Scorch and Mortality Lesson | Modeling Unit

Introduction

Crown scorch height is calculated in the SCORCH module and tree mortality is
calculated in MORTALITY. The modules can be used independently to gain an
understanding of the mathematical models or to use observed rather than calculated flame
length or scorch height. More commonly SURFACE, SCORCH, and MORTALITY are
selected and linked, with flame length calculated in SURFACE and used to calculate
scorch height in SCORCH, which is used to calculate tree mortality in MORTALITY.

Objectives

1. Calculate scorch height from surface fire.

2. Compare the role of wind in flame length calculation and in flame tilt as it affects
scorch height.

Describe the calculation of tree mortality from crown scorch.

Demonstrate tree mortality calculations.

Discuss the role of bark thickness.

Discuss the updates to Version 5.0.

kW

Where This Lesson Fits In

This is a lesson in the Modeling Unit. It is assumed that the trainee has completed the
four lessons in the Introduction Unit and has basic BehavePlus operation skills.

The Surface Fire Spread and Intensity lesson should be done before this lesson.
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Introduction

Crown scorch is calculated in the SCORCH module and tree mortality in the
MORTALITY module. SCORCH returns a value of Scorch Height, used indirectly as a
predictor variable in some mortality equations. MORTALITY uses probability to predict
if a tree will die during a fire. These modules run similar algorithms to both FOFEM and
FFE-FVS. The calculations can be either done independently or linked together with
output from one module being used as input to the other. In this lesson we will do both. It
can help understanding of a module if it is used independently; however, models are
more often linked for application.

The SCORCH module predicts tree Scorch Height, which is the height above the ground
that the temperature in a convection column reaches lethal temperature to kill live crown
foliage. This temperature is assumed to be 140 degrees Fahrenheit (60 degrees Celsius).
It is calculated using a model developed by Van Wagner (1973). He measured 13
experimental outdoor fires to calculate Scorch Height that varies with the 2/3 power of
fireline intensity. Wind speed and Air Temperature were added to the Van Wagner’s
equations and are inputs to the SCORCH module. Byram (1959) related Flame Length to
Fireline Intensity, so surface fire intensity can be entered as either Flame Length or
Fireline Intensity. This module defaults to Flame Length.

Probability of Mortality is the likelihood that a tree will be killed by a fire. The equation
used to calculate Probability of Mortality depends on the Mortality Tree Species. There
are 12 mortality equations, which variously include Bark Thickness, Tree Crown Length
Scorched and/or Tree Crown Volume Scorched. BehavePlus version 5.0 includes an
update to the mortality equations for 10 species based on work by Hood et al. 2008.

We’ll start by evaluating the SCORCH module.

Crown Scorch Height (SCORCH) Module

We start by examining the scorch height model by selecting only SCORCH.
» Open the BasicStart.bpw Worksheet.
» Go to Configure > Module selection.
» Unselect SURFACE.
» Select SCORCH.

SCORCH defaults to using Flame Length as a measure of fire intensity (the necessary
input for Van Wagner’s scorch equation discussed in the Introduction).

» Press Ok.
» Enter the Weather and Fire inputs as shown below.
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Scorch and Mortality Lesson

% BehavePlus 5.0.0

Wed, Mar 17, 2010 at 12:55:55 Page 1

/‘_

Inputs: SCORCH

Weather

ALir Temperature
Fire

Flame Length

Descripfion ‘Crown Scorch Height, Mo Wind, Flame Length = 4-ft

Midflame Wind Speed (upslope) mith [o

oF [77

e

Run Option Notes

None

Output Variables

Scorch Height () [SCORCH)

> Calculate the Run.
» Click Ok.

g BehavePhas 5.0.0

Wed, Mar 17, 2010 at 12:55.55 Page 2

e

Crown Scorch Height, No Wind, Flame Length = 4-ft

Scorch Height 24 g

A Scorch Height of 24 feet is predicted with the input conditions.

SCORCH and Increasing Wind

Theoretically, if Flame Length were held constant, wind would cause the flame to tilt or
flatten resulting in lower Scorch Heights (Van Wagner 1973) and Scorch Height would
follow a relationship as shown in the graph below. The relationship below occurs if

several fires have similar Flame Lengths of 4 feet, but different Midflame Wind Speeds.
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Scorch and Mortality Lesson

!.g BehavePlus 5.0.0

Wed, Mar 17, 2010 at 12:01:15

Page 1

(/

Inputs: SCORCH

\\

Description |Cr0wn Jcorch Height, Increasing Wind, Flame Length =

g4-

Weather
Mhidlame Wnd Speed (upslope) mu'h |D, 5, 10, 15
Ajr Temperature oF |’77
Fire
Flame Length ft [4
L =8 BehaveFPlus 5.0.0 Wed, Mar 17, 2010 at 13:01:15 Page 3
a Crown Scorch Height, Increasing Wind, Flame Length = 4-ft N
25
20—
g 15
o
m o
=
i}
3 10—
@

10
Midflame Wind Speed (upslope) {mith)

However, in realistic fire situations on a single heading fire, wind causes Flame Lengths
to increase due to increasing surface fire behavior and the result is higher Scorch Heights.
We’ll address a more realistic scenario of the relationship of wind, flame length, and

scorch in a later section.
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Above are two separate fires, both with 4 ft Flame Lengths (Andrews et al. 1989). If the
wind speed is zero, then the flame is nearly vertical. As wind increases above zero, the
flame tilts, and Scorch Height decreases. This relationship is NOT to be confused for
evaluating a single fire with increasing winds. For a single fire, increasing Midflame
Wind Speed would increase surface fire behavior resulting in increasing Flame Lengths
and greater Scorch Height.

SCORCH, SURFACE and Increasing Wind

Van Wagner’s (1973) Scorch Height equation related fire intensity to Scorch Heights
using an Air Temperature of 77° F and zero wind. These parameters are held constant in
the First Order Fire Effects Model (FOFEM v 5.7), but they can be changed in
BehavePlus.

By linking the SURFACE and SCORCH modules, Flame Length can be predicted using
the SURFACE module and used to calculate Scorch Height in SCORCH.

We’ll run a simulation whereby surface fire behavior outputs are produced using the
SURFACE module, and then Scorch Height is predicted using those fire behavior
outputs. Both of the output variables Fireline Intensity and Flame Length from the
SURFACE module can be used to predict Scorch Height. We’ll use Flame Length for
this simulation.

» Open the BasicStart.bpw worksheet.

» Go to Configure > Module selection and select SURFACE.

» To simplify the input screen, go to Options..., select the Fuel & Moisture tab and
select Moisture is entered by dead and live category.

Select the Basic Outputs tab and make Flame Length as the only output.

Click Ok.

Select SCORCH, and open SCORCH > Options....

Click on the Output Variable tab and make sure Scorch Height is selected.
Click on the Input Options and sclect Surface fire intensity is entered as
flame length.

Click Ok.

Make sure both SURFACE and SCORCH are selected.

Click Ok.

Enter Fuel/Vegetation, Fuel Moisture, Weather and Terrain input as shown
below.

YVVV WV VVV VY
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gBehaveplus 5.00 Wed, Mar 17, 2010 at 13:55:38 Page 1
;o ™
Inputs: SURFACE, SCORCH
Description [Linking SURFACE and SCORCH, Fuel Maodel 10
Fuel/Vegetation, Surface/Understory
Fuel Model [10
Fuel Moisture
Dead Fuel Moisture %4 |5
Live Fuel Moisture % |8El
Weather
Midflame Wind Speed (upslope) ~ mifh [0, 1. 2. 3. 4, 5.6, 7. 8, 9. 10
Air Ternperature oF |’77
Tetrain
Slope Steepness % [0

Scorch and Mortality Lesson

Note: Midflame Wind Speed is represented by a range of wind speeds from 0 to 10 mi/h

with 0% Slope.

» Calculate the Run.

» Click Ok.
b =8 BehavePlus 5.0.0 Wed, Mar 17, 2010 at 13:55:38 Page 2
a ™

Linking SURFACE and SCORCH, Fuel Model 10

Iidflame Flame Scorch
Wind Speed Length Height
mith i f
0 1.9 g
1 2.6 1z
2 3.4 15
3 4.2 23
4 4.9 27
5 5.6 31
& 6.2 34
7 6.8 37
8 7.4 40
9 G.0 42
10 §.5 44
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@BehavePlus 5.0.0 Wed, Mar 17, 2010 at 13:55:28 Page 3

P

Linking SURFACE and SCORCH, Fuel Model 10 N

Flame Length {ft)
|

0 T | T | T | T ‘ T | T | T | T | T | T

Widflame Wind Speed (upslope) (mith)

?g BehawePlus 5.0.0 Wed, Mar 17, 2010 at 13:55:38 Page 4

/f

Linking SURFACE and SCORCH, Fuel Model 10 N

Scorch Height (f)
jov
h

R
0 1 2 3 4 5 & 7 8 9 10
Midflame Wind Speed (upslope) (mith)

As Midflame Wind Speed increases from 0 to 10 mi/h, Scorch Height increases from 9 to
50 feet for Fuel Model 10. The corresponding increase in Scorch Height with wind is due
to the corresponding increase in Flame Length (from 1.9 to 8.5 feet). An increase in wind
resulted in an increase in surface fire behavior outputs such as Flame Length and Fireline
Intensity, which resulted in higher Scorch Heights.

Tabular output showing both Flame Length and Scorch Height are shown because we
selected Flame Length as an output in the SURFACE module. It was not necessary to
select Flame Length or Fireline Intensity as Basic Outputs in the SURFACE module to
compute Scorch Height; however, you will need to select the SURFACE module itself,
even if no outputs are reported. If SURFACE is not selected, you will be required to input
Flame Length or Fireline Intensity directly to compute Scorch Height.
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SCORCH and variable temperature

Scorch and Mortality Lesson

The previous scenario demonstrated how Flame Lengths and Scorch Heights change with
Midflame Wind Speed. We’ll do the same with increasing Air Temperature.

» Continue using the Worksheet above.

» Change the Midflame Wind Speed and Air Temperature as below.

gBehavePlus 50.0 Wed, Mar 17, 2010 at 14:15:55 Page 1
7 ™
Inputs: SURFACE, SCORCH
Descrption |Sr:orr:h Height for Fuel Model 10, Increasing Temp
Fuel/Vegetation, Surface/Understory
Tuel Model [10
Fuel Moisture
Dead Fuel Moisture %% |E.
Live Fuel Moisture 0% |BD
Weather
Midflame Wind Speed (upslope) mith [0
Axr Temperature oF [0 100
Tetrain
Slope Steepness Y |o
» Calculate the Run.
» Click Ok.
s |
b =% BehaweFlus 5.0.0 Wed, Mar 17, 2010 at 14:15:55 Page 2
. ™
Scorch Height for Fuel Model 10, Increasing Temp
pitig Flame Scerch
Termp Length Height
oF ft f
0 1.9 4
100 1.9 12
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mBehavePlus 5.0.0 Wed, Mar 17, 2010 at 14.15:55 Page 4

- Scorch Height for Fuel Model 10, Increasing Temp ™

Scorch Height (ft)
[=a)

0 I | I | I | I | I | I ‘ I ‘ I ‘ I | I
0 10 20 30 40 50 &0 70 g0 a0 100
Lur Temperature (oF)

Scorch Height increases with associated increases in Air Temperature. This occurs even
as Flame Length stays constant, because Flame Length is not dependent on Air
Temperature and does not directly change with increasing temperature. Scorch Height
increases more dramatically as wind speed increases as compared to temperature.

FOFEM and BehavePlus

Both FOFEM and BehavePlus compute Scorch Height and Probability of Mortality using
the same equations. FOFEM, however, holds Air Temperature constant at 77°F and wind
constant at 0 mi/h. BehavePlus allows the user to change these variables, which markedly
affects Scorch Height, as shown in the scenarios in this lesson.

SCORCH and backing fire

As wind increases, heading fire behavior usually increases, but the situation may be
different for a backing fire. While most fire behavior prediction models are created and
used best when predicting heading fires, BehavePlus has options to predict backing fire
behavior. This may be pertinent when evaluating possible fire effects for planning an
ignition pattern for a prescribed fire or burnout.

e Ifabacking fire is planned, what is the possible range of Scorch Heights when
Midflame Wind Speed ranges from 0 to 10 mi/h?

Continue with the worksheet above.

Go to Configure > Module selection > SURFACE > Options....

Select the Directions tab and choose Surface fire spread direction is in
directions specified on the worksheet.

» Add the output variable Surface Rate of Spread.

» Press Ok.

YV VYV
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» Enter input as shown below. Midflame Wind Speed ranges from “0” to “10” mi/h.
Slope is “5%.” A value of “180” degrees from upslope represents the backing fire
spread direction. Change the Air Temperature to “77°F”.

@BehavePlus 5.0.0 Wed, Mar 17, 2010 at 14:31:31 Page 1
s ~
Inputs: SURTACE, SCORCH
Description [Backing Fire & Scorch Height for Fuel Model 10
Fuel/Vegetation, Surface/Understory
Fuel Model 10
Fuel Moisture
Dead Fuel Moisture U ‘6
Live Fuel Moisture % ‘BU
Weather
Whdfame Wind Speed (upslope) mr'h ‘D, 1, 2, 3. 4, 5, 6, 7, &, 9, 10
Air Temperature oF \77
Terrain
Slope Steepness 2% s
Fire
Spread Direction (from upslope) deg ‘13D

An important assumption with wind and slope when linking SCORCH and SURFACE
needs to be addressed. Midflame Wind Speed is used in the Scorch Height calculation in
SCORCH. Effective Wind Speed is used in the calculation of Flame Length in
SURFACE. Effective Wind Speed is the combined effect of slope and wind.

The Scorch Height model was developed for flat ground and should be used on slopes
with care. If SCORCH is used when the percentage of slope is greater than zero, the slope
is essentially ignored except in the effect that it has on the Flame Length calculations in
SURFACE. SCORCH uses Midflame Wind Speed as if the fire were on flat ground.

?:-:;BehavePlus 500 Wed, Mar 17, 2010 at 14:31:31 Page 2
a ™
Backing Fire & Scorch Height for Fuel Model 10
IMidflame Eate of Flame Scorch
Wind Speed Spread Length Height
mith chfh ft ft
0 0.6 1.5 b
1 0.5 1.4 5
2 0.5 1.4 4
3 0.5 1.4 3
4 0.5 1.5 2
5 0.5 1.5 2
3 0.5 1.5 1
7 0.5 1.5 1
8 0.5 1.5 1
9 0.5 1.5 1
10 0.5 1.5 1

Slope was set at 5% for this example. If slope had been set to 0%, at 0 mi/h Midflame
Wind Speed, the only difference would be an increase in Flame Length (1.9 feet) and
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Scorch Height (8 feet). At zero Midflame Wind Speed, slope is used to calculate
Effective Wind Speed, which is then used to compute Flame Length and consequently
Scorch Height. As soon as the Midflame Wind Speed exceeds 1 mi/h, a 5% slope

becomes negligent in the calculation of Effective Wind Speed and does not make a
difference in Scorch Height for backing fires.

The answer to our initial question is that Scorch Heights will range from 1 to 5 feet for
Midflame Wind Speeds of 1 — 10 mi/h for a backing fire ignition pattern.

%BehavePlus 5.00 Wed, Mar 17, 2010 at 143131 Page 5
. Backing Fire & Scorch Height for Fuel Model 10 N
3
5|
4 —
&
@ .
o 3—
&
e
24
g |
1 —]
0 T ‘ T ‘ T | T | T ‘ T | T | T | T ‘ T
0 1 2 3 4 5 & 7 2 9 10
Midflame Wind Speed (upslope] (mifh)

Both tabular and graphical output show that for backing fire, Scorch Height decreases
with increasing Midflame Wind Speed. This occurs because upslope wind will not
increase backing fire behavior as it would for a heading fire. Flame Length stays
essentially constant at approximately 1.5 feet (see table on p. 10) as Midflame Wind

Speed increases from 0 to 10 mi/h. Increasing wind will tilt or flatten the flame, resulting
in lower Scorch Heights.

SURFACE, SCORCH and MORTALITY

The SURFACE, SCORCH and MORTALITY modules will be linked for this next
example. The indents in the Module Selection window indicate that modules can be
linked, with outputs from one module becoming inputs to another module.
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B BehavePlus 5.0.0 Module Selection

4= Baclc | o Frod

Aol o -

Module

%;(“2 Selection

v Surface Fire Spread (SURFACE)  Options. ..

I~ Crown Fire (CROWLI) Options...

I~ Safety Zone (SAFETY) Ogptions. ..

Size of a Pt Source Fire

Options...
(SIZE) ptions
Fire Containment Options Check those Modules you wish to activate.
(CONTAT)
. . _ Indentation indicates modules that can be linked
B Spfiing IDisEes (10T Options... together, with the output from one used as input
=P [V Crown Scorch (SCORCH) Options. . to the next.
Tree Mortali Press a Module's Options... button to configure
— [ ree Aortally Ogptions... : :
(MORTALITY) its input options or change the set of output

variables it calculates.

FIEEE e

I~ Probability of Tgnition (IGHTTE) Options. .
Checking the box Display output distances in

map uniis adds map descriptors to the

wotksheet so output variables such as "spread

I~ Table shading for acceptable fire conditions distance” are displayed in both real world and

map units. Checking the box Table shading for
acceptable fire conditions adds a section to the [

™ Display output distances i tap uts

¥ Picture v Help

Ok Cancel

When SURFACE, SCORCH, and MORTALITY are selected, the Flame Length
calculated in SURFACE is used in the calculation of Scorch Height in SCORCH, which
is used in turn to calculate tree mortality (Probability of Mortality) in MORTALITY.
However, MORTALITY can also be used as an independent module, with user input of
Scorch Height.

Tree Mortality

Probability of Mortality is the likelihood that a tree will be killed by a fire. The equation
used to calculate Probability of Mortality depends on Mortality Tree Species. There are
12 mortality equations, which variously include Bark Thickness, Tree Crown Length
Scorched, DBH, and/or Tree Crown Volume Scorched. Other influencing factors are not
included in the models.

Probability of Mortality can be interpreted in two ways: (1) it is the probability of an
individual tree dying or (2) it can be multiplied by the number of trees on a site to
estimate the number of trees per area that will die. Probability of Aspen Mortality is
calculated by a different model and is available by selecting the western aspen special
case fuel model in SURFACE (see the Special Case Fuel Model — Western Aspen
Lesson for more details).
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MORTALITY

The first scenario will use the MORTALITY module by itself.

VVVVY

Go to Module selection > MORTALITY > Options....
Select the Output Variable Probability of Mortality.
Make sure MORTALITY is the only module selected.
Press Ok.

Enter Fuel/Vegetation and Fire input as shown below.

mBehavePlus 5.0.0 Wed, Mar 17, 2010 at 154325

Page 1

K

Inputs: MORTALITY

Description |Morta lity of white fir
Fuel/Vegetation, Overstory

Canopy Height ft [z0
Crown Ratio fractien |D .7
Mortality Tree Species |ABICON
DBH m B [is

Fire
Scorch Height ft [40

Scorch and Mortality Lesson

The species chosen was white fir (ABICON or 4bies Concolor). The BehavePlus Help
window indicates that the MORTALITY equation for white fir is specific to this species.

To find out more about this equation follow instructions below.

>
>
>

Click the Module selection ( ) toolbar button.

Click the Options button for the MORTALITY module.

Place cursor over (hover over) Probability of Mortality and look at the Help

window.

Scroll down in Help and click on Tree Species Bark Thickness & Mortality

Equations.

April 7,2010
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B BehavePlus 5.0.0 MORTALITY Module Options

I~ Bark Thickness

I~ Tree Crown Length Scorched

™ Tree Crown Volume Scorched

v Probability of Mortality

v Picture v Help

Bark thickness i1g estinated from the tree species and U E H using ﬂ

Scorch and Mortality Lesson

L Back = Frwd HiHome | B Tndex |

equations from Firs: Order Fire Effects Model: FOFEM 4.0 User's
Guide (Feinhardt, ED | B E Keane, and T K Brown, 1997)

New fire mortality equations are from the JFSP Eeport
#05-2-1-105 Delayed Tree Mortality following Fire in Western
Canifers (Hood, 3., 3. Stnith, D. Cluck, E. Reinhardt, and K. Ryan,
2008)

Each tree species has a batk thickness equation and a fire mortality
equation assoct it it

® Tree Species Bark Thickness & Mortality Equations >
See Also

® Barle Thickness
& Nortality Tree Species

Links

® “Variable Index

® Fioure Index -
«| | »

» For more space, remove the picture by clicking next to Picture.
» Scroll down the Help window again to the Predicted Probability of Tree Mortality

Equations table.

B BehavePlus 5.0.0 MORTALITY Module Options

Output Variables ‘
@ Back m Frwd Y Home & Tndex ‘
Predicted Prohabhility of Tree Mortality Equations =l
. (BT = Bark Thickness {cm), CL3 = Crown Length Scorched (%), CV3 = Crown Volume Scorched |
B Bl Whitlsirese %), DBH = Diameter at Breast height (cm)
Mortality | Scientific Common Mortality Equation
Equation Name Name
M 1o (oo L geia Seeitinad 1 Mon-Spruce, | Pp=1[1+exp(-1.941+6.316 * (1.0 -
unless exp(BTY) - 5.35 * CVE%)
listed below
I~ Tree Crown Volume Scorched 3 Spruce, Fa=11+ezp(-1341+6316*(10 -
utless exp(BI)) - 535 * CVSZ)];
hsted below fF,P,=08
¥ Probability of Mortality 4 Abies “White fir Py = U1+ exp(-(-3.5083 + (0.0856 *
cancaior CLS) - (0.00184 * CLS%) + (0.000017 *
CLS]
5 Abies Red fir Py = U1+ exp(-(-2.3085 + (0.00000405%
magnifica * LS
[~ Picture v Help
I3 Fibwmnmdmic Treenee redar | B = 11 & conf-t-d 2466+ annnn7173 | 7

Ok | Cancel‘
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It is important to note with the equation for Abies concolor (Equation 4) that CLS is the
only predictor variable. Consequently, a value for CLS will change the Probability of
Mortality for white fir.

e Look at the top of the table to find the definition for CLS.
CLS = Crown Length Scorched (%)

e To find out how Crown Length Scorched (CLS) is computed, move your cursor
over that variable in the left-hand portion of the window and read the Help. Note
the figure relating that measurement to other variables.

B BehavePlus 5.0.0 MORTALITY Module Options

Output Variables l

EBack | o Frwrd Y Horme & Tndex

Tree Crown Length Scorched

I Bark Thickness
Tree crown length scorched is calculated as
® scorch height - (canopy height - live crown length).

If scorch height is greater than the canopy height, then tree crown length scorched is set equal to the
tree crown length. Tree crown length scorched is used to calculate percent tree crown volume
scorched, which is used to caloulate tree mortality for some species.

[~ Tree Crown Length Scorched
Lo MModule ¥ Notes

Input None

Output | MOERTALITY

[~ Tree Crown Volume Scorched

Tree crown
length

Canopy
height

v Probability of hortality

T

Tree crown
length scorched

Scorch

Canopy height
Base height

[ Picture v Help
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» Select Tree Crown Volume Scorched.
» Click Ok twice.

» Calculate the Run.

» Click Ok.

Tree Crown Length Scorch is computed from Scorch Height and the difference between
Canopy Height and live crown length.

@BehavePlus 500 Wed, Mar 17, 2010 at 1543.25 Page 2
Mortality of white fir
Tree Crown Length Scorched 16.0 &
Frobability of Mortality 13 %

This exercise exhibits a basic understanding of the MORTALITY module and the
equations that compute probability of mortality.

SURFACE, SCORCH and MORTALITY
Next, we’ll link the SURFACE, SCORCH and MORTALITY modules together.

By linking these modules together, we’ll first compute fire behavior using the SURFACE
module. The Flame Length predicted in the SURFACE module will be used to compute
Scorch Height in the SCORCH module. Finally, the predicted Scorch Height will be used
to compute the Probability of Tree Mortality in the MORTALITY module.

Open the BasicStart.bpw Worksheet.

Go to Configure > Module selection > SURFACE > Options....

Go to the Basic Outputs tab and select only Flame Length.

On the Fuel & Moisture tab sclect Moisture is entered by dead and live
category.

Go to the Directions tab and make sure Surface fire spread direction is only in
the direction of maximum spread is selected.

Press Ok.

VVVYY

A\

A\

Next, select the SCORCH Module. Go to Options....

Go to the Inputs Options tab and select Surface fire intensity is entered as
flame length.

Go to the Output Options tab and make sure Scorch Height is selected.

Press Ok.

VV VY

Finally, select the MORTALITY Module. Go to Options....

Select Tree Crown Volume Scorched and Probability of Mortality on the Output
Variables Tab.

» Press Ok twice.

Y VY
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Scorch and Mortality Lesson

» Enter Fuel/Vegetation (Surface/Understory & Overstory), Fuel Moisture,
Weather, and Terrain as shown below.

P‘% BehaveFlus 500

Wed, Mar 17, 2010 at 16:07:07

Page 1

-

Inputs: SURFACE, SCORCH, MORTALITY

Description [Mortality of Western Larch
Fuel/Vegetation, Surface/Understory

Fuel Model |10
Fuel/Vegetation, Overstory

Canopy Height ft [a0

Crown Ratio fraction [o.7

Mortality Tree Species [LaRoce

DRH in [15
Fuel Moisture

Dead Fuel Moisture % I3

Live Fuel Moisture % |20
Weather

Midflame Wind Speed (upslope) raith [5

Air Temperature oF [77
Terrain

Slope Steepness % |20

Run Option Notes

Mlamirnaen rebiable effective wind speed lirnit IS inpesed [SURFACE].
Calculations are only for the direction of masimum spread [SURFACE]

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

Wind 15 blowmg upslepe [SURFACE]

Output Variables

Flame Length (f) [SURFACE]

Scorch Height (i) [SCORCH]

Tree Crown Volume Scorched (*) [MORTALITY]
Probability of Mertality (%) [}MORTALTTY]

Let’s quickly review. Fuel/Vegetation, Surface/Understory; Fuel Moisture; Weather;
and Terrain sections are all required to compute SURFACE fire behavior. The

Fuel/Vegetation, Overstory section is necessary to compute Scorch Height (SCORCH)
and Probability of Mortality (MORTALITY).

> Calculate the Run.

% BehavePlus 5.0.0

Wed, Mar 17, 2010 at 16:07:07

Page 3

-~

Mortality of Western Larch
Flame Length 5.7
Scorch Height 33
Tree Crown Volume Scorched 29
Probability of Mortality 7

ft

%4
%

Given the input conditions, a 5.7 feet Flame Length was predicted in SURFACE.
SCORCH used that Flame Length to predict a Scorch Height of 33 feet for this tree.
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MORTALITY used that Scorch Height to predict a 7% Probability of Mortality by using
29% Tree Crown Volume Scorched and 15-inch DBH in the mortality equation specific
to western larch. See the Help window for details on that particular equation, which uses
both Tree Crown Volume Scorched and DBH as predictor variables.

Bark Thickness

Bark Thickness is used to calculate tree mortality for many tree species that do not have a
specific mortality equation. Bark thickness is calculated from Mortality Tree Species and
DBH using equations from First Order Fire Effects Model: FOFEM 4.0 (Reinhardt and
others, 1997). There are 39 separate Bark Thickness equations for a variety of species.

Bark Thickness is an output of the MORTALITY module.

Open the BasicStart.bpw Worksheet.

Select only the MORTALITY Module. Go to Options.....

Select Bark Thickness and Probability of Mortality on the Output Variables tab.
Press Ok twice.

VVVY

A\

Enter Fuel/Vegetation, Overstory variables as shown below.

gBehavePlus 500 Wed, Mar 17, 2010 at 16:15:35 Page 1

. o

Inputs: MORTALITY
Description | [Bark Thickness - White fir
Fuel/Vegetation, Overstory
Mortality Tree Species |ABICON
DEH m B [i5

This Bark Thickness equation is specific to white fir and uses DBH to compute a Bark
Thickness of 0.7 inches.

mBEhavePlus 500 Wed, Mar 17, 2010 at 16:15:35 Page 2

Bark Thickness - White fir

Bark Thickness 0.7 in

Implications of Model Changes from Version 4.0 to Version 5.0

The tree mortality equations in BehavePlus match those in FOFEM. When the FOFEM
models were updated, they were also updated in BehavePlus version 5.0. A user of
BehavePlus 4.0 (or of FOFEM before the update) should be aware of differences in
mortality predictions.
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In BehavePlus version 4.0 (BehavePlus4) there were only two equations for tree
mortality: one for spruce and one for all other species. Bark Thickness was calculated
from tree species using one of 39 Bark Thickness equations. Probability of Mortality was
subsequently calculated from Bark Thickness and Crown Volume Scorched. In version
5.0 (BehavePlus5), 10 species-specific mortality equations were added (Hood and others
2008). Thus, there are a total of 12 mortality equations in BehavePlus5: 10 species-
specific equations and two general equations (for all other species, classified as either
spruce or non-spruce). In some cases, the resulting difference in Probability of Mortality
is large. See the Help window for a table of species and equations.

Both BehavePlus4 and BehavePlus5 can be installed on your computer at the same time
if you want to perform comparison runs. To make the following comparison, outputs
were exported from both versions of BehavePlus (File>Export Results); saved as an
HTML file; and opened and analyzed in Microsoft® Excel.

This example demonstrates the difference between the old (BehavePlus4) and new
(BehavePlus)5) calculations for mortality for an 85 feet tall, 15 inch diameter ponderosa
pine (PINPON) with 90% Crown Ratio. The difference in mortality is as much as 46%
(when Scorch Height is 50 feet). The curves look similar, but the magnitude of mortality
is different. Version 4.0 predicts a higher mortality rate with the input parameters
compared to version 5.0 for this example.

100
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=10

| == Versions

IProbability of Mortality (%)
a

A

..__.___._,...-I-
I:' L I I I I I I I

0 10 20 30 40 50 60 70 20
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BehavePlus BehavePlus
Version 4.0  Version 5.0
Probability  Probability
Scorch Height of Mortality of Mortality Difference

(feet) (%) (%) (%)
0 0 0 0
10 12 6 6
20 17 7 10
30 32 10 22
40 57 17 40
50 79 33 46
60 91 55 36
70 95 72 23
80 96 79 17

Summary

We calculated crown Scorch Height using only the SCORCH module. Necessary inputs
included Air Temperature, Midflame Wind Speed and Flame Length. Once a range of
increasing winds was included, a possible misinterpretation of the SCORCH output was
addressed: a range of increasing Midflame Wind Speed results in lower Scorch Height,
when Flame Length is kept constant. This would only occur on separate fires or possibly
on a backing fire. For any given fire, increasing Midflame Wind Speed would increase
surface fire behavior resulting in increasing Flame Lengths and greater Scorch Height.
This relationship can help a person understand the basis of the Scorch Height model.

We linked the SURFACE and SCORCH modules to produce the Fireline Intensity or
Flame Length necessary to compute Scorch Height. A user should be aware that FOFEM,
another common fire effects modeling system, uses a constant temperature of 77°F and a
constant 0 mi/h Midflame Wind Speed (no wind). BehavePlus allows the effect of both
wind speed and temperature to be modeled.

Finally, we linked the SURFACE and SCORCH modules to MORTALITY,
demonstrating that Probability of Mortality can be calculated using BehavePlus or
directly from field measurements (using only MORTALITY). There are 10 new species-
specific Probability of Mortality models, which can be examined in the Help window of
BehavePlus. Using BehavePlus versions 4 and 5, we examined the impact of the new
models on estimates of Probability of Mortality using Ponderosa pine in our example.
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