 " ClRO 3 11

Shrubs are > 120 cm tall with
considerable canopy overlap.
Understory consist of sparse
perennial grasses and shrub
litter.

Shrub cover: 65%

PG cover: 12.5%
Annual grass cover: 0% Bl TRVE
Bare soil cover: 17.5% o IR Yy
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