BehavePlus fire modeling syste

Crown Fire Spread Lesson : Modeling Unit

Introduction

The CROWN module in BehavePlus is based on models developed by VVan Wagner
(1977, 1993), Rothermel (1991), Thomas (1963), and Byram (1959). Outputs are listed
on tabs labeled Spread Outputs and Intensity Outputs. This lesson addresses Spread
Outputs.

BehavePlus calculates the rate of spread of a surface fire and of an active crown fire. It
does not calculate a rate of spread that transitions from one fire type to the other based on
crown fraction burned (as in, for example, Scott and Reinhardt 2001). The Surface Rate
of Spread is used for a torching fire.

A user also should be aware of the many important factors that affect crown fire but are
not included in the models. Great care should be used in using models and systems to
predict extreme fire behavior.

Objectives

1. Understand how crown fire spread and transition from surface to crown fire is
modeled in BehavePlus.

2. Create a worksheet that produces a CROWN run to evaluate crown fire spread
rate, area, and perimeter.

3. Understand transition ratio, active ratio, and their relationship to fire type
(surface, torching, crowning, or conditional crown).

4. Correctly interpret BehavePlus CROWN module runs.

Where This Lesson Fits In

This is an optional lesson in the Modeling Unit. Lessons in the Modeling Unit cover
capabilities, limitations and assumptions, and sensitivity of the various models in
BehavePlus. It is assumed that the trainee has skill with program operation.

The Surface Fire Spread and Intensity lesson should be done before this lesson.
There are two lessons associated with crown fire modeling in BehavePlus. The associated
Crown Fire Intensity lesson covers crown fireline intensity and flame length, heat per

unit area (canopy and crown), Power of the Fire, Power of the Wind, and whether a fire is
likely to be wind-driven or plume-dominated.
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BehavePlus Version 5.0

A Crown Fire Run
To begin the lesson, let’s create a simple Run using the CROWN module to calculate Fire

Type.

Crown Fire Spread Lesson

» Open the SurfaceCrown.bpw Worksheet in the ExampleWorksheets folder.
> Go to Module Selection.
o0 Note: Both the SURFACE and CROWN modules are selected.

» Open the CROWN > Options... > Spread Outputs tab and select only the

variables shown below.
o Transition to Crown Fire?

(elNelNe]

Crown ROS
Active Crown Fire?
Fire Type

[~ Crtical Surface Intensity
[~ Crtical Sutface Flame Length
[ Transition Ratio

[ Transition to Crown Fire 7

|| & CrownROS

I~ Critical Crewn ROS
[~ Active Ratic
v Active Crown Fire?

v Fire Type

PBack ‘ w Frovd TiHeme | &> Index |

” Critical Surface Intensity

The critical surface mtensity 15 the fireline intensity of the surface
fire that 15 required for a transition from a surface fire to a crown
fire. It iz calculated from foliar moisture content and canopy base

height

[~ Crown Spread Distance jrie] MModule T
" Crown Fire Area Input None
[ Crown Fire Penimeter COutput CROWH
[~ Crown Fire Length-to-Width Ratic
¥ Picture v Help | SURFACE ‘ ‘ ‘ CROWF
1 »
cut |

Outputs tab.

Y VWV VYV V¥V
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Click Ok once.

Click Ok twice.

Open the SURFACE > Options... > Wind Speed tab and note that Wind speed
is entered as 20-ft wind and Input wind adj. factor.
Make sure Surface Rate of Spread and Flame Length are selected on the Basic
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BehavePlus Version 5.0

» Enter the following values on the Worksheet.

Crown Fire Spread Lesson

@BehavePlus 505 Wed, Aug 10, 2011 at 1223131

Page 1

e

Inputs: SURFACE, CROWN

Description [cROWM module example
Fuel/Vegetation, Surface/Understory

Idazamum relhable effective wind speed bt I3 mposed [SURFACE]
Calculations are only for the direction of mazimum spread [STURFACE]

Fireline intensity, flame length, and spread distance are always
for the direction of the spread calculations [STEFACE)]

Wind is blowing upslope [SURFACE]

Fuel Model 2
Fuel/Vegetation, Overstory

Canopy Base Height ft [4

Canopy Bulk: Density Ib/&3 [0.015
Fuel Moisture

1-h Moisture % ‘3

10-h Moisture o 5

100-h Moisture % 6

Live Herbaceous Moisture Y ‘ 100

Live Woody Moisture % |100

Foliar Moisture Yo |120
Weather

20-ft Wind Speed (upslope) mrh [0, 3. 6, 9, 12, 15, 18, 21, 24

Wind Adjustment Factor 0.2
Terrain

Slope Steepness % I
Run Option Notes

Output Variables
Surface Rate of Spread (masmmum) (chvh) [SURFACE]
[Flame Length (ff) [SURFACE]]
Transihon to Crown Fire ¥ [ CROWIT)
Crown ROS (ch/h) [CROWN]
Active Crown Fire? [CROWL]
Fire Type [CROWI]

Note: Flame Length is for the surface fire, calculated in the SURFACE module.

September 7, 2011
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BehavePlus Version 5.0 Crown Fire Spread Lesson

» Calculate the Run to produce the following output table.

mBEhavePlus 505 Wed, Aug 10, 2011 at 12:31:31 Page 3
GE 2
CROWN module example
20-ft ROZ Flame Transition Crown Active >
Wind (maz) Length to Crown? Fire KOS Crown? >
mrh chih ft ch'h =

0 2.8 2.1 Mo 3.1 Heo
3 3.6 2.3 N 7.0 Nea
6 5.8 2.9 Ha 13.7 Ha
9 9.1 3.6 Yes 22.0 N
12 13.4 4.3 Tes 31.7 Na
15 15.8 5.0 Yes 42.4 Yes
18 25.1 5.7 Yes 54.2 Yes
21 32.4 6.4 Yes 66.8 Yes
24 40.6 7.1 Yes g0.2 Yes
?%BehavaPlus 5.0.5 Wed, Aug 10, 20171 at 12:31:31 Page 4
o N
CROWN module example
< 20-ft Fire
< Wind Type
< mith
0 Surface
3 Surface
& Surface
9 Torching
12 Torching
15 Crowning
18 Crowning
21 Crowning
24 Crowning

Here are some things to keep in mind when viewing crown fire outputs:
e Crown Fire ROS values are only applicable for active crown fire, when the
Active Crown? column value is Yes.
e The Crown Fire ROS includes the influence of spotting (Rothermel 1991).
e [ForaFire Type of Torching, the surface fire rate of spread should be used.
e Flame Length values are for the surface fire.
o For acrown fire, it is called Crown Flame Length in BehavePlus.

This is a quick, simplistic overview of crown fire modeling. Let’s explore how the crown

fire model works to better understand how to avoid misinterpreting your results.

BehavePlus Crown Fire Logic

To better understand the workings of the BehavePlus crown fire logic on this flow chart,
we will look at the individual components using intermediate output variables.
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BehavePlus Version 5.0 Crown Fire Spread Lesson

The chart shown below illustrates the relationships in BehavePlus for modeling variables
associated with crown fire spread. Two variables are required to determine the Fire Type
(surface, conditional crown, torching, crowning). They are the Transition to Crown? and
Active Crown Fire? variables.

SURFACE CROWN
=Fuel rmodel
=Midflame wind =Faliar Moisture =20-ft wind «Canonv bulk
=Slope =Canopy base =Surface fuel densﬁty
*Fuel maisture height moisture y
=Zpread direction
b
Surface Critical surface Crown fire Critical crown fire
fireline intensity, fireline intensity, rate of spread, rate of spread,
lg 1y R Ry
|
[
Transition ratio Active ratio
Te=lgfl A =R/ R
Transition to crown? Active crown fire ?
=Yes if T »=1 =Yes if Ap >=1
=Noif T <1 =MNoif &g <1
Fire Type Active crown fire?
Mo Yas
Transition Mo Surface Conditional
to crown Crown
fire ? fes Torching Crowning

Transition to Crown Fire? (Transition Ratio)

The Transition Ratio tells the user if the Surface Fireline Intensity is sufficient for a
transition from surface to crown fire.

Surface Fireline Intensity

The first component used to calculate Transition Ratio is Surface Fireline Intensity (Ig).
Remember from your previous fire behavior training that fireline intensities are directly
related to Flame Length. Surface Fireline Intensity and Flame Length are calculated in
BehavePlus using the SURFACE module. You also have the option of inputting values
for Surface Fireline Intensity or Flame Length.
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Critical Surface Fireline Intensity

Critical Surface Fireline Intensity is the intensity required for a fire to make the transition
from surface to crown fire (either passive or active). It is calculated in the CROWN
module.

Open a new SurfaceCrown.bpw Worksheet.

Open Module Selection.

Uncheck the SURFACE module checkbox. The CROWN module should be the
only module selected.

Open the CROWN Options... > Spread Outputs tab and select only Critical
Surface Intensity and Critical Surface Flame Length.

>
>
>
>

B BehavePlus 5.0.5 CROWN Module Options

Input Options [ Spread Outputs IIntens1tyOutputs

Back Frwd =t Ind
¥ Crtical Surface Intensity MEL “ o ot Hlome |@ o |

v Crtical Surface Flame Length
oy I Transition Ratio Y Fire Type
ik
: . [~ Transitien t¢ Crown Fire 7 __‘_2

|  Crova ROS

I~ Critical Crewn ROS
Fire type is one of the following four types
[~ Active Ratio
& Surface (understory fire)

# Torching (passive crown fire, surface fire with occasional
I~ Fire Type torching trees)

® Conditional crown (active crown fire possible if the fire

[~ Active Crown Fire?

B i o) DEEoe transitions to the overstory)

™ Crown Fire Area ® Crovwming (active crown fire; fire spreading through the

B overstory crowns
[~ Crown Fire Perimeter & )

I Crown Fire Length-to-Width Ratio Assignment of fire type depends on the variables transition to
crown fire? and active crown fire?.

¥ Picture v Help

o |

Assignment of fire type hased on Transition to Crown? am:lﬂ
»

Cancel

> Click Ok twice to close the dialog boxes and return to the Worksheet.

Look at the following flow chart to see the process for Critical Surface Fireline Intensity
calculation and the required input values.
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Crown Fire Spread Lesson

SURFACE CROWN
sFuel model
Midflame wind Foliar Moisture 20-ft wind o bulk
=Slope =Canopy base “Surface fuel :nnp_Ty Y
=Fuel moisture height moisture Ensity
=Spread direction
v
Surface Critical surface Crown fire Critical crown fire
fireline intensity, fireline intensity, rate of spread, rate of spread,
Ig Iy Re Fa
i ; | | ; |
Transition ratio Active ratio
Te=lgfl; Ao =R /R,
Transition to crown? Active crown fire?
=Yesif Ty ==1 =Yes if Ag =1
=MNo if Ag <1

=Na if Tp < 1

Two variables are required: Canopy Base Height (CBH) and Foliar Moisture. CBH is a
measure of how close the easily ignitable portions of a conifer (mainly needles) are to the
surface fire. For a single tree it is the height to the bottom of the live crown. It can be
tricky when attempting to expand this to a stand or area basis. CBH should reflect the
effects of ladder fuels (if present) in increasing vertical continuity.

Tree crown
length

Canopy
height

Tree crown
length scorched

Scorch
Canopy height
Base height l

!

Foliar Moisture is the moisture content of live coniferous needles. Foliar Moisture has a
narrower range of realistic values than Surface Fuel Live Woody Moisture since conifer
needles do not cure on a seasonal basis. Normal ranges for Foliar Moisture are 120—
150%; severe drought conditions exhibit a range of 80-100%, except for black spruce,
which is normally less than 100%. Given the empirical nature of Van Wagner's (1977)
crown fire initiation model, applying Foliar Moisture values less than 70% is not
recommended. If better data do not exist, a value of 100% is a reasonable estimate (Scott
and Reinhardt 2001).
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» Enter values for Canopy Base Height of 2 and 20 ft.
» Enter Foliar Moisture values of 70 to 150% with an

Your Worksheet should look like the following.

Crown Fire Spread Lesson

increment of 20%.

@BehavePlus 5.0.5 Wed, Aug 10, 2011 at 12:33:56

Page 1

-

Inputs: CROWN

Fuel/Vegetation, Overstory

Descrption ‘CROWN module: Critical Surface Fireline Intensity

Canopy Base Height £t [2 20
Fuel Moisture

Foliar Moisture

% [70, 90, 110, 130, 150

Run Option Notes

None

Output Variables
Critical Surface Intensity (Btuft's) [CROWI]
Critical Surface Flame Length () [CROWI]

» Calculate the results. View the two graphs (the dashed lines have been added to

the graphs for this lesson and won’t show up in your graph).

%BEhavePlus 505 Wed, Aug 10, 2011 at 12:33:56

Page 4

CROWN module: Critical Surface Fireline Intensity

Critical Surface Intensity (Btu/t's)

Foliar Modsture
()

10 12
Canopy Base Height ()

A Canopy Base Height of 9 feet and a Foliar Moisture content of 130% results in a

Critical Surface Fireline Intensity of 309 Btu/ft/s. The other

curves show the Critical

Surface Flame Length for Foliar Moisture contents of 70, 90, 110, and 150%.

In the following graph, a CBH of 9 ft and a Foliar Moisture

content of 130% lead to a

Critical Surface Flame Length of 6.3 ft. This means you need a surface Flame Length of

at least 6.3 feet to transition to some type of crown fire.

September 7, 2011
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Crown Fire Spread Lesson

ol

b %8 BehavePlus 5.0.5 Wed, Aug 10, 2011 at 12:33.56

Page 5

\\

CROWN module: Critical Surface Fireline Intensity

Chitical Surface Flame Length (f)

Foliar Mojshife

[
10 12
Canopy Base Height (ff)

Other curves show Critical Surface Flame Lengths required for transition to crown fire if

Foliar Moisture content is 70, 90, 110, and 150%.

Transition Ratio

Now we will use the Surface Fireline Intensity (Ig) and the Critical Surface Fireline
Intensity (lo) to calculate the Transition Ratio (Tr), which is used in BehavePlus to
determine transition to crown fire. It’s also very handy for looking at the sensitivity of the

transition to crown fire.

SURFACE CROWN
=Fuel model
=tlidflarme wind =Faliar Muaoisture =20-ft wind «Canany hulk
=Slope =Canopy base =Surface fuel denspity
=Fuel maisture height moisture y
=Spread direction
¥
Surface Critical surface Crown fire Critical crown fire
fireline intensity, fireline intensity, rate of spread, rate of spread,
lg Iy Re Ry
i
Transition ratio Active ratio
Te=1lg /1y An=Rp/R,
Transition to crown? Active crown fire ?
=Yes if Ty =1 =Yes if Ag =1
=MNo if T <1 =No if &g <1

September 7, 2011
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BehavePlus Version 5.0 Crown Fire Spread Lesson

The Transition Ratio (Tg) is simply the ratio of the calculated Surface Fireline Intensity
(1) to the required Critical Surface Fireline Intensity (lp), such that

Tr=1g/lo. Equation 1
The Transition Ratio (Tg) is greater than 1.0 when the calculated Surface Fireline

Intensity (Ig) is greater than the Critical Fireline Intensity (lp), indicating there is a
transition to crown fire.

» Go to the Configure > Module Selection > CROWN > Options... > Spread
Outputs tab and select the following three output variables.
o Critical Surface Intensity
o0 Transition Ratio
o Transition to Crown Fire?

B BehavePlus 5.0.5 CROWN Module Options

Input Options ESpread Outputs; I IntensityOutputs

Back | @ Fuwd it | @ |
v Critical Surface Intensity et e frfHome Slndex
. —— -
[~ Crtical Sutface Flame Length M
a W Transition Ratio ¥ 2= Transition to Crown Fire?
[v Transiticn te Crewn Fire 7 %z
| ™ CrowaROS
S| T Cntical Crown ROS . .
Transition to croven fire is either Yes or No to indicate whether
I™ Active Ratio condifions for transition from swiace to crown fire are likely.
U Active Crown Fire? Caleulation depends on the transition ratio. If the transition ratio is
greater than or equal to 1, then transition to crown fire 15 Yes. If
I™ Fire Type the transition ratio is less than 1, then transition to crown fire is
[~ Crown Spread Distance No.
| e Fire Arn
Towa EiE feR 1o Maodule i
[~ Crown Fire Perimeter Tnput None
[" Crown Fire Length-to-Width Ratie Ouput | CROWHN
¥ Picture v Help 57
< | »

» Click the Ok button to close the CROWN Module Options dialog box.

» Select the SURFACE Module in addition to the CROWN Module to calculate the
Fireline Intensity for the surface fire.

» Now click the SURFACE > Options... button and select only Fireline Intensity
and Flame Length.

» Inthe Wind Speed tab, select Wind speed is entered as 20-ft wind and Input
wind adj factor.

» Click Ok twice to close both dialog boxes.

» Enter the following input values on the Worksheet.

0 20-ft Wind Speed values should range from 0 to 25 mi/h with a step of
2.5.
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Crown Fire Spread Lesson

% BehavePlus 5.0.5

Wed, Aug 10, 2011 at 123817 Page 1
o ™
Inputs: SURFACE, CROWN
Description |F3ROWN module: Transition Ratio
Fuel/Vegetation, Surface/Understory
Fuel Model [z
Fuel/Vegetation, Overstory
Canopy Base Height ft [5
Fuel Moisture
1-h Moisture % |5
10-h Moisture % B
100-h Moisture % B
Live Herbaceous Moisture % |gu
Live Woody Moisture %% |gu
Foliar Moisture o [120
‘Weather
20-f Wind Speed (upslope)  mih [0, 2.5, 5, 7.5, 10, 12.5, 15, 17.5
Wind Adpustment Factor |U L4
Terrain
Slope Steepness 2% [o
» Calculate the Run to produce the following table.

@BehavePlus 5.0.5 Wed, Aug 10, 2011 at 12:38:17 Page 3
- ™
CROWN module: Transition Ratio
20-ft Fireline Flame Critical Trans Transition
TWind Intensity Length Surf Int Ratio to Crown?

tmifh Bu/ftfs fr Btuififs

0.0 21 1.8 115 0.15 o
2.5 36 2.4 115 0.32 =]
50 77 3.3 115 0.67 sl
75 139 4.4 115 1.20 Yes
10.0 221 5.4 115 1.91 Yes
125 322 6.4 115 2.79 Yes
150 441 7.4 115 3.83 Yes
17.5 578 g.4 115 5.02 Yes
200 73z 9.4 115 6.35 Yes
22.5 904 10.3 115 7.64 Yes
250 sz 11.2 115 9.47 Yes

Notice that Critical Surface Fireline Intensity (lp) does not change with wind speed, since
it depends only on CBH and Foliar Moisture. However, the surface fire Fireline Intensity
(18) does increase with wind speed.

When the surface fire Fireline Intensity exceeds the critical value, the Transition Ratio is
greater than 1.0 and the variable Transition to crown? is Yes.

September 7, 2011
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BehavePlus Version 5.0 Crown Fire Spread Lesson

P'gBEhamaPlus 505 TWed, Aug 10, 2011 at 12:38:17 Page 7

- CROWN module: Transition Ratio N

Transition Ratio

20-ft Wind Speed (upslope) (mith)

The Transition Ratio lets you look at more than just a Yes or No answer to the transition
question. It allows you see how sensitive the transition to crown fire is to the input
variable — in this case, Midflame Wind Speed. For example, if you were expecting
Midflame Wind Speeds of 2-4 mi/h, torching would be intermittent as the wind fluctuated
above and below a Transition Ratio of 1.0. You would carefully review your other inputs
(Fuel Model, Fuel Moistures, and Canopy Base Height) and realize there is a high degree
of uncertainty in your prediction. If, on the other hand, Midflame Wind Speeds were
predicted to be in the 5-8 mi/h range, you would be much more confident in your
prediction to expect torching.

Active Crown Fire? (Active Ratio)

The Active Ratio tells the user if the Crown Fire Rate of Spread is sufficient to maintain
an active crown fire.

Crown Fire Rate of Spread

Next let’s look at crown fire rate of spread (Crown ROS). This is the spread rate of an
active, wind-driven crown fire. For passive crown fire (torching) the Surface Rate of
Spread is used to estimate the forward spread of the fire. However it should be used in
conjunction with a calculated spotting distance to understand the effect of torching and
spotting on the forward spread of the fire.

Crown ROS is calculated using a simple correlation developed by Rothermel (1991)
using the surface fire spread model (Rothermel 1972) to integrate moisture and wind
conditions. The surface fuel model and surface fire behavior are not a consideration.
Notice that a description of the crown fuel is not an input.
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Crown Fire Spread Lesson

Rothermel’s (1991) Crown ROS was designed to predict the spread of a crown fire over a
long (several hour) time period and over long distances with variable fuel and slope
conditions. Think about how fuel and terrain change over this temporal and spatial range.

SURFACE CROWN
=Fuel model
Midflarme wind Foliar Muoisture =20-ft wind «Canony bulk
=Slope =Canopy base =Surface fuel dens[:;ty
=Fuel moisture height muoisture ¥
=Spread direction
¥
Surface Critical surface Crown fire Critical crown fire
fireline intensity, fireline intensity, rate of spread, rate of spread,
lg Iy Re Ry
|
[
Transition ratio Active ratio
Te=lg'l Ag =R /R,
Transition to crown? Active crown fire?
=Yes if T ==1 =Yes if Ag =1
=Noif Tp <1 =MNo if &g <1

Rothermel’s (1991) Crown ROS includes the effects of spotting. FARSITE and FlamMap
users take note — although these tools also use Rothermel’s (1991) crown fire ROS
model, the spread rate is reduced in an attempt to remove the specific modeling of
spotting, since spotting is calculated separately in FARSITE and FlamMap. BehavePlus
outputs should not be used to calibrate FARSITE/FlamMap crown fire rates of spread.

» Open a new SurfaceCrown.bpw Worksheet.

» Go to Module Selection and clear the SURFACE Module check box.

» Open the CROWN > Options... > Spread Outputs tab and select only the
Crown ROS check box. Clear all other check boxes.
» Return to the Worksheet and enter the following values.

m BehavePlus 5.0.5

Wed, Aug 10, 2011 at 12:4140

Page 1

/

Inputs: CROWN

Description ‘prown Fire Rate of Spread

Fuel Moisture
1-h Moisture Yo
10-h Moisture Yo
100-h Moisture Yo
Live Woody IMoisture %
Weather

20-ft Wind Speed {(upslope) mith

B e

B [

B [

[120

[0, 5. 10, 15, 20, 25,

30

September 7, 2011
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» Calculate the Run to get a graph of Crown Fire ROS:

%BEhavePlus 505 Wed, Aug 10, 2011 at 12:41:40 Page 3
‘ Crown Fire Rate of Spread N
]
80—
70—
= 60 —]
=
=
w 90—
g -
40—
£
: .
O 30—
20—
10—
’ ] T T T T ]
0 5 10 15 20 25 3n
20-ft Wind Speed (upslope) (mifh)

Critical Crown Fire Rate of Spread

The Critical Crown Fire Rate of Spread (ROS) is the rate at which a crown fire must

spread to maintain itself as an active crown fire (Van Wagner 1977). It is calculated using
only Canopy Bulk Density.

SURFACE CROWN
*Fuel model
=hidflarne wind =Foliar Maisture =20-ft wind
=Canopy bulk
*Slope =Canopy base =Surface fuel densit
=Fuel maoisture height rmoisture ¥
=Spread direction
¥
Surface Critical surface Crown fire Critical crown fire
fireline intensity, fireline intensity, rate of spread, rate of spread,
la Iy R Fo
]
[
Transition ratio Active ratio
Te=1la!ly A =RoIR,
Transition to crown? Active crown fire?
=Yes if T ==1 =Yes if Ag ==1
=Mo if Tp <1 =MNo if Ay <1
| |

For the next exercise, you can either modify your previous Crown Fire ROS Worksheet
or load a new SurfaceCrown.bpw example Worksheet.
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» Select the Configure > Module Select

Crown Fire Spread Lesson

ion command and make sure the

SURFACE Module check box is cleared in the Module Selection dialog box.

» Open the CROWN > Options... > Spread Outputs tab and select the Critical
Crown ROS check box and clear all other check boxes.

> Return to the Worksheet, press the Guide Button for Canopy Bulk Density, click
on the Choices button and select all values.

o0 Note: Remember, you only need to click on a value to select it. Click

again to deselect it.

EEX

B BehavePlus 5.0.5 Canopy Bulk Density

& Eacle ‘ wp Frad ‘ TiHome | & Index ‘

W Picture v Help

Canopy Bulk j
Density

Canopy bulk density is a stand description of
welght of canopy fuels per unit of canopy volume
(1be3 or kg;’m3). Tt 1s used to calculate critical
crown fire rate of spread to determine the
threshold for achieving active crown fire (Wan
TWagner 1977).

< |

=il

Ok

Cancel

The Worksheet should look like the following.

EBehavePlus 5.0.5 Wed, Aug 10, 201

1at 12:46:09 Page 1

/f

Inputs: CROWN

Fuel/Vegetation, Overstory

Description [Cromn Fire Rate of Spread

Canopy Bulk Density  [b/#3 (0. 006,

0.01z, 0.01%, 0.025, 0.031

Run Option Notes
None

Output Variables
Critical Crown ROS (chil) [CROWIT]

September 7, 2011
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» Calculate the Run and look at the graph.

mBEhavePlus 505 TWed, Aug 10, 2011 at 12:46:09 Page 3
‘ Crown Fire Rate of Spread N
100
20—
20—
% 70—
= -
& 50—
= |
g 50—
Oe —
= 40—
8 b
& 30—_
20—
10—
0 T | T | T ‘ T | T | T | T
0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035
Canopy Bullk Density (Ibift3)

As the Canopy Bulk Density (CBD) increases, the Crown Fire ROS necessary to
maintain an active crown fire decreases. To put it another way, as more crown fuels are
available, less severe fire conditions (wind and fuel moisture) are needed to sustain an
active crown fire. This concept will be more obvious as you gain understanding of the
Active Ratio discussed in the next section.

Active Ratio

The concept of the Active Ratio is similar to the Transition Ratio discussed previously.
The Active Ratio determines if an active crown fire can be sustained. If not, the crown
fire is considered passive (torching). The Active Ratio (Ao) is calculated from the Crown
ROS (Rc) and the Critical Crown Fire ROS (Ry).

Ao=Rc/Rp Equation 2
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Crown Fire Spread Lesson

SURFACE CROWN
*Fuel model
=Midflarne wind =Faliar Moisture =20-ft wind «Canony bulk
=Slope =Canopy base =Surface fuel denspi'?
=Fuel maisture height moisture ¥
=Spread direction

¥

Surface Critical surface Crown fire Critical crown fire

fireline intensity, fireline intensity, rate of spread, rate of spread,

Iy lo Re Ry

v

Transition ratio
Te=1lgfl,

'

Transition to crown?
=Yes if Tp ==1
=MNo if T <1

» Open the Module Selection window.

)

Active ratio
Ap=Ro/R

'

Active crown fire?
=Yes if Ag ==1
=Mo if Ag <1

» Ensure the SURFACE module is not selected.
» On the CROWN > Options... > Spread Outputs tab and select the following

outputs.
o Crown ROS
o Critical Crown ROS
o Active Ratio
o Active Crown Fire?

Input Ophions [

B BehavePlus 5.0.5 CROWN Module Options

I IntensityOutputs

[™ Crtical Surface Intensity

[~ Crtical Surface Flame Length
[~ Transition Ratio

[~ Transitien te Crown Fire 7

v Crown ROS

v Critical Crewn EOS

v Active Eatic

v Active Crown Fire?

[~ Fire Type

[~ Crown Spread Distance

™ Crown Fire Area

™ Crown Fire Perimeter

[ Crown Fire Length-to-Width Ratic

Iv Picture v Help

P RBack

‘ = Frwrd

T Horme

| Erndex |

Fire Type

Fire type is one of the following four types
* Surface (understory fire)

¢ Torching (passive crown fire, surface fire with occasional

torching trees)

¢ Conditional crown (active crown fire possible if the fire

transitions to the overstory)

® Crovming (active crown fire; fire spreading through the

overstory crowns)

Assignment of fire type depends on the vanables transition to

crown fire? and active crown fire?.

Ul |

Assignment of fire type based on Transition to Crown? andA,ﬂ
»

Cancel
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> Fill in the Worksheet using the values below.

l""‘%BehavePlus: 505 Thu, Aug 11, 2011 at 13:56:56 Page 1

4 N

Inputs: CROWN
Description ‘CROWN module: Active Crown Fire?
Fuel/Vegetation, Overstory

Canopy Bulk Density bift3 |D .025
Fuel Moisture

1-h Moisture %% &

10-h Moisture o &

100-h Meoisture o5 |6

Live Woody Moisture % [120
‘Weather

20-ft Wind Speed (upslope)  mifh [0, 5, 10, 15, 20, 25, 30

» Calculate the Run and look at the output table.

P%BehawePlus505 Thu, Aug 11, 2011 at 13:56:56 Page 2
- N
CROWN module: Active Crown Fire?
20-ft Crown Critical Active Active
TWind Fire ROS Crown ROS Ratio Crown?

mifh ch/h chih

0 2.3 22.3 0.10 Mo
5 8.5 22.3 0.38 Mo
10 15.9 22.3 0.84 Mo
15 31.9 22.3 1.43 Yes
20 46.9 22.3 2.10 Yes
25 B3.7 22.3 2.85 Yes
30 §z.0 22.3 3.67 Yes

When the actual Crown ROS is greater than the Critical Crown ROS, conditions are such
that an active crown fire can sustain itself. These conditions result in an Active Ratio
(AR) greater than 1.0, and the Active Crown Fire? variable is Yes.

Putting It All Together — Fire Type

To summarize this lesson so far, you have used the Critical Surface Fireline Intensity and
the Surface Fireline Intensity to calculate the Transition Ratio (Equation 1). Transition
Ratios greater than 1.0 indicate a surface fire will transition to a crown fire, either passive
or active.

The Active Ratio determines which type of crown fire occurs. It is calculated from the
Crown Fire ROS and the Critical Crown Fire ROS (Equation 2). Active Ratios greater
than 1.0 indicate conditions are available for an active crown fire. If the Active Ratio is
less than 1.0, the crown fire type is passive.
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BehavePlus Version 5.0 Crown Fire Spread Lesson

The Transition to Crown? and Active Crown Fire? variables determine the fire type.
For example, if Transition to Crown? is Yes and the Active Crown Fire? is No, the Fire
Type is Torching as shown in the flow chart below.

SURFACE CROWN
*Fuel model
Midflame wind =Foliar koisture 20-ft wind «Canany bulk
=Slope =Canopy base =Surface fuel denspity
=Fuel moisture height moisture ¥
=Spread direction
¥
Surface Critical surface Crown fire Critical crown fire
fireline intensity, fireline intensity, rate of spread, rate of spread,
lg Iy R Ry
|
[
Transition ratio Active ratio
Te=lg#ly A= Re /Ry
Transition to crown? Active crown fire?
=Yesif Tp »>=1 =Yes if Ay =1
=MNoif Ty <1 =MNo if &g <1
Fire Type Active crown fire?
Mo fes
Transition Mo Surface Conditional
to crown Crovwn
fire? Yes Torching Crowning

The following table shows the four possible combinations of the Active and Transition
Ratios, leading to the Fire Type.

Active Crown Fire?
Ar >1.07?

No Yes

Fire Type

Conditional

No Surface Crown

Transition to
Crown Fire?
Tr>1.0?

Yes | Torching | Crowning
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Let’s do an example to put it all together.

Crown Fire Spread Lesson

» Set up a SurfaceCrown.bpw Worksheet as shown below. Both the SURFACE
and CROWN modules are selected. Select the output variables shown below.

» Modify the Worksheet to use Dead and Live Fuel Moisture with the Module
Selection > SURFACE > Options... > Moisture tab.

?g EBehaveFlus 5.0.5

Thu, Aug 11,2017 at 14:01:34

Page 1

-~

~

Inputs: SURFACE, CROWN
Description [Fire Type: Combining Transition Ratio and Active Ratio
Fuel/Vegetation, Surface/Understory

Fuel Model [10
Fuel/Vegetation, Overstory

Canopy Base Height ft [3

Canopy Bulk Density %] [n.as6
Fuel Moisture

Dead Fuel Moisture % |5

Live Fuel Moisture % [so

Foliar Moisture % [1na
Weather

20-ft Wind Speed (updope)  mith [0, 5, 10, 15, 20, 25, 30

TWind Adustment Factor |D .2
Terrain

Slope Steepness % (o
Output Variables

Frelne Intensity (Biwlt's) [SURFACE]
Flame Length (ff) [SURFACE]

Crifical Swface Intensity  (Btwfl's) [CROWI]
Transiion Eate  [CROWI]

Transition to Crown Fire 7 [CROWI]

Crown ROS (chh) [CROWI]

Critical Crown ROS (chfh) [CROWH]
Active Ratio  [CROWI]

Active Crown Fire? [CROWIT]

Fire Type [CROWI]

» Calculate this Run and review the following output table. Notice that it is a two

page table.
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%BehavaPlus 505 Thu, Aug 11, 2017 at 14:01:34 Page 3
& )
Fire Type: Combining Transition Ratio and Active Ratio

20-ft Fireline Flame Critical Trans Transition =
Wind Intensity Length Surf Int Raho to Crown? =
mifth Btu/ftis ft Etwftis =
0 33 2.2 42 0.77 Mo
3 65 3.1 42 1.53 Yes
10 119 4.0 42 Z.80 Yes
15 186 5.0 42 4.40 Yes
20 264 5.9 42 b.25 Yes
25 352 6.7 42 el il Yes
30 447 7.4 42 10.55 Yes
%Behaveplus 505 Thu, Aug 11, 2011 at 14:01:34 Page 4
& N
Fire Type: Combining Transition Ratio and Active Ratio
< 20t Crown Chritical Active Active Fire
= TWind Fire KOS Crown EOS Ratio Crown? Type
< mih chh chh
0 4,2 10.0 0.42 Mo Surface
5 15.1 10.0 1.51 Yes Crowning
10 33.6 10.0 3.37 Yes Crowning
15 56.8 10.0 5.69 Yes Crowning
20 33.5 10.0 8.38 Yes Crowning
25 113.5 10.0 11.38 Yes Crowning
30 146.0 10.0 14.64 Ves Crowning

For 20-ft wind speed of 0 mi/h, the surface fire Fireline Intensity is too small for the fire
to transition to crown. In addition, conditions do not indicate active crown fire, so the
fire type is Surface.

For wind 5 mi/h and above, Transition to Crown? is Yes and Active Crown? is Yes. So
the fire type is Crowning.
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Crown Fire Spread Lesson

» Now change the Canopy Base Height from 3 ft to 12 ft on the Worksheet.
» Calculate the Run and review the resulting table.

P% BehavePlus 5.0.5

Thu, Aug 11, 2011 at 14:03:23 Page 2
& )
Fire Type: Combining Transition Ratio and Active Ratio
20-ft Fireline Flame Critical Trans Transiion >
Wind Intensity Length Surf Int Raho to Crown? =
mifh Btwftis ft Etu/ftis >
0 33 2.2 338 0.10 Mo
5 65 3.1 338 0.19 Ko
10 119 4.0 338 0.35 Mo
15 186 5.0 338 0.55 j2fs]
20 264 5.9 338 0.78 Mo
25 352 6.7 338 1.04 Yes
30 447 7.4 338 1.32 Yes
mBehavePlus 505 Thu, Aug 11, 2011 at 14:03.23 Page 4
o \
Fire Type: Combining Transition Ratio and Active Ratio
= 20-ft Crown Critical Active Active Fire
< Wind Fire ROS Crown ROS Ratio Crown? Type
< mh ch/h ch/h
0 4.2 10.0 0.42 o Surface
5 15,1 10.0 i.,51 Yes CondCromn
10 33.6 10.0 3.37 Yes CondCrown
15 56.8 10.0 5.69 Yes CondCromn
20 B3.6 10.0 g.38 Yes CondCrown
25 113.5 10.0 11.38 Yes Crowning
30 146.0 10.0 14.64 Yes Crowning

Looking at the output table shows that raising the CBH makes it more difficult for the fire
to transition to a crown fire. Transition to Crown? is not Yes until wind speed is 25 mi/h.

For 20-ft wind speed of 5 to 20 mi/h, Transition to crown? is No, but Active Crown? is
Yes. The Fire Type is Conditional Crown to indicate that if the fire does find a way to

transition to the crowns, that an active crown fire is possible.

At this point, let’s create some runs with the surface and overstory fuels held constant,
and look at the change in fire type as a function of wind and fuel moisture.

» Modify the Worksheet to use moisture scenarios with the Module Selection >
SURFACE > Options... > Moisture tab.

> Select only these three output variables:
o Transition Ratio,
o Active Ratio, and

o Fire Type.
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> Enter values on the Worksheet as shown below.

Crown Fire Spread Lesson

ﬂBEhavePlus 505 Thu, Aug 11, 2011 at 14:06:51

Page 1

(/'

Inputs: SURFACE, CROWN

\

Fuel/Vegetation, Surface/Understory

Description [Fire Type: Combining Transition Ratio and Active Ratio

113, d114

40,

50

Fuel Model [10
Fuel/Vegetation, Overstory
Canopy Base Height ft 3
Canopy Bulls Density Ib/t3 [0.056
Fuel Moisture
Moisture Scenario l[a111, d112, 4
Foliar Moisture Y [100
Weather
20-ft Wind Speed (upslope) mith |]_D, 20, 30,
Wind Adustment Factor |D .2
Terrain
Slope Steepness % [

Run Option Notes
Mene

Output Variables
Transition Ratio  [CROWIT]
Active Ratio  [CROWIT)
Fire Type [CROWIT]

> Calculate the Run.

» Change the Table Row Variable to 20-ft Wind Speed (upslope) in the

Calculate Results dialog box.

B BehavePlus 5.0.5 Calculate Results

Tables
v Display table results

[ Select the Table Row Wanable
" Moisture Scenario

@ 20-ft Wind Speed (upslope)

Iv Display graph results

I~ Spectty graph ¥ aoas limits —

variable.

Two input variables have multiple values:

* Moisture Scenario

* 20-ft Wind Speed (upslope)
Zelect one of them to be the table's 7ow vanable.

The unselected one will be the table's columm

A separate table will be produced for each output

Cancel

=

» Click Ok and review the Fire Type table.

Two of the four fire types are possible for these fuels depending on the wind speed and

fuel moistures.

September 7, 2011

23 of 27



BehavePlus Version 5.0 Crown Fire Spread Lesson

*"% EBehavePlus 5.0.5 Thu, Aug 11, 2017 at 14:.06:51 Page 4
4 N
Fire Type: Combining Transition Ratio and Active Ratio
Fire Type

20-f Ioisture Scenario

Wind

mih 4111 dli2 dll3 414
10 Crowning CondCrown CondCrown CondCrown
20 Crowning Crowning Crowning Crowning
30 Crowning Crowning Crowning Crowning
40 Crowning Crowning Crowning Crowning
50 Crowning Crowning Crowning Crowning

As you can see, the Fire Type also changes as the Moisture Scenario changes. Review the
differences in the Moisture Scenarios. How will that affects the Fire Type?

Look also at the graphs of the Transition Ratio and Active Ratio. Again notice the wide
range of the two ratios, remember a ratio of 1.0 is where the fire type changes.

'#%BehavePlus 505 Thu, Aug 11, 2011 at 140651 Page 5
' Fire Type: Combining Transition Ratio and Active Ratio \
9
_ Moisture Scenario
B—
7 —

Transition Eatie

0 5 10 15 20 25 30 35 40 45 50
20-ft Wind Speed (upslope) (mith)
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%BEhavePlus 505 Thu, Aug 11, 2011 at 14:06:51 Page &

4 Fire Type: Combining Transition Ratio and Active Ratio

Moisture Scenario

Active Ratio

0 5 10 15 20 25 30 35 40 45 50
20-ft Wind Speed (upslope) (mith)

In this lesson, we used a sample Worksheet that you may wish to use with SURFACE
and CROWN (SurfaceCrown.bpw). If you prefer to use something else, design your
own Worksheet and save it for later use.

Summary

Hopefully this lesson has given you the ability to utilize the BehavePlus CROWN
module for rate of spread and fire type and to critically review the results you obtain from
it.

It is important to note that results from BehavePlus crown fire modeling should be used
with extreme caution in any type of operational setting. The many assumptions and
limitations of the underlying models can be found in Rothermel (1991). In addition, there
are no standard methods for measuring the major crown fuel properties of Canopy Bulk
Density and Canopy Base Height. Average values likely do not describe the conditions
that determine crown fire behavior. Estimates of CBD from field data computed in FFE-
FVS, FuelCalc, and Fire Management Analyst (FMAplus) will give an estimate of CBD
that is too low to produce reasonable crown fire behavior; these estimates may need to be
adjusted.
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Exercises

1. Compare the fire types using fuel models TU1, TU3, TU5, 8 and 10 for a range of 1-h
dead fuel moistures. Use a canopy bulk density of 0.015 Ib/ft3 and a canopy base
height of 6 ft. Use your experience to estimate the other inputs.

2. Modify the Run in Exercise 1 to compare the fire types using fuel models TU1, TU3,
TU5, 8 and 10 for a range of wind speeds while holding the fuel moistures constant.

3. Modify the Run in Exercise 2 to determine at which wind speed the Fire Type
changes for Fuel Model 10 under these conditions. Remove all fuel models except
Fuel Model 10 and use a range of wind speeds based on your results from Exercise 2.
This will provide more information on the influence of wind speed on Fire Type for
this Fuel Model.
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