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Introduction to Wildland Fire Management .

* What is Fuel

* Fuel Properties

« Fuel Strata

* Fuel Models

FOR 274: Forest Measurements and
Inventory
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“All the vegetation cover, whether living or
dead, that is capable of being burned under
certain conditions.”

il Fuel Terminology (Byram 1959/Davis 1974):

| Total Fuel — The quantity of fuel that would
i burn under the most extreme (dry and high
% wind) conditions with the highest-intensity fire
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Be Careful: In recent years, the term
“Available Fuel” has been used incorrectly!

Fire Intensity = Hwr

In this well used model, w = available fuel = fuel that
was combusted.
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: Measurement of Fuel Properties

SRl The main properties of fuels that we often
B measure include:

8l Intrinsic properties: These refer to the properties of the
4 specific plant parts and include:

fuel chemistry, density, and heat content (Lab analysis)
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: Measurement of Fuel Properties

Fuel

Measuring Fuel Moisture Content:
"4.-._ 1- 1000 hour fuel moisture content are in general measured by
4 clipping representative samples just prior to a fire.

| Typically fuel moisture calculations are
oven dried for 24-48 hours at ~70°C

Figurs 3,18, . waighed, diried, .
mine maisiure content. Pucss by Mislanks Miar, From Norum and Mdler (1984)

- fuse-h EL s Pyne et al (Intro. Wildland Fire) Chapter 3
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: Measurement of Fuel Properties

Fuel

; Measuring Fuel Moisture Content:

moisture content =

et weight — dry weight) / dry weight

|| Important: Weigh the “dry” samples as
quickly as possible as they will absorb
moisture from the air

Pyne et al (Intro. Wildland Fire) Chapter 3

Nt . y
: Measurement of Fuel Properties

Fuel Moisture Content Sources of Error:

moisture content =

et weight — dry weight) / dry weight

Sources of Error can Include:

« Water added from other
sources (rain)

« Wind blowing on the
weighing scales

« Failure to tare the scale

| + Mistakes!

Figurs 3,18, . waighed, diried, .
mine maisiure content. Pucss by Mislanks Miar, From Norum and Mdler (1984)

Pyne et al (Intro. Wildland Fire) Chapter 3
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Fuel: Measurement of Fuel Properties

4 1-10hr Dead Fuels (0-17):

« Select samples that are representative in terms of decay

M (snags or in litter)

T

« Remove lichen or moss

100 hr Dead Fuels (1-3"):

« Select a sound unburied and unconnected branch that already
f has bark that comes off freely and collect %" cookies

#1000 hr Dead Fuels (3" + duff):

« Select logs between 3-8” and collect %2” cookies from at least 6”
away from the end of the logs
i ';!‘1 ! T
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Fuel: Measurement of Fuel Properties

Relative
humidity
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and dew
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Figure 3.12. Factors infl ing moisture ge in wil d fuels.
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Fuel: Measurement of Fuel Properties

devices shows a frequency that changes with the moisture
content of the sample. Air is 40 MHz.

5.288 +5.905 * freq - 0.412 * freq 2

Volumetric Water Content =
_ a o
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Fuel: Measurement of Fuel Properties
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Steps:
LERYRR Y 2y 4 « Sample twigs and foliage
I V¢ Y « Remove flowers, seeds,

berries, and dead material

A4(A4 %“5 * Represent older and
e e . newer growth

b o [ 3 .
I: Measurement of Fuel Properties

b Flammability is defined as the ease of something to ignite
! and combust.

f - Ignitability (the time it takes for ignition and ignition
&8 from one plant to the next)

- Sustainability (how well a fire will continue to burn after
ignition and thus the rate of spread to the fire front)

- Consumability (the speed at which a fire burns) and the
% of mass or volume consumed by the fire. This is
related to the fire intensity.

Flammability is dependent on moisture content,
cellulose, lignin content, presence of volatiles, leaf
thickness, surface area to volume ratio, particle size, and
many more.

Anderson (1970) and Martin et al (2004)
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Fuel: Measurement of Fuel Properties

¥ Flammability is defined as the ease of something to ignite
! and combust.
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‘Fuel Strata: Example Classifications

Fuelbed strata Categories Sandberg et al (2001)
| g [ o
canooy E
stratum Canopy Snag Other aeral faels
Skrub

—straium

The “fuels complex” is the amount and arrangement of
all the fuel across all the stratums
T

Changes to the fuel complex can occur over multiple
siranf time scales: Diurnal, seasonal, annual, successional

Adisturbance can cause an abrupt change.
stratum

Duff Basal accumulation
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Fuel Classification: Fuel Models

The ability to generalize the quantity and distribution of fuel in a
stand is essential for fire behavior modeling. The challenge is the
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high variability in the shape, abundance, and arrangement.

Fuel models were developed to
capture the broad generalities in the
surface fuels as fire behavior rate of
spread equations typically only use
these fuels.

Fuel models seek to generalize the
surface fuels by the total fuel load,
fuel bed depth, moisture content and
the distribution of fuel across the
different available sizes.

8 Pyne et al (Intro. Wildland Fire) Chapter 3

Fuel Classification: The 13 and the 40 ...

Using fuel models you can model fire spread without a detailed field
inventory. The 13 and 40 fuel models are interchangeable.
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The 13 fuel models are generally described into 4 groups: grasses,
brush, timber, and slash

Anderson (1982) from Albini 1976
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Fuel Classification: The 13 and the 40 ...

@ When using these models it is important to understand that the
selection of a given model should be driven by your visual

assessment (and experience!) of the fuels and how the fire spreads.

The reported fuel loading numbers (on
the next few pages) are only for a general
understanding and should not be used to
decide on which fuel model to use.

Anderson (1982) from Albini 1976




Fuel Classification: Grasses

Fire Behavior Fuel Model 1: Fine and continuous herbaceous fuels
Total Fuel Load: 0.74 tons/acre Live Foliage Load: 0.0 tons/acre
Dead Fuel Load: 0.74 tons/acre Fuel Bed Depth: 1.0 feet

Anderson (1982) from Albini 1976

Fuel Classification: Grasses

Fire Behavior Fuel Model 2: Herbaceous and surface litter fuels
Total Fuel Load: 4.0 tons/acre Live Foliage Load: 0.5 tons/acre
Dead Fuel Load: 2.0 tons/acre Fuel Bed Depth: 1.0 feet

‘ Anderson (1982) from Albini 1976

Fuel Classification: Grasses

Fire Behavior Fuel Model 3: Tall and open grass stands at risk of high winds
Total Fuel Load: 3.0 tons/acre Live Foliage Load: 0.0 tons/acre
Dead Fuel Load: 3.0 tons/acre Fuel Bed Depth: 2.5 feet

Anderson (1982) from Albini 1976
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Fuel Classification: Shrubs

Fire Behavior Fuel Model 4: Nearly continuous secondary overstorey
Total Fuel Load: 13.0 tons/acre Live Foliage Load: 5.0 tons/acre
Dead Fuel Load: 5.0 tons/acre Fuel Bed Depth: 6.0 feet

Anderson (1982) from Albini 1976

Fuel Classification: Shrubs

Fire Behavior Fuel Model 5: Litter grass and forbs with short shrubs
Total Fuel Load: 3.5 tons/acre Live Foliage Load: 2.0 tons/acre
Dead Fuel Load: 1.0 tons/acre Fuel Bed Depth: 2.0 feet

£

‘ Anderson (1982) from Albini 1976'

Fuel Classification: Shrubs

Fire Behavior Fuel Model 6: Flammable shrub foliage (needs moderate winds)
Total Fuel Load: 6.0 tons/acre Live Foliage Load: 0.0 tons/acre
Dead Fuel Load: 1.5 tons/acre Fuel Bed Depth: 2.5 feet

W
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Fuel Classification: Shrubs

Fire Behavior Fuel Model 7: Surface and shrub strata burn with equal ease
Total Fuel Load: 4.9 tons/acre Live Foliage Load: 0.4 tons/acre
Dead Fuel Load: 1.1 tons/acre Fuel Bed Depth: 2.5 feet

Anderson (1982) from Albini 1976

‘Fuel Classification: Timber

Fire Behavior Fuel Model 8: Slow moving ground fires — need severe weather
Total Fuel Load: 5.0 tons/acre Live Foliage Load: 0.0 tons/acre
Dead Fuel Load: 1.5 tons/acre Fuel Bed Depth: 0.2 feet
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Anderson (1982) from Albini 1976

Fuel Classification: Timber

Fire Behavior Fuel Model 9: Faster moving ground fires and some torching
Total Fuel Load: 3.5 tons/acre Live Foliage Load: 0.0 tons/acre
Dead Fuel Load: 2.9 tons/acre Fuel Bed Depth: 0.2 feet

Anderson (1982) from Albini 1976

10



‘Fuel Classification: Timber

Fire Behavior Fuel Model 10: High intensity surface and ground fires
Total Fuel Load: 12.0 tons/acre Live Foliage Load: 2.0 tons/acre
Dead Fuel Load: 3.0 tons/acre Fuel Bed Depth: 1.0 feet

T e N
| Anderson (1982) from Albini 1976
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Fuel Classification: Logging Slash

Fire Behavior Fuel Model 11: Fires active in slash and herbaceous fuels
Total Fuel Load: 11.5 tons/acre Live Foliage Load: 0.0 tons/acre
Dead Fuel Load: 1.5 tons/acre Fuel Bed Depth: 1.0 feet

‘ Anderson (1982) from Albini 1976

Fuel Classification: Logging Slash

Fire Behavior Fuel Model 12: Rapid high intensity fires
Total Fuel Load: 34.6 tons/acre Live Foliage Load: 0.0 tons/acre
Dead Fuel Load: 4.0 tons/acre Fuel Bed Depth: 2.3 feet

| "Anderson (1982) from Albini 1976
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Fuel Classification: Logging Slash

Fire Behavior Fuel Model 13: Continuous layer of slash
Total Fuel Load: 58.1 tons/acre Live Foliage Load: 0.0 tons/acre
Dead Fuel Load: 7.0 tons/acre Fuel Bed Depth: 3.0 feet

‘ Anderson (1982) from Albini 1976

Fuel Classification: Fuel Models

e 40 fire behavior fuel models? |

Given the 13, why do we also use th

& The original 13 were developed to work
under severe fire periods of the fire
season.

The additional 40 were developed to
enable accurate prediction of fire spread
outside the severe period of the fire
season.

Additional fuel models in the 40 also
included: high humidity areas, barren
areas, and more forest litter complexes

Pyne et al (Intro. Wildland Fire) Chapter 3

Fuel Classification: The 40

The 40 fuel model system brought in a new naming convention:
+ Nonburnable (NB) ., rimper Understory (TU)

: grass (SGhR)b s « Timber Litter (TL)
.
rass Shrub (GS) « Slash Blowdown (SB)
« Shrub (SH)
Fusimodel  Usedinoriginal  Reserved for future Avaitabie for
Fusl type number Bock. OF New S41 s1andard fusl models Custom fuel models.
113 113
1459 1449
N8 %099 9140, 98.99° 9855 90, 96.97
GR 100-115 101-109 110-112 100, 113-118
G5 120438 121124 125130 120, 131139
SH 140155 141-149 150-152 140, 153-158
™ 6017 161-165 166170 160, 171-179
i 180199 181189 190-192 180, 193-199
5B 200-21% 201204 205210 200, 211219
2025 2025

T Thegap e ] s 10 retain 98 23 cpon vt and 8 UK (oare.
around), s has been comventon in FARSITE .

Each fuel type is also assigned a dead fuel extinction
moisture (generally assigned as humid or dry) m
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‘The 40: Non Burned Examples
FUEL MODEI: NB1

FUEL MODEL NB 3

FUEL MODEL NE 8
bt FUEL MODEL NB 9

Pictures from: Scott, Joo H.; Burgan, Robert £ 2005, Standard
fira bahaviar fual madels: & compreharses 561 for Lse wilh
Rothermer's surface fre spread model Gen. Tech. Rep. RMRS-
GTR-153. Fort Colins, COx U S, Departmant of Agrculture,
Forest Service, Rocky Mountasn Research Staton. 72 p

Scott et al (2005)
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LThe 40: Grass Examples
FUEL MODEL GR 1 FUEL MODEL GR 3

FUEL MODEL GR 4

Scott et al (2005)

LThe 40: Grass Examples
FUELMODELGR5  FugL MODELGR7  FUEL MODEL GR 8

Scott et al (2005

13



‘The 40: Grass-Shrub Examples

FUEL MODEL GS 1 FUEL MODEL GS 3
~ —

> NS

FUEL MODEL GS 2
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Scott et al (2005)

The 40: Shrub Examples

FUEL MODEL SH 1 FUE MODEL SH 3
71k U AR
i e

FUEL MODEL SH 2

FUEL MODEL SH 5

Scott et al (2005)
The 40: Shrub Examples
FUEL MODEL SH 6 FUEL MODEL SH 8
FUEL MODEL SH 9
Scott et al (2005)
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LThe 40: Timber - Understory Examples
FUEL MODEL TU FUEL MODEL TU 3

e

FUEL MODEL TU 5

7 e,
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Scott et al (2005)

‘The 40: Timber - Litter Examples ‘
FUEL MODEL TL 3

FUEL MODEL TL 1
b g

Scott et al (2005)
‘The 40: Timber - Litter Examples

FUEL MODEL TL 4 FUEL MODEL T
v = :
LA i

L8
&

Scott et al (2005)
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The 40: Timber - Blowdown Examples

FUEL MODEL SB 1 FUEL MODEL SB 3
3 E 3
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Scott et al (2005)

Clearly the fuel complex undergoes changes and selection of a given fuel
model one day may not accurately predict fire behavior. In some locations,

two fuel models may be needed to accurately represent the fire behavior.

To select your fuel model follow the general
steps (RMRS GTR 153):

« Determine the general fire-carrying fuel type

« Select a fuel model which represents the dead
fuel extinction moisture in your area (dry or humid)
« Compare the general depth, compactness and
size of the fuel and the relative amount of live
vegetation

« Do not restrict your selection by fuel model name
or type

« Compare predicted fire behavior to be sure the

| predicted behavior agrees with expectations or

| observations

Fuel Models: Selection

FUEL MODEL TL 8

) b Fih )
NOTE: Other fuel model systems do exist — for example the Natio
Danger System Fuel Models (NFDRS)

nal Fire
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