Table Shading Lesson Operation Unit

Introduction

A primary use of the table shading for acceptable fire conditions option of BehavePlus is
for prescribed fire planning. Acceptable conditions (such as 2 to 4 ft flame length) can be
defined; unacceptable conditions are shaded (crossed off or left blank) on output tables.
In this way conditions (such as wind speed and dead fuel moisture) that result in
acceptable conditions can be identified.

The approach used in BehavePlus is different from that in the RXWINDOW program of
the old BEHAVE system (Andrews and Bradshaw 1990). That program attempted to
reverse the calculations to determine environmental conditions that corresponded to
specified fire conditions. This is not feasible now that additional fire models (such as
crown fire) are available.

Objectives

1. Practice implementation of the table shading option in BehavePlus.
2. Define acceptable fire conditions within the program.
3. Produce and interpret tables with crossed out and blank values.

Where This Lesson Fits In

This lesson is an optional lesson in the Operations Unit. Focus is on operation of the
program. A lesson in the Application Unit uses the methods learned here to develop burn
prescriptions.

Lesson Changes: V4.0 to V5.0

Changes to the BehavePlus program did not require changes to this lesson. The Variables
paper was updated. We updated the headers and footers, but did not redo many of the
screen captures labeled BehavePlus 4.0.0.
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BehavePlus Version 5.0

The Final Product
Following is a simple example of a worksheet and resulting ‘shaded’ table. We will go
through the steps necessary to produce these results.

Table Shading Lesson

g BehavePlas 4.0.0

Sat, Mar 08, 2008 at 16:4341

Page 1

K

Inputs: SURFACE

Deserption a IExample: acceptable FL =

2 to 8 ft

A dministrative Tnit a |North End
Prescribed Fire Iame a |B1ue Bird
Prepared By ﬂ [Mr. Smith
FuelVegetation, Swface/Understory
Fuel Model Bz
Fuel Moisture
Dead Fuel Moisture % allil, 13, 12, 11, 10, 9, &, 7, 6, §
Live Fuel Moisture 0% a |12D
Weather
Midflame Wind Speed (upslope) mifh ﬂ|D.U, 2.0, 4.0, 6.0, B.0, 10.0
Terram
Slope Steepness % a |U
Acceptable Fire Conditions
Flarme Length ® - [2.0 BN
m BehavePlus 4.0.0 Sat, IMar 02, 2008 at 16:46:24 Page 2
4 R
Example: acceptable FL =2 to 8 ft
Flame Length (ft)
Diead Fuel Midflame Wind Speed (upslope)
doisture mith
Y% 0.0 2.0 4.0 6.0 80 10.0
14 2.1 2.1
13 2.9 4.0 Sad 6.1
12 2.2 3.6 4.9 b.2 7.4
11 2.5 4.1 5.6 7.0
10 2.7 4.4 6.1 7.7
9 2.9 4.7 b.4
] 3.0 4.8 6.6
7 8ol 5.0 6.8
6 3.1 5.1 7.0
5 3.3 5.3 7.3
4 3.4 5.6 7.7
3 2.0 3.7 6.0
2 2.2 4.1 6.6

Creating the Worksheet
» Open the SurfaceSimple.bpw worksheet.
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BehavePlus Version 5.0 Table Shading Lesson

Adding Acceptable Fire Conditions

» Click the Module Selection button (L==1).
» Check Table shading for acceptable fire conditions.
» Click Ok to return to the worksheet.

B3 BehavePlus 4.0.0 Module Selection

= Bacle | ) Frwvd

v Surface Fire Spread (SURFACE)  Options... | \ LW
™ Crown Fire (CROWI) Options... | Module

v

I Safety Zone (SAFETY)  Options... | %{‘2 Selection
Size of a Pt Source Fire .
I (SIZE) Options |

Fire Contanment : | Check: those Maodules vou wish to activate
r (CONTAIN) Options...
. . _ Indentation indicates modules that can be linked
I Sipefitag ikiwER (SO Options.. | together, with the output from one used as mput

[~ Crown Scorch (SCORCH)  Options... | to the next.

Tree Mortality . Press a Module's Options... button to configure
- MORTALITY) M its it options or change the set of outpat

» ) wariables it calculates.
[~ Probability of Tgnition (IGHTTE) Options... |
Checlking the box Display output distances in

map units adds map descriptors to the
worksheet so output vaniables such as "spread
v Table shading for acceptable fire condiions distance” are displayed in both real world and
map units. Checking the box Table shading for

[ Dhisplay cutput distances i map units

_ accepiable fire conditions adds a section to the
v Ficture v Helw S P _— |

Ok Caicel |

Add Additional Header Lines for Prescribed Fire

» To add additional header lines, click on Configure > Appearance preferences >
Worksheet.

» Check on Prescribed fire plan worksheet header.

» Click Ok.

Application | Graph Zize | Graph Elements | Page Tabs | Tables | .

v Prescribed fire plan worksheet header

[~ Fire behawior projection worksheet header

[~ Training worksheet header

Change the Selected Output Variables.

» Click on Module Selection > Surface Options... > Basic Outputs

» Remove all output variables except Flame Length.

> Enter values on the worksheet as follows to look similar to the example at the
beginning of this lesson. The worksheet will not look exactly the same as we will
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Table Shading Lesson

be making additional changes throughout the lesson to demonstrate different

techniques.

(0]

O O0O0O00O0

o

Header lines: Whatever text you want.

Fuel Model: 2

Dead Fuel Moisture: 2 to 14 step 1
Live Fuel Moisture: 120%

Midflame Wind Speed: 0 to 10 step 2

Slope: 0

Acceptable Fire Conditions, Flame Length: 2 to 8
Don’t check the box by Flame Length for now.
» Click on the Calculate button.

» Remove the check for Display graph results.
» Click Ok.

A table for Flame Length is produced without shading.

Notice that flame length increases with increasing wind, left to right in a row.

P—g BehaveFlus 4.0.0

Sat, Mar 08, 2008 at 17:05:04

Page 2

-~

Dead Fuel
Mloisture

Example: acceptable FL=2to 8 ft

0.0
2.2
2.0
1.9
1.8
1.7
1.7
1.6
1.6
1.5
1.4
1.2
1.0
0.4

Flame Length (ft)

Midflame Wmd Speed {(upslope)
mifth
2.0 4.0 6.0
4.1 6.6 9.1
3.7 6.0 8.3
3.4 5.6 7.7
3.3 5.3 7.3
3.1 5.1 7.0
3.1 5.0 6.8
3.0 4.8 6.6
2.9 4.7 6.4
2.7 4.4 6.1
2.5 4.1 5.6
2.2 3.6 4.9
1.8 2.9 4.0
0.8 1.2 1.7

11.
10.

ST, R AR RS (R« R = R = s R Ve

10.0
13.
12.
11.
11.
10.
10.

—
o
[ R s B N T R s BT =]

[N R R« s R

Furthermore, notice that flame length decreases with increasing moisture, top to bottom

in a column.

It makes more sense to change the table so that Flame Length increases with decreasing
moisture, top to bottom.
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BehavePlus Version 5.0

Table Shading Lesson

» Enter the following for dead fuel moisture, using the guide button for that

variable.

You can use a negative step size to reverse the order of values on the table.

From

Thru

=tep

(1 - 6005

14

_1|

> Recalculate the run to get the following table which shows increasing flame
length with increasing wind and decreasing moisture.

gBehavePlus 4.0.0 Sat, Mar 08, 2008 at 17:08:38 Page 2
e A
Example: acceptable FL=2to 8t
Flame Length (ft)

Dead Fuel Midflame Wind Speed (upslope)

Moisture mith

%% 0.0 2.0 40 6.0 20 10.0
14 0.4 0.8 1.2 1.7 2.1 Z.1
13 1.0 1.8 2.9 4.0 5ol B.1
12 1.2 2.2 3.6 4.9 6.2 7.4
11 1.4 2.5 4.1 5.6 7.0 8.5
10 1.5 2.7 4.4 b.1 7T 9.2
9 1.6 2.9 4.7 b.4 8.1 9.7
] 1.6 3.0 4.8 G.6 8.4 0.1
7 1.7 3.1 5.0 6.8 8.6 10.4
6 1.7 3.1 5.1 7.0 8.9 10.7
5 1.8 3.3 5.3 7.3 9.2 11.1
4 1.9 3.4 5.6 7.7 9.7 11.7
3 2.0 3.7 6.0 5.3 10.4 12.5
2 2.2 4.1 6.6 9.1 11.5 13.8

Enable Table Shading Option
» Add a check mark by the specified acceptable flame length values.

Acceptable Fire Conditions
Flame Length

-|58.

» Calculate the run again.
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BehavePlus Version 5.0 Table Shading Lesson

Flame Length values that are outside the acceptable range are crossed off.

%BehavaPlus 4.0.0 Sat, Mar 08, 2008 at 17:13:.07 Page 2

Example: acceptable FL=2to 8 {t
Flame Length (ft)

Dead Fuel Midflame Wind Speed (upslope)
loisture mih

%
14
13
12
11
10
9

[SCR TS SR - ]

Notice that higher Midflame Wind Speeds are acceptable when the Dead Fuel Moisture is
higher (wetter).

Once you get the “prescription window’ table that you want, you can produce a table with
blank cells rather than with crossed off values.

» Click on Configure > Appearance preferences > Tables Tab.
» Check the box by Show only acceptable conditions when table shading.
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BehavePlus Version 5.0 Table Shading Lesson

o
Applcation | Graph Size | Graph Elements | Page Tabs | : I Worksheet |
& Eacl | mp Frrd | YiHome > Tndex
B
v Shade alternate table rows # Shade
Select a table row background shade from the
drop-down list. The current shade appears as the
first list ttem.
Zhade ILight Grey VI
® Show only acceptable conditions when table
shading
- This option is meaningfil only when Table shading
Show only acceptable conditions . )
v hen table shadi Jar accapiable fire conditions 1z checked mn the
N R Module Selection window. When this option iz
checked, blank cells indicate unacceptable values.
TWhen this option is not checked, unacceptable
values are crossed out.
v Ficture ¥ Help Links -

ok | cancel |

> Calculate the run.

EBehavePlus 4.0.0 Sat, Mar 03, 2008 at 17:25:36 Page 2
. ™
Example: acceptable FL =2 to 8 ft
Flame Length (ft)

Diead Fuel Midflame Wind Speed {upslope)

Idoisture mith

% 0.0 2.0 4.0 6.0 8.0 10.0
14 2.1 2.1
13 2.9 4.0 5.1 6.1
12 2.2 3.6 4.9 6.2 7.4
11 2.5 4.1 5.6 7.0

10 2.7 4.4 6.1 7.7

3 2.9 4.7 6.4

3 3.0 4.8 6.6

7 &ad 5.0 6.8

6 3.1 5.1 7.0

5 3.3 5.3 7.3

4 3.4 5.6 7.7

3 2.0 3.7 6.0

2 2.2 4.1 6.6
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BehavePlus Version 5.0 Table Shading Lesson

Acceptable Conditions Can Be Defined for More than One
Variable

» Change the table back to cross offs so that we can see the eliminated values by
deselecting the Show only acceptable conditions when table shading box.
>

=how only acceptable conditions
when table shading

» Select the additional output variables Surface Rate of Spread and Surface Spread
Distance (keep Flame Length)

While all three variables are now listed as output variables, only Surface Rate of Spread
and Flame Length are found in the Acceptable Fire Conditions section.

Acceptable Fire Conditions
Surface Rate of Spread (mawimum) (ch/h) = ID .0 - ID .0
Flame Length mp [2.0 -[s.0

Run Option Notes
Ifazamum rehable effechive wind speed lumt 15 wnposed [STURFACE].
Caleulations are only for the direction of mammum spread [SURFACE].

Fireline intensity, flame length, and spread distance are always
for the dwection of the spread calculations [STTEFACE]

Wind 1z blowing upslope [STTRFACE]

Output Variableg
Surface Rate of Spread (mawimum) {chhy [STEFACE]
Flame Length () [SURFACE]
Surface Spread Distance (ch) [SURFACE]
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BehavePlus Version 5.0 Table Shading Lesson

Variables Available for Table Shading

Not all BehavePlus variables are available for table shading. To see the variables
available for table shading, open the Variables paper through the Help button.

[ —————
Help

About BehavelPlus
About Help
Users Guide

Zplash Page
TInstallation Info

» Click on Output Variable Table in the Table of Contents.

Contents
INTrOAUCTION ..o e e s eee e nnns 1
Alphabetical List of Variables ... 4
...................................................................................... 10
................................................................................ 16
DS O IPHIONS . e e e e e e e neeee 24
Surface Fire Spread and INtENSIY .....ccceiiimeeriir e 26
Surface Rate of Spread . 26
Flamie Lengtn e 27

» Look at the check marks in the column labeled Table shading variable.

N
Table 4—OQutput variables for BehavegPlus version 5.0.

Default , Table \ Available
Output variable output | shadingy as map English Metric
variablej| variable | distance units units
SURFACE
Basic Outputs
Surface Rate of X X 7 ch/h m/min
Spread
Heat per Unit Area X Btu/ft’ kJ/m?
Fireline Intensity X Btu/ft/s kW/m
Flame Length X X ft m
Reaction Intensity \ / Btu/ft/min | kW/m?
Direction of ~ degrees degrees
Maximum Spread
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BehavePlus Version 5.0 Table Shading Lesson

Notice that both Surface Rate of Spread and Flame Length are table shading variables,
but Surface Spread Distance is not.

Defining Acceptable Conditions for More than One Variable

» Remove spread distance as a selected output variable.
» Calculate the run.

Tables are produced for both Rate of Spread and Flame Length. Notice that the Rate of
Spread table has values that are crossed off even though we have not specified acceptable
values for Rate of Spread.

m BehavePlus 4.0.0 Sat, Mar 08, 2008 at 17:4542 Page 2

Example: acceptable FL =2 to S ft

Surface Rate of Spread (maximumn) (ch/h)

Dead Fuel Midflame Wind Speed (upslope)
Idoisture tnifh

0
L4
o5
.3
N
.6
-
.9
.0
.8
.0
.7
ol
.5

[SE T VN R SN = SRS ']

The crossed-out values on the Rate of Spread table correspond to those on the Flame
Length table. If moisture and wind conditions are not acceptable because of Flame
Length conditions, they are crossed out on all output tables.

» Specify an acceptable range of values for Surface Rate of Spread, by checking the
box next Surface Rate of Spread to apply it.
> Remove the check by Flame Length to ignore those limits for the next run.

Acceptable Fire Conditions
Surface Rate of Spread (masimum) (ch'l) @ |15 - |ZDD
Flame Length ® - 2.0 -[s.o

» Calculate the run.
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BehavePlus Version 5.0 Table Shading Lesson

Not both the Surface Rate of Spread and Flame Length tables have values crossed off to
indicate moisture and wind conditions that result in Surface Rate of Spread that is outside
the acceptable limit.

b =9 BehavePlus 4.0.0 Sat, Mar 08, 2008 at 17:52:54 FPage 2
s N\
Example: acceptable FL=2to 8 ft
Surface Rate of Spread (maximum) (ch/h)

Dead Fuel Midflame Wind Speed (upslope)

Moisture mu'h

% 0.0 2.0 4.0 6.0 2.0 10.0
14 4 o5 5 475
13 .0 .2 .9
12 - .9 .0 .5
11 .8 33.6 o ol
10 .6 37.1 .6 ]
9 .9 39.8 .0 .4
3 .9 41.8 .4 .5
7 .8 43.6 .4 .9
[ .8 45.5 .6 .6
5 .0 47.9 LB LB
4 .7 51.3 .2 .0
3 ol 56.2 o8 .0
2 .3 b3.0 .6 .9

> Now apply restrictions on both Surface Rate of Spread and Flame Length by
checking both boxes.

Acceptable Fire Conditions
Surface Rate of Spread (masimum) (ch'l) @ |15 .0 - |ZDD .0
Flame Length ® @ 2.0 -[s.o

» Calculate the run.
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Table Shading Lesson

Now conditions that fall outside the acceptable range for either the Surface Rate of
Spread or Flame Length are crossed out.

'\’% BehawvePlus 4.0.0

Sat, Mar 08, 2008 at 17:55:54

Page 2

-

Dead Fuel
Mosture
%

14

13

12

11

10

9

SR TS R S, B SR ]

Example: acceptable FL. = 2 to 8 ft
Surface Rate of Spread (maxinmuny} (ch/ly)

Midflame Wind Speed (upslope)

?%Behaveplus 400

Sat, Mar 08, 2008 at 17:55:54

-

Dead Fuel
Mloisture

[ R U R R S =]

Example: acceptable FL =2 to S ft
Flame Length (ft)

Midflame Wind Speed (upslope)

4,
4.
4,
4.
5.
5.
S
5.
G.
6.

It is good practice to calculate the run by showing the numbers that are being crossed off
so that you see what is happening. Change the table format to blank values only after
you’re sure you have the window that you want.

When you include a table in a report, it is critical that you also include the input

worksheet.
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BehavePlus Version 5.0 Table Shading Lesson

In the example in this lesson, the results would differ for a different Fuel Model, Live
Fuel Moisture, or Slope.

Summary

This lesson is a basic introduction to the BehavePlus option of table shading for
acceptable fire conditions. You need more information and practice to effectively use this
option for prescribed fire planning and other applications.

It important for you to understand the assumptions and limitations of the fire models and
the implications for applying them to prescribed fire. The models can be used by an
experienced, thoughtful, and educated user. Blind use can be trouble.

Determination of appropriate input values is a challenge. For example, what value should
be used for crown base height? Foliar moisture? Surface fuel model?

There is a challenge in considering the many variables that influence fire behavior and
fire effects. It is not possible to print a 10-dimensional table on a piece of paper. This
lesson examined tradeoffs between the effects of two environmental variables (Midflame
Wind Speed and Dead Fuel Moisture) on two fire behavior variables (Surface Rate of
Spread and Flame Length). One of many questions that can be considered involves the
relationship of 1-h, 10-h, and 100-h Fuel Moisture values to the Dead Fuel Moisture
value.

There is a limit to the number of columns on a BehavePlus output page. You can format
tables to suit your needs by exporting your results to a spreadsheet.

All of these issues, and others, are addressed elsewhere.
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Exercise

Table Shading Lesson

Continuing with the example in this lesson, change the Acceptable Fire Conditions so
there will be no transition to crown fire. The changes will result in the following

worksheet.

Oct. 23, 2009

#ﬂ BehavePlus 4.0.0

Sat, Mar 08, 2008 at 17:55:54

Page 1

-

Inputs: SURFACE, CROWN

Diescription a [Example: Mo Transition to Crown Fire

A dmindstrative Thnit ﬂ |North End
Prescribed Fire Name a |Blue Bird
PBrepared By B e smitn
Fuel/Vegetation, Surface/Understory
Fuel Model B
Fuel'Vegetation, Overstory
Canopy Base Height ft a |15
Fuel Moisture
Diead Fuel Moisture % a |14, 13, 12, 11. 10, 9, 7. b
Live Fuel Moisture % ﬂ |120
Foliar Moisture U a |1[|[|
Weather
Midflame Wind Speed (upslope) wih B[40, 6.0, 8.0, 10.0, 12.0
Terrain
Slope Steepness % a |D
Acceptable Fire Conditions
Surface Rate of Spread (mazimurm) (chh) |15 .0 - |2DD .0
Flame Length @ - |2.0 -Je.o
Transition to Crown Fire 7 F MHo
I Yes
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