


























Appendix C. Methodology for predicting fire behavior

This Appendix contains additional details for the methodology explained in the fire behavior model
structure section and steps listed here correspond with steps in that section (p. 7). The overall ROS
(ROSoveran) and overall FLI (FLIgyeran) refer to the expected fire behavior. With the exception of Behave-
Plus3, the models presented here require that inputs are entered in metric units, conversion factors are
listed in Appendix D.

1. In addition to the fuel models presented in Appendix B, a number of other surface fuel inputs have
been published for boreal black spruce forests in Alaska®**.

2. For the fire behavior models to function correctly, units must be input as kg/m’ for canopy bulk den-
sity (CBD), meters for canopy base height (CBH), and kg/m*for fine canopy fuel loading (Wg). The defi-
nition for Wy includes live and dead canopy fuels less than Y-inch in diameter™.

3. Three measures of surface fire behavior are required from BehavePlus3: ROS (ROSsytace), heat per
unit area (HPAsyrace), and FLI (FLIsyrace). Select these measures from the BehavePlus3 menu. To navi-
gate to this menu, on the main page of BehavePlus3 open the “Configure” menu, select “Module Selec-
tion”, then click on the “Options” button corresponding with the “Surface Fire Spread” heading, then
click the “Outputs™ tab and L1 | Wind Speed | Directons | Siope | Cuputs | P-G Oug
select “Surface Rate of
Spread”, “Heat per Unit
Area”, and “Fireline Inten- Fuelis exuered ac
sity” (Fig. 12). If the forest A
floor contains a mosaic of sur-
face materials with differences
in expected fire behavior, the
two-dimensional expected
spread feature should be se-
lected from the “Fuel and
Moisture” tab, which is lo-
cated in the “Surface Fire B
Spread” option (Fig. 13). This € moistue scenario
feature requires the user to
input two fuel models and the

relative cover for each fuel

type (see Appendix B)_ This Figure 12. Fire behavior output settings in Figure 13. Two-dimensional expected spread
BehavePlus3. feature.
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feature accounts for differ-
ences in ROSgace between two surface fuel types. The predicted FLIgysace is based on the fuel model
with the highest predicted FLIsyrace and can produce misleading results if this fuel model only represents
a small portion of the total area.

4. The crown fire initiation criteria predicts the FLIgyface necessary to ignite canopy fuels based on CBH
and foliar moisture content (FMC); though FMC is generally held constant, as it is in this report, thus
making CBH the only canopy measure that evaluates the potential of FLIgyac to ignite canopy fuels.
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The FLIsyace needed to ignite canopy fuels is called the critical FLI (FLIO)12 and is expressed as
3/2
FLI, = {CBH (460 +25.9FMC )}

100

where CBH is measured in meters, FMC is set to 100%, and FLIq is reported in kW/m. For this model to
function properly in fuels with a low CBH, such as black spruce forest, a minimum FLIg should be used.
This crown fire initiation criteria was developed for forests with a distinct gap between the canopy fuels
and surface fuels. By virtue of the model, a stand with a low CBH would support a crown fire even if
FLIsyrtace Was equal to zero. Since this is not possible, a minimum FLIo moderates overestimates of
crown fire activity when CBH is low. A minimum FLIg of 23 Btu/ft/sec was chosen because it produced
the best correlation between observed and predicted fire types measured in this study.

5. This step requires a comparison of FLIgyace calculated with BehavePlus3 in step 1 with the FLIg cal-
culated in step 4.
a) If FLIgyrsace is < FLIo, the predicted fire type is a surface fire and BehavePlus3 fire behavior out
puts represent expected fire behavior (ROSsyrface = ROSoveran and FLIgyrace = FLIoverarr)-
b) If the FLIgyace €xceeds the FLIo, ignition of canopy fuels will occur and subsequent steps should
be followed to determine the type of crown fire and expected fire behavior.

6. In this step the ROS for an active crown fire (ROSpcve ) is calculated using the active crown fire
spread model®. The model is given as

ROS e = AU *CBD #e 07 y 5 0

Active

where ROSiive is measured in meters/min, Uy is the 10-meter wind speed (km/hr) and must be greater
than zero, DFFM is the dead 1-hr. fuel moisture content as a percent, and ;4 are constants equal to
11.02, 0.90, 0.19, and 0.17, respectively. To convert the 20-foot wind speed to the 10-meter wind
speed, multiply the 20-foot wind by 1.15.

7. The crown fire spread criteria (ROSp)'?, used in conjunction with the crown fire initiation criteria to
determine fire type, is

3.0

ROSe =eD

where CBD is measured in kg/m’ and ROSy is reported in meters/min. ROSy describes the minimum
ROSpciive necessary to support an active crown fire given the canopy fuel conditions.

8. In this step ROSg is compared against ROSave calculated in step 6.
a) If ROSaciive < ROSq, the predicted fire type is a passive crown fire, so long as FLIgyace is greater
than FLIo. The passive crown fire spread model” is used to calculate the ROS for a passive
crown fire (ROSpgssive) Which is used to represent ROSqyeran. The passive crown fire spread model is
expressed as

(~CAC)

ROSDassive: ROS

Active

*g

where ROSpassive is reported in meters/min and CAC is the criterion for active crowning® given by

CAC — I:QOSActive

ROS,

the CAC is a ratio, if it is above one, it indicates a crown fire, values between 0 and 1 suggest the de-
gree of fire intensity (a passive crown fire can range from occasional torching to near complete

+2pid.
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involvement of the canopy fuels). The CAC is used here as a rough proxy of the fraction of the can-
opy burned during a passive crown fire (CFB). Two steps are required. First the mass of canopy fu-
els consumed during a passive crown fire (Wpgssive) 1s estimated from Wy based on the following
model.

w :(Wﬁ*bl)*(CAC*b2+b3)

Passive
where both Wy and Wpgssive are given as kg/mz. Where Wk is the total mass fine canopy fuels, Weassive
is the mass of Wy expected to be consumed in the flaming front of a passive crown fire. The term b;
equals 0.9 and represents the proportion of fine canopy fuels consumed during an active crown fire™.
The term (CAC * b2 * b3) represents the CFB during a passive crown fire which is defined as a fire
where between 10 and 90% of the canopy is burned®. Within the CFB term, b, equals 0.9 and bs
equals 0.1. They are constants that scale the CAC to a number between 0.1 and 0.9 to represent the
defined range of CFB during a passive crown fire.

Second, FLIpassive is calculated with the FLI model® that includes the contribution of surface and can-
opy fuels. This model is based on an older FLI model* and was modified to include the relative con-
tributions of surface and canopy fuels.

FLI _ ROSPassive * (HPASurface + (WPassive *H ))
Passive
60
FLIpassive is reported in kW/m and is a combination of the HPAgface, calculated from BehavePlus3,

and the HPA of the canopy fuels (Wpassive * H). ROSpassive is measured in meters/min, and Wpggsive 1S
measured in kg/mz. The FLIoyeran for a passive crown fire is equal to FLIpassive.

b) If ROSactive > ROSg, the predicted fire type is an active crown fire. Calculating fire behavior for an
active crown fire is similar to the process for passive crown fires. ROSpive Was calculated in step 6
and is used to represent ROSoyeral.

To calculate the FLIgyeran for an active crown fire, the HPAg face calculated from BehavePlus3 must
be combined with the HPA of the canopy fuels (Wactive * H). This involves two steps. First the per-
centage of the canopy fuels consumed during an active crown fire (Wactive) is estimated from Wy
based on the following model

W,

Active

:Wff *bl

where both W and Waciive are measured in kg/rnz, Wactive €quals the mass of Wy consumed during an
active crown fire, and by (0.90) represents the proportion of Wy expected to be consumed?®.

Second, FLIive is then calculated using the FLI model>*°

_ ROS Active * (HPASurface + (WActive *H ))

FLI . =
Active 60

where FLIagive is reported in kW/m. The FLIgyerq for active crown fires is equal to FLIacjve.

3321bid.
*Byram, G. M. 1959. Combustion of forest fuels. Pages 61-89 in Forest fire: control and use. 2™ edition. McGraw-Hill, New York, NY.
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Appendix D. English/metric conversion factors

English unit Multiplied by Equals metric unit
tons/acre 2.242 Mg/hectare
tons/acre 0.2242 kg/m?

feet 0.3048 meters

Btu/ft/sec 3.461 kW/m

mph 1.609 km/hr

chains/hr 0.3353 meters/min

Ibs/ft® 16.02 kg/m®

Btu/lb 2.326 kJ/kg
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