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Abstract

Andrews, Patricia L.; Bevins, Collin D.; Seli, Robert C. 2008. BehavePlus fire modeling system, version 4.0:
User's Guide. Gen. Tech. Rep. RMRS-GTR-106WWW Revised. Ogden, UT: Department of Agriculture, Forest
Service, Rocky Mountain Research Station. | 16p.

This publication has been revised to reflect updates made to version 3 of the BehavePlus software, it was
originally published as the BehavePlus fire modeling system, version 2.0 User’s Guide in June, 2003

The BehavePlus fire modeling system is a program for personal computers that is a collection of mathematical
models that describe fire and the fire environment. It is a flexible system that produces tables, graphs, and
simple diagrams. It can be used for a multitude of fire management applications including projecting the behavior
of an ongoing fire, planning prescribed fire, and training. BehavePlus is the successor to the BEHAVE fire
behavior prediction and fuel modeling system. Primary modeling capabilities include surface fire spread and
intensity, crown fire spread and intensity, safety zone size, size of point source fire, fire containment, spotting
distance, crown scorch height, tree mortality, wind adjustment, and probability of ignition. The User's Guide
describes operation of the program. Other papers describe the models and application of the system.
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Preface

This User's Guide explains how to use the BehavePlus fire modeling system software. Other papers will
describe the models incorporated into the system and application of the predictions.

This is an RMRS online publication. It can be downloaded from the Rocky Mountain Research Station
publications web page, http://www.fs.fed.us/rm/main/pubs/electronic.html

You can download this User's Guide and the BehavePlus program from the BehavePlus web site, http://
firemodels.org

This User's Guide is also an integral part of the BehavePlus system, serving as online help.

This publication has been revised from its original June, 2003 release. It will continue to be updated as features
and modeling capabilities are added to the program.

The BehavePlus system is supported by

US Forest Service

National Fire and Aviation Management Information Systems Team
3833 S. Development Avenue

Boise, ID 83705

(800) 253-5559 or (208) 387-5290
fire_help@fs.fed.us

What’s New

Version 4.0 adds modeling capabilities and features to version 3. A summary of changes can be found in the
Appendix.

The use of trade or firm names in this publication is for reader information and does not imply
endorsement by the U.S. Department of Agriculture of any product or service.
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1. Introduction

The BehavePlus fire modeling system is a PC-based program that is a
collection of models that describe fire and the fire environment. It is a
flexible system that produces tables and graphs and can be used for a multitude of fire management applications.
BehavePlus is the successor to the BEHAVE fire behavior prediction and fuel modeling system (Andrews 1986,
Andrews and Chase 1989, Burgan and Rothermel 1984, Andrews and Bradshaw 1990). It is called the
BehavePlus fire modeling system to reflect its expanded scope (Andrews 2007, Andrews and Bevins 1999).

This document describes only the operation of the BehavePlus program. The fire models and their application
are described elsewhere.

Many of the fire models in BehavePlus are the same as those in the FARSITE fire area simulator (Finney 1998)
and the FlamMap fire behavior mapping and analysis system (Finney 2006). Each system meets a different need.
Shown below are example outputs from each.

Sample table, graph, and diagram output from BehavePlus:

Flame Length (ft)

Fuel Midflame Wind Speed (upslope)
Model mi'h
0.0 5.0 10.0
2 2.0 7.0 12.3
5 1.3 5.4 5.4
8 0.5 1.3 2.0
14
B Fuel Model
12—
10—
8 -
g 8-
g
ki -
6
(e -
4 —]
2— 2
0 l | l | l | I | I | l | l | I | I | l
0 1 2 3 4 5 & 7 8 9 10
Midflame Wind Speed (upslope) ()
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Up 31
-f--o-pf--} Bouth
Witid Direction (from north)
Area 2744 ac
Ferimeter 214 ch
Elapsed Time 2.0h

Direction of Maxirmum Spread (from north) 294 deg
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|
200

600 800 1000 1200 1400 1600 1800 2000

Heat per Unit Area (Btu/tt2)

400
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Sample fire perimeter output from FARSITE:

ANDSCAPE apps.fspro sited' examples’ashley’ Input’  ASHLEY _CWD.LCP

Sample landscape fire potential output from FlamMap:

E" FlamMap - [TrapperLk.fmp]
Ele Theme Analysis Area Yiew Options  Window Help =

DEE - +=aadh|?
EER TrapperLk.fmp ¥

3
+ N Tutoriahinputh TrapperLake. LCP J Legend k|

-+ Auxiliary Themes . Crown Fire Activity |

-4 Grid Themes :

. -
= 4 Yector Themes Uik ICIass J
: Mo Data

&+ Contours
i )( + Elevation
B ¥ Analysis Areas
Elm + Entire Landscape {Default)
=+ Themes
! Q, ¢ Elevation
Slope
Aspect
Fuels
Canopy Cover
Height
Crown Base Height
Crown Bulk Density

&[0 New Run

-, *+ Flame Length

@, + Spread Rate

@ * Crown Fire Activiky

Ready [Ertire Landscape (Default)  [Crown Fire Activity  Scale: 1: 79142 (305820, 4436 4
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Version 1.0 of BehavePlus was based primarily on the same fire models that composed the old BEHAVE system.
Development focus was initially on a new look and feel for the program. This paper describes version 4.0, which
provides additional models and features. A summary of changes to version 3.0 is given in the Appendix.

The primary modeling capabilities of BehavePlus, version 4.0, include

* Surface fire spread and intensity

 Safety zone size

* Size of a point source fire

* Fire containment

* Spotting distance

* Crown scorch height

* Tree mortality

* Probability of ignition from fire brands or from lightning
* Transition from surface to crown fire

* Crown fire spread

Other modeling capabilities include

¢ Tables for fine dead fuel moisture
* Tables for relative humidity or dew point
¢ Standard and custom fuel models

* Three methods for weighting two fuel models: two-dimensional expected spread, harmonic mean, area
weighted

Key features include
 Diagrams for point source fire shape, shape of a contained fire, fire characteristics chart, wind / slope / fire
directions
* Shading of table output for acceptable fire conditions
* Distances in map units
* User control of input options and output variables
* Description of each input and output variable
* User control of units and number decimal places displayed

* Multiple values can be entered for almost any input variable

4 USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2008



BehavePlus v4.0 User’s Guide Introduction

The help system is an important part of the BehavePlus system. This User's Guide is available with the program
for help on operation of the program. In addition, a help browser is available in the dialog boxes providing
immediate information on specific operations and definition of input and output variables as shown below.

BS BehavePlus 4.0.0 SURFACE Module Options

Fuel & Moisture | TWind Speed | Directions | Slope | i i IIntermediates | Fuel Outputs | P-G Cutputs | Aspen Outputs |

v Surface Rate of Spread el | s el | by Home | B ndex
I Heat per Unit Area 4 =
e i Fireline Intensity

[+ Flame Length
™ Reaction Intensity

Fireline intensity is the heat energy release per unit time from a one-foot (one-meter) wide section of
the fuel bed extending from the front to the rear of the flaming zone. Fireline intensity is a function of
rate of spread and heat per unit area, and is directly related to flame length.

I™ Direction of Maximum Spread
I~ Surface Spread Distance

™ Midflame Wind Speed

™ Wnd Adjustment Factor

I Crown Ratio

Fireline intensity and the flame length are related to the heat felt by a person standing next to the

I~ Crown Fill Portion flames
I WAF Calculation
I
I~ Effective Wind Speed To Module I Notes
B Eecitee Tind Speed T Input CECWI IFSURFACE 15 not also
5 selected and if Fire iniensity is
L T e Lt gntered as fireline infensity is
™ Elope Steepness selected as an input option
I Slope Elevaiion Changs SCORCH IFSURFACE is not selectd and | If SURFACE and SCORCH
I Slope Herizontal Distance if Fire intensity is entered as are both selected, fireline
I~ WindSlope/Spread Direction Diagram Sfireline ntensity is selected as | mtensity (lame length) in the
: ) an mput option. direction of the spread
¥ Fire Characteristics Chart caloutation in SURFACE is
used by SCORCH
™ Picture v Help Output | SURFACE

|~ |
Cancel |

Variable descriptions and input/output tables are also available in a Adobe Acrobat document that is part of the
help system. That paper (Andrews, 2008) is referred to as the “Variables paper” in this User’s Guide.

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2008 5
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This page blank on purpose.
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2. Operation

This User's Guide addresses only operation of the program. The fire
models, associated variables, and application are described elsewhere.

2.1. Organization

Organization of material on Operation of the BehavePlus program is different from the organization of the
program itself. It is designed to help you find the answer to a question. Most users are comfortable with looking
at menus and dialog boxes and associated information in the program without use of a User's Guide.

This is not a step-by-step operation manual, but a reference guide. The tutorials provide step-by-step
instructions.

In describing operation of the program, we use the following font and/or conventions in describing menus,
commands, buttons, tabs, and check boxes:

Configure > Module selection > SURFACE > Options... > Fuel & Moisture > fuel models radio
button.

For example the sequence of menus, commands, check boxes, buttons, and tabs shown above refers to the
following actions in BehavePlus:

zBehavePlus 4.0.0 - [unnamed01.bpr]
[ File Calculate id Qes windows Tool: Help

lo=za

- Module selection

Fuel model set selection

_:."z EBeha Moisture scenario set selection

Iy TTnits set selection 3

Inputs: ¢ Custom uits preferences

D Appearance preferences

Fuel'Vegetation, sultace Understory

| & Fuelmodels (standard or custom).

¢ Fuel parameters (for custom fiel modeling).

Each of the above elements would be described in this User’s Guide as

I. Configure menu

Module selection command
SURFACE check box
Options... button

Fuel & Moisture tab

o U AW

fuel models radio button

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2008



Operation BehavePlus v4.0 User’'s Guide

BS BehavePlus 4.0.0 Appearance Dptions =] E3

Application | Graph Size | Graph Elements | Page Tabs ITables |Worksheet |

& Bacle | y Frwd | 1iHome | &2 Index
™ Display the page tab M 8
@ Y === Page Tab Options
Tabs per Pagel |4 = 5_ ‘g = I
Tab Position |1 =

Thiz page controls the appearance of page tabs on BehavePlus pages.
Tab Text Ezample 2 . . .
8 Tou can configure BehavePlus to display a page fab along the right margm of the page.
Thuz 15 uzefil, for example, to identify runs for a particular fire or training session which are

Tab Text Color I Elack 'I subsecquently bound in a 3-ning binder or stored i filing folders.

P Appearance Controls
Tab Font Size |17

Eed 9 ® Display the page tab
Cireen Checl this box if page tabs are to be displayed. Uncheck it to lide page tabs
Bhue | without affecting any of the other page tab properties.
[~ Picture
lagenta |
Cryan B

Tellow Ol | Cancel |
Dark Red

Diark Green -

Other elements used in BehavePlus include

7. Spin box - select the value using the ¥ buttons or enter a value from the keyboard,
8. Text box - click inside the box to enter values from the keyboard,
9. Drop-down list - Choose the value from the list displayed with the ~| button.

In the interest of saving space and improving readability, we include screen captures of only the portion of
concern.

2.2. Design

2.2.1. Page Oriented

BehavePlus is meant to be more than just a fire modeling tool. It is meant to be a lesson book with a built-in
training manual, and a planning tool whose results may be incorporated into management reports. It is meant to
be a fire behavior assessment aid whose tables and graphs can be shared with others in briefings and in written
documentation.

Because of these expectations, the BehavePlus user interface is designed around the concept of the standard 8.5
x || printed page.

Given input information BehavePlus can generate documentation, diagrams, tables, and graphs. Fortunately,
BehavePlus has a variety of methods for saving and displaying your work. Six months later when you need to
review the work, the What, How, and Why of each Run is considerably less obscure than it would have been
otherwise.

The page on which you enter input information appears first (page 1) and is called the Worksheet. A complex
Worksheet may span several pages. Once the Calculate button is pressed, BehavePlus generates additional

pages containing output tables, graphs, and diagrams. These too are deigned to fit neatly on the printed page.
Navigation buttons on the Tool Bar let you move to the first page, last page, next page, or previous page. The

8 USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2008



BehavePlus v4.0 User’s Guide Operation

Pages menu lets you jump directly to any diagram, table, or graph. The “Print” dialog box lets you print
selected pages.

2.2.2. Highly Configurable

BehavePlus is a repository of many mathematical models related to fire behavior and effects. These models may
have alternate input sets and can produce many output variables. Individual models may be linked together so
that outputs from one module automatically become inputs for another module. Input and output variables may
have user-specified units of measure. Outputs may be in the form of diagrams, tables, and/or graphs.

BehavePlus may be used for fire behavior training, for fire planning, or for real-time fire behavior assessment. It
may be used to assess fire behavior, fire effects, and the link between them.

2.2.3. Self Documenting

Configurability must be balanced with complexity. The input Worksheet automatically documents all Modules in
use, all input variables and units of measure, all output variables and units of measure, and pertinent notes on
the current configuration. The Worksheet also allows you to enter a Run description (and possibly additional
training or fire incident information) and offers a notes field for free-field entry of expository text.

2.2.4. User Manual and Help

The Guide Button E next to each entry field opens a dialog box containing a help browser pane with valid
inputs. The help browser pane describes input and output variables and program operation with tables,
photographs, and figures to help you select inputs. Variable descriptions with input and output tables are also
available in a2 Adobe Acrobat document by selecting the Help > Variable Help command.

In addition, this User’s Guide is available as part of BehavePlus with the Help > User’s Guide command.

2.2.5. Not Boring

Finally, every attempt has been made to keep BehavePlus from becoming yet another boring program with a
gray personality. If you prefer you can eliminate the pictures for the entire session by clearing the Show
picture pane check box on the Configure > Appearance preferences > Application tab.

B5 BehavePlus 4.0.0 Appearance Options [_ O]

] I Graph Size | Graph Elements | Page Tabs | Tables | Worksheet |

4 Bacle | o v | LiHeme | X Indext |

ik -

¢ Show help pane Application Appearance

v - .
%‘2 Options
v Show picture pane
| This page contrels the appearance of the picture pane, help
Border Color lm pane, and page border in all the BehavePlus documents that
are opet in the application.

The options you set on this tab page ave preserved

BorderWidth [1 ﬁ: hetween BehaveFlus sessions.

Appearance Controls

# Show help pane
Checking this box causes an embedded help browser to
f¢ Picture I Help appear in the nght pane of every BehavePlus dialog as it -l

fn dinederrnd The bocdo oo iidtiallee nobedo s e ab ne

o |

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2008 9



Operation BehavePlus v4.0 User’'s Guide

You can also choose to show the art work or not in the dialog boxes with the Picture check box

BS BehavePlus 4.0.0 IGNITE Module Dptions =] E3

S Back | y Frwd |mHome |@Index |
Probability of
Ignition from a
Firebrand

Probabaity of Ignition

from a Firebrand

Probabaity of Ignition

from Lichtni
— - o 4 om Lighining Probabaity of ignition from a firebrand 12 an

mdication of the chance that a firebrand will cause
an igrition. The number of firebrands, their size,

: and the fiel on which they land 15 generally
I Picture ) ¥ Help mnlenstrn Therefare ﬂ'\Pi’P iz nn enerifie _ILI
4 3
0):4 | Cancel |

2.2.6. Borders

The border color and thickness on the Worksheet and output pages can be
Border Color IBlaBk 'l changed on the Configure > Appearance preferences >
Application tab using the Border Color drop-down list and the Border

— Width spin box. The border can be eliminated by entering a Border
BorderWidth Il 3, Width of 0.

2.3. Features

2.3.1. Fire Models

A listing of the fire models in BehavePlus, with citations, is given in Andrews (2007) and in the Variables paper
(Andrews 2008), which is available by selecting the Help > Variable Help command.

BehavePlus contains models to estimate

* Surface fire rate of spread, intensity, and flame length

* Direction of maximum spread

* Wind adjustment factor

* Rate of spread through two fuel models

* Crown fire spread rate, critical thresholds, and fire type

* Safety zone size

* Point source fire shape, area, and perimeter

* Success or failure of suppression resources to build line around a fire
* Spotting distance from a burning pile, from torching trees, or a wind-driven surface fire
* Crown scorch height

* Fire-induced tree mortality

* Probability of fire ignition from firebrands or from lightning
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2.3.2. Operation
BehavePlus has the following operational features:

* Multiple Worksheets may be open at one time.
* Worksheets may be overlaid, tiled, cascaded, and resized.
* Modules (collections of related fire models) may be individually toggled on/off.

* Modules may have alternate input options available through the Configure > Module selection >
Options... > Input Options tab.

* Module output variables can be selected via the Configure > Module selection > Options... > Out-
put Variables tab.

* Modules may be linked so the outputs from one module are automatically input into another module.
* Distance outputs may be scaled to map units.

* Input and output units of measure may be modified by the user.

» Custom Worksheet configurations may be saved and re-used.

» Custom sets of units of measure may be saved and re-used.

* The Guide Button next to each Worksheet entry field displays a help browser pane with context-specific
text and either a list of valid choices (for discrete variables) or fields for generating a range of input values.

» Zero, one, or two input variables may have multiple entry values, producing either a simple result list, a
single one-way table, or a multi-page two-way table, respectively.

* If one input variable has multiple entry values, a separate graph can be generated for each output variable.
If two input variables have multiple entry values each output variable graph contains a family of curves.

* The SURFACE, SIZE, and CONTAIN Modules can produce diagrams of their results.

* Help commands make this manual and all associated documentation available in Adobe Acrobat format
for reading, web browsing, and printing.

* Completed Runs may be saved and re-used.
2.4. Installation

2.4.1. Download

BehavePlus is available for download from www.firemodels.org.

2.4.2. System Requirements
BehavePlus has modest system requirements.

* Windows 95, 98, ME, NT, 2000, XP, or Vista

* Minimum 800 x 600 video resolution with 256 (8-bit) colors (recommend 1024 x 768 video resolution
with 64K (16-bit) colors)

* 16 megabytes of available RAM
* 20 megabytes of disk storage

2.4.3. Windows Installation

BehavePlus for Windows is packaged using the Wise Installation System. Simply type the name of the package
(e.g., bp_4_0_0.exe) at a command prompt (or click on its name in Windows Explorer) and the installation
wizard will guide you through the process. This mostly consists of pressing the OK button.
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2.4 4. File Structure

BehavePlus has a proscribed file system structure; all files must be located in specific subdirectories. The parent
directory of this file structure and all its subdirectories and files are collectively known as a Workspace. When
BehavePlus is first installed it has a single Workspace called "DefaultDataFolder" as shown below.

= |2 DefaultDataFolder
= |5 CaptureFolder
-1 MyScreenCaptures
|0 ComposerFolder
= IZ) ExportFolder
) MyExports
= 1) FuelModelFolder
MyFuelModels
I SoCalifornia
= |2 MoistureScenarioFolder
I=) FuelModeling
MyMoistureScenarios
I Tskmnd!
= |2 RunFolder
|2 ExampleRuns
MyRuns
= 2 UnitsSetFolder
) MyUnitsSets
= 1) WorksheetFolder
) ExampleWorksheets
I MyWorksheets
= |2 DocFolder
= Iy en_Us
) Heml
) GeoFolder
) ImageFolder

This is the default current Workspace every time BehavePlus is started.

Workspaces aid file management as you apply BehavePlus to several projects. See the section |7.1, Workspaces,
for more information.

A list of three letter file extensions used by BehavePlus is shown in the following table. These extensions are
automatically attached to the files you create in BehavePlus.

File extension | File Type Folder

.bpf Custom fuel models | FuelModelFolder

.bpm Moisture scenarios MoistureScenarioFolder
.bpr Runs RunFolder

.bpu Custom Unit Sets UnitsSetFolder

.bpw Worksheets WorksheetFolder

2.5. Definitions

A Worksheet is the first page or two containing the input Entry Fields. The content of a Worksheet depends
upon the specific BehavePlus configuration including module selections, input options, output variables, and
units of measure. Some Example Worksheets are supplied with the BehavePlus distribution and are included in
every Workspace. You may develop your own Worksheets and save them for later reuse. A Worksheet does
not have input values associated with it.

A Run is a Worksheet that has a complete set of valid input values, but no outputs are saved in a Run. You must
calculate a saved Run to obtain outputs. Runs may be saved for documentation and later use. The BehavePlus
installation includes Example Runs.
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A Model is a set of equations that estimate one or more output variables from one or more input variables.
BehavePlus contains many mathematical models which are grouped into Modules.

A Euel Model is a set of numbers describing a fuel bed used by the surface fire spread model.

A Module is a collection of one or more mathematical models. The IGNITE Module, for example, includes both
the firebrand ignition model and the lightning strike ignition model.

A Continuous Variable is an input or output variable that has a continuous range of numerical values.
Continuous variables have a minimum and maximum valid value. Examples include fuel moisture content and
wind speed.

A Discrete Variable has a finite set of valid values. Examples include Fuel Model and Spotting Source Location.

A Guide Button g4 is the button with the arrow icon next to each Worksheet entry field. Pressing the Guide
Button activates an “Input Guide” dialog box containing a help browser pane and input assistance. For
continuous variables, the dialog facilitates entry of inputs by specifying the minimum input value, maximum input
value, and increment value. For discrete variables the “Input Guide” dialog box contains a list of all valid inputs
from which the user may select values.

A Workspace is a complete subdirectory tree containing all required BehavePlus files plus any additional
Worksheet, Run, Fuel Model, Moisture Scenario, Units Set, or capture files saved by the user. A Workspace can
be used for a project. Workspaces are created by the File > Workspaces > New workspace and the
Files > Workspaces > Clone current workspace commands.

2.6. Menus and Toolbar

BehavePlus operations are available from the menu bar.

—h ehavePlus 4.0.0 - [unnamed01.bpr] M= E3

[ Elle Calculate Wiew Configure Pages Windows Tools Help _|5|1|
~ S £ 7

“DD@ = @ Gvﬁ@[@‘
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The more common operations, such as Module Selection or Calculate, may also be invoked from Toolbar
buttons. Toolbar buttons and their equivalent Menu commands are shown below:

Toolbar Definitions Equivalent menu operation
Buttons
0 Open a new Worksheet | File > Open Worksheet
= Open a saved Run File > Open Run
= Print this Run File > Print
:“__n_— Module selection Configure > Module selection
ﬁl Calculate this Run File > Calculate
ﬁ Display first page Pages > then select page #
g Display last page Pages > then select page #
{f‘ Display previous page Pages > then select page #
4} Display next page Pages > then select page #
@ Access User’s Guide Help > User’s Guide
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3. Worksheets

A Worksheet is a form on which you enter input. Module selection, input
options, and output variable selections determine the Worksheet.

BehavePlus initially starts with the BasicStart.bpw example Worksheet. This gives the option of doing a quick
basic fire behavior Run without having to load or configure a Worksheet.

You also have the option of setting your own startup worksheet as described in section 3.8

3.1. Worksheet layout

A BehavePlus Worksheet is more than just an input form; it is the primary source of documentation about the
Run. Worksheets include the following components:

Header - The Worksheet header shows the BehavePlus version number, useful for reporting bugs and
determining if you have the most recent update. The header also includes the date and time of the last
calculation and the page number, which lets you collate the correct pages after printing and spreading them out
for further study.

Border - The line surrounding the Worksheet body may be modified with the Configure > Appearance
preferences > Worksheet tab.

Tabs - Zero, one, or more page tabs with labels along the right-hand margin of the Worksheet may be activated
with the Configure > Appearance preferences > Page Tabs tab.

Documentation - This section lists all the currently selected modules and contains an entry field for the Run
description. Additional documentation entry fields are optionally activated on the Configure > Appearance
preferences > Worksheet tab.

Input - This section contains the required input data entry fields identified by a short phrase and their units of
measure. Each entry text box also has a Guide g4 button that may be pressed for input assistance. Entry text

boxes are grouped under headings such as "Fuel/Vegetation, Surface/Understory", "Fuel/Vegetation, Overstory",
"Fuel Moisture", "Weather", "Terrain", and “Fire”.

Acceptable Fire Conditions - Used to enter ranges of acceptable fire behavior when using the table shading
option. Table shading is enabled by selecting the Configure > Table shading for acceptable fire
conditions check box.

Run Option Notes - This section documents pertinent configuration settings that are selected for the
Worksheet.

Output Variables - This section lists all the selected output variables and their units of measure. This section
may be toggled on/off in the Configure > Appearance preferences > Worksheet tab.

Notes - This section permits the user to enter free-field expository text. The user has control of the size of this
section or whether it is displayed using the Configure > Appearance preferences > Worksheet tab.

3.2. Example Worksheets

A number of predefined example Worksheets are included with the BehavePlus installation in the
ExampleWorksheets folder. You may use these Worksheets as provided, or use them as starting points for
your own configuration. Use the File > Open worksheet command to open an example Worksheet and
proceed to change your module selection, input options, and/or output variables as needed. Once the
Worksheet is configured the way you want, you may name and save it as a new Worksheet. During subsequent
BehavePlus sessions you may load your custom Worksheet.
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Shown below is the BasicStart.bpw example Worksheet:

_Fg BehavePlus 400 Page 1
s N
Inputs: SURFACE
Descriptiona I
FuelVegetation, Surface/Understory
Fuel Madel B
Fuel Motsture
1-h Moisture % B
10-h Moisture % BN
100-h Moisture % B
Live Hethaceous Moisture ki) a |
Live Woody Moisture % a |
Weather
Midflame Wind Speed (upslope) mith B |
Terrain
Slope Steepness Yo a |

Run Option Mates
Maitmum reliable effective wind speed limit is imposed [SURFACE].
Caleulations are only for the direction of maximum spread [SURFACE].

Fireline intensity, flame length, and spread distance are always
for the direction of the spread caloulations [SURFACE]

Wind is blowing upslope [FUTRFACE].

Output Variables
Butface Rate of Bpread (maximun) (ch/l) [BURFACE]
Flame Length (ff) [SURFACE]

Motes

R S

3.3. Worksheet Sections

3.3.1. Page Header

The header of each page includes the version number of the BehavePlus program and the page number. Once a
Run is calculated the date and time of the calculation is added. The date and time and page number can be used
to correctly collate printed documents.

@ BehaweFlus 4 0.0 Sun, Jun 01, 2008 at 065642 Page 1

[ 3

3.3.2. Documentation

Documentation is the header information on the Worksheet. The calculation modules that have been selected
are listed. There is always a Description field.

@ BehavePlus 4.0.0 Page 1

Inputs: SURFACE
Description a ||
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[ Prescribed fire plan worlisheet header
[ Fire behawvior projection workisheet header

[T Traming worksheet header

Worksheets

Additional documentation lines can be added by selecting the
Fire behavior projection worksheet header, Training
worksheet header, and/or Prescribed fire plan
worksheet header check boxes from the Configure >
Appearance preferences > Worksheet tab.

Selecting the Fire projection documentation check box adds the following input fields to the Worksheet:

m BehavePlus 4.0.0

Page 1

-

Inputs: SURFACE

Description a I

Fire Mame

Fire Date & Projection Penod

2

Fire Analyst

Selecting the Training documentation check box adds the following input fields to the Worksheet:

% BehawePlus 4.0.0

Page 1

P

Inputs: SURFACE

Description a [

Training Course

Training Exercise

Trainee Mame and Date

N

More than one option can be selected at the same time.

3.3.3. Input section

The required input variables and their units are displayed next to their text boxes. Fuel moisture variables that
are not required have the text box shaded. In the example below, only |-h fuel moisture is required for fuel
model |, because the other fuel categories are not included in that fuel model.

The Guide [£d button for each input variable provides access to definitions and input assistance. Input variables
are organized by logical association (rather than by calculation module). A table of all possible input variables by

category is given in the Variables paper.

b =8 BehavePlus 4.0.0

Page 1

-~

Inputs: SURFACE
Description a I
Fuel'Vegetation, Swface/Understory
Fuel Model B
Fuel Moizhure
1-h Moisture % B
10-h Moisture v B
100-h Moistare ¥ a|
Live Herbaceous Moisture o a I
Live Woody Moisture k0 a |
Weather
Midfame Wind Speed (upslope) mith a |
Terrain
Slope Steepness b a |
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3.3.4. Input codes

[~ Prescribed fire plan worksheet header
[~ Fire behawior projection worksheet header

[~ Training worksheet header

Zhow descriptions for all
discrete variable codes

how descriptions only for

v

entered discrete vanable codes

Show output variables
to be calculated

v Show notes section

Metes Lines

BehavePlus v4.0 User’'s Guide

The definition of discrete variable input codes can be displayed by
selecting two options on the Configure > Appearance >
Worksheet tab. Selecting the Show description for all discrete
variable codes check box displays the codes on the Worksheet
beneath the variable. The Show descriptions only for entered
discrete variable codes check box displays the codes used in the
Run on a separate output page when selected.

For example, on the SPOT module with the Show descriptions for all discrete variable codes check

box selected, all tree species and spotting source location codes are shown.

?g EehavePlus 4.0.0

[/'

Inputs: SPOT

Description B [Tnput Code Example
Fuel'Vegetation, Overstory

Canopy Height ft

Tree Height ft

Spot Tree Species

ABIGRA: Abies grandis (Grand fir)

PIMELL. Pinus elliothi {3lash pne)

PIMSER: Pinus serotina (Pond pine)
PINTAE: Pinus taeda (Loblolly pine)

DEH n
Weather

20-ft Wind Speed (upslope) mith
Terrain

Ridge-to-Valley Elevation Difference ft

Ridge-to-Valley Horzontal Distance mi

Spothing Source Location

RT: Ridge Top

WA Midslope, Windward
VB: Valley Bottom
WL Midslope, Leeward
Fire
Mumber of Torching Trees

ABIBAT. Abies balsamea (Balsam fir)

ABILAS: Abies lasiocarpa (Subalpine fir)
PICENG: Picea engelmanni (Engelmann spruce)
PIMCON: Pinus contorta (Lodgepole pine)
PINECH: Pinus echinata (Shortleaf pine)

PINIACH: Pinus monticola (Western white pine)
PP AL: Pinus palustrus (Longleaf pine)
PIMPON: Pinus ponderosa (Ponderosa pine)

PSEMEN Pseudotsuga menziesi (Douglas-fir)
TSUHET: Tsuga heterophylla (Western hemloclk)

B s

B [

B [1ooo

B

B [rT.

B
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With the Show descriptions only for entered discrete variable codes check box selected a page is
generated at the end of outputs listing the codes and descriptions used in the Run.

mBEhavePlus 400 Sun, Jun 01, 2008 at 07:49.08 Page 4

4 ™

Discrete Variable Codes Used

Input Code Example

Spot Tree Species
ABILAS Abies lasiocarpa (Subalpine fir)

Spotting Source Location
RT Ridge Top
ML Midslope, Leeward

3.3.5. Acceptable Fire Conditions

This section is displayed on the Worksheet when the Table shading for acceptable fire conditions
check box in the “Module Selection” dialog box is selected.

Acceptable Fire Conditions
Sutface Rate of Spread (masimum) (chh) |EI .o —l[l .o
Flame Length ® |EI.EI —l[l.[l

Acceptable Fire Conditions are fully explained in Chapter 7, Table Shading.

3.3.6. Run Option Notes

For clarification, Run options are given after the input variables. The user does not have the option of
suppressing this information. The module using the option is also listed in brackets.

Run Option Notes
Masimum reliable effective wind speed bt 15 toposed [SURFACE]
Caleulations are only for the direction of masitoum spread [SURFACE].

Fireline intensity, Same length, and spread distance are abways
for the direction of the spread caleulations [SURFACE]

Wind is blowing upslope [SURFACE].

3.3.7. Output variables

Selected output variables and their units can be displayed at the end of the

input Worksheet using the Configure > Appearance preferences >

to be caloulated Worksheet tab. The module calculating the output variable is also listed in
brackets.

Show output variables

For example:

Output Variables
Surface Rate of Spread (mammum) (chh) [SURFACE]
Fireline Intensity (Btu/fft's) [STURFACE]
Flame Length (ft) [SURFACE]
Surface Spread Distance (ch) [STURFACE]
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3.3.8. Notes
The Notes section of the Worksheet allows the user to enter text to
W Show notes section describe a Run. The user has the option of changing the number of lines
provided for notes or even eliminating the notes section on the Configure
Motes Lines |4 : > Appearance preferences > Worksheet tab with the Show notes

section check box and the Notes Lines spin box.

3.3.9. Page Tabs

Page tabs can be displayed along the right margin of the page. This is useful, for example, to identify Runs for a
particular fire or training session that are subsequently bound in a three-ring binder or stored in filing folders.
Page tabs can be added and defined with the Configure > Appearance preferences > Page Tabs tab.

ALpplication | Graph Size | Graph Elements ‘ Page Tabs |Tables |Worksheet |

4 Bacle | o v | LiHeme | X Indext |

i -

¥ Display the page tab [

¥ =
Tabs per Page |4 3: L' ’g
[

This page controls the appearance of page tabs on BehavePlus pages.

Page Tab Options

Tab Position |2 <

Tab Tezt Ezample 2|
You can configure BehavePlus to display a page fab along the right margin of the page.
This 15 useful, for example, to identfy tuns for a particular fire or traiting session which are

Tab Tezt Color | Black - subsedquently bound i a 3-ring binder or stored in filing folders

Appearance Controls

Tab Font Size |12 =
# Display the page tab
Check this box if page tabs are to be displayed. Uncheck it to hide page tabs
without affecting any of the other page tab properties
I Picture v Help

|
Cancel |

Tabs per page - The size of the tab depends upon the value selected in this spin box. Only one tab is actually
displayed per page. If tabs per page is 4, the displayed tab occupies one-fourth the page height. If it is |0, the
displayed tab occupies one-tenth the page height. As this number increases, the displayed tab size decreases.

Tab position - Determines the position of the displayed tab. Tab position | is always at the upper edge of the
right margin.

Tab text - The text to appear on the tab. The text is centered within the tab and will therefore be truncated at
both ends if it is too long.

Tab text color - A color is selected from the drop-down list.

Tab font size - Font point size is selected using this spin box.
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The above settings create the tab on the Worksheet below:

ﬁ BehavePlus 4.0.0

Page 1

/

Inputs: SURFACE

Description a 1

Fuel Model
Fuel Moisture

1-h Moisture

10-h Moisture

100-h Moisture

Fuel'Vegetation, Swiface/Understory

Live Herbaceous Meisture

Live Woody Moisture
Weather

Midflame Wind Speed
Terraimn

Slope Steepness
Fire

Elapsed Time

(upslope) mith

bR

N EEoee o

=

zadumxyg

P Option Notes

Mazmum reliable effective wind speed limit is imposed [SURFACE].
Calculations are only for the direction of maximum spread [SURFACE]

Fireline intensity, flarne length, and spread distance are always
for the direction of the spread calculations [SURFACE]

Wind is blowing upslope [STTRFACE]

3.4. Loading a previously saved Worksheet

A previously saved Worksheet can be loaded using

* the File > Open worksheet command,

¢ or the 0O toolbar button.

¢ double click on

To select a Worksheet either

it,

¢ or select and click the OK button.

ehavePlus 4.0.0 Select & Worksheet

To see the Worksheets in the folder click on the 4 button to the left of the folder.

A set of Worksheets is supplied with the program in the "ExampleWorksheets" folder.
=] E3

- [ My Worksheets

1 Default user worksheet folder

Worksheet | Files | Description | Last Modified
E-?QExampleWorksheets 5 Examples that can't be changed in this folder Tue Apr 1 10:58:43 2008
- &% 05tartup bpw Blank wotksheet, default initialization, Enghish Wed Mar 5 17:29:02 2008
- ¢ BasicStart bpw Surface fire spread upslope with wind Wed Mar 5 17:1542 2008
- &% FuelModeling bpw Sutface fire, fuel modeling Wed Mar 5 17:15:44 2008
- &% Surface Crown bpw Max surface spread, upslope wind, mput WAF Wed Mar 5 17:15:44 2008
- &% Surface Simple bpw Surface fire spread, simple case, upslope spread with wind Wed Mar 5 17:1544 2008

Mon Apr 28 07:58:02 2008

Ll

[~ Picture

Clancel
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3.5. The OStartup Worksheet

The 0Startup.bpw Worksheet is used as the starting place for selecting calculation modules and options. It
shows no input or output variables, but it sets defaults for all settings. The OStartup.bpw Worksheet was used
to initialize all of the example Worksheets.

A Worksheet can be designed to meet specific needs by starting with the 0Startup.bpw Example Worksheet,
selecting the desired modules, and changing options as needed. The startup Worksheet is named 0Startup.bpw
to assure that it is the first selection of the Example Worksheets folder.

3.6. Changing a Worksheet

A Worksheet can be changed at any time by changing the selected modules and associated options. The changes
are in effect only for the current session unless the revised Worksheet is saved. If a Worksheet that came with
the program in the ExampleWorksheets folder is changed, the revised version must be saved in another
Worksheet folder.

3.7. Saving a Worksheet or a Run

A Worksheet can be saved for later use with the File > saveAs > Worksheet command. The values entered
onto the Worksheet are not saved.

Save the Run, which is a Worksheet with the defined input values, with the File > saveAs > Run command.

See the Section 17.4, Save As, for more specific information.

3.8. Setting a Startup Worksheet

BehavePlus initially starts with the BasicStart.bpw Worksheet.You have the option of changing the startup
Worksheet to one that better meets your needs.

The File > Set startup worksheet command opens a dialog box where you can select any Worksheet from
the WorksheetFolder. It can be one of the ExampleWorksheets that come with the application or one that you
have developed and saved.
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4, Modules

Modules are a grouping of mathematical fire models for a Worksheet.
Selection of modules is made with the Configure > Module command.

The output variables that can be calculated by each module are given in the Variables paper.

BS BehavePlus 4.0.0 Module Selection

4 Back | m Erwvd | E}Home &> lndex

v Surface Fire Spread (SURFACE)  Options . -

I~ Crown Fire (CROWIT) Options Module

j Selection

Check those Modules you wish to activate

[ Safety Zone (SAFETY) Options

Size of a Pt Source Fire
(SIZE)
Fire Containment

(CONTATH)
I~ Spoting Distance (SPOT)  Options...

Options

Options

Indentation indicates modules that can be linked
together, with the output from one used as mput

I~ Crown Scorch (SCORCH)  Options... to the next.
Tree Mortality Press a Module's Options... butten to configure
(MORTALITY) Ot its input options or change the set of output ]

wanables it calculates

I~ Probability of Ignition (IGINTTE) Options...

FIERIER

Checling the box Digplay cutpui distances in
map uxits adds map descriptors to the
worlsheet so output variables such as "spread
™ Table shadng for acceptable fire conditions distance" are displayed in both real world and
map units. Checking the box Table shading for

I~ Display output distances in map units

acrepiable fire conditions adds a section to the =

¥ Picture ¥ Help

Ok Cancel

Indentation of modules indicates which can be linked, which means that output from one module is used as
input to the other. For example, if both SURFACE and SAFETY are selected, the modules are linked. Output
from SURFACE is used as input to SAFETY. If only SAFETY is selected, the Flame Length input appears on

the Worksheet and
Variables paper.

must entered by the user. A table of input variables and associated modules is given in the

Selection of modules, options, and output variables determines the required input variables shown on the
Worksheet. The Options... button is used to configure a module’s input options or change the output

variables calculated.

Some module options are very simple, IGNITE for example, has no input options.

BS BehavePlus 4.0.0 IGNITE Module Dptions M= E3

o Probabaity of Ignition

from a Firebrand

Probabaity of Ignition
from Lightring

¥ Picture [~ Help

Cle | Cancel

The “SURFACE Module Options” dialog box offers the most options, with multiple tabs for both input options
and output variables.
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4.1. Input options

Some modules offer options on alternate ways of specifying input. For example, clicking the MORTALITY
Options... button displays the “MORTALITY Module Options” dialog box with the Bark thickness is input
option:

lnputOpmons IOutput Variables |

| = Frvd | i Home | 5 Index

|»

Bark thickness 15
" specified on the worksheet.

MORTALITY Input Options

i+ estimated from species and db.h

This page controls the MORTALITY Module's input options

Fire-induced tree mortality is partially influenced by the amount of insulation provided by
the tree bark. The MORTALITY Module can accept direct input of tree bark
thickness, or estimate the tree bark thickness from the tree species and d b h. =

The bark thickness option affects the input variables included on the Worksheet. If Bark thickness is
specified on the worksheet is selected, the resulting Worksheet is as follows:

I Picture v Help

ﬂ BehavePlus 4.0.0 Page 1
7 ™
Inputs: MORTALITY

Description a ||

Fuel Vegetation, Overstory

Tree Height ft a |

Crown Ratio fraction a |

Iortality Equation a |

Bark Thickness in a |
Fire

Scorch Height ft a |

If Bark thickness is estimated from species and d.b.h. is selected, the Worksheet is as follows:

H BehavePlus 4.0.0 Page 1
- ~

Inputs: MORTALITY
Description a ||

Fuel/Vegetation, Overstory

Tree Height ft a |

Crown Ratio fraction a |

Mortality Tree Species a |

DBH n B
Fire

Scorch Height ft a |
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Modules

The SURFACE module has many input options, which are available on several tabs:

B BehavePlus 4.0.0 SURFACE Module

~Fuelis entered as

* Back [l 2

Fuel & Moisture |Wmd Speed | Directions | Slope | Basic Oupus | Intermedhates | Fuel Ouiputs | -G Outpus | Aspen Qupuss |

| {itHome | &> lndex

@ Fuel models (standard or custom)

" Fuel parameters (for custem fiel modeling)
Two fiael models,
2-dimensional expected spread (recommended)
Two fuel models,

harmenic mean.

Two fiael models,
area weighted (like old BEHAVE).

Special case fuel model,
palmetto-gallberry (Hough and Albim 1978)

~ Special case fuel model,
western aspen (Brown and Simmerman 1986)

SURFACE Fuel & Moisture Input Options

- Dymammic curing load transfer is

calculated from live herbaceous
fuel motsture:

" mput directly.

~Moisture is entered by

& mdindual size class
 dead and live category.

" moisture scenanc

v Picture v Help

This page controls the input of fuel and moisture parameters into the SURFACE Module

Options

Fuel is entered as....

Suel models Standard or custom fuel models for the surface fire

(standard or spread model

custom).
Standard fuel models are the 13 from Anderson
(1982) and the 40 from Scott and Burgan (2005)
Custom fuel models are developed using the fuel
parameters ophion and saved for later use

fuel paramesters The indmwidual fuel parameters are required for fuel

(For custom fuel bed depth, extinction moisture content, heat of

madaling). combustion, and loading and surface area-te-volume
ratio by fuel particle size class. Fuel model parameters
can be initiakzed to these of an existing fuel model
This method is primarily used to develop custom fuel
meodels, which are saved and reused

For the “SURFACE Module Options” dialog box the following tabs offer input options;

> Fuel & Moisture
» Wind Speed
» Directions

» Slope
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4.1.1. Fuel & Moisture Tab

Fuel models are prepackaged sets of fuel parameters representing
stylized fuel situations. Using this input option allows you to simply
enter fuel model codes rather than a dozen fuel model

~Fuelis entered as

& Fuel models (standard or custom).

¢ Fuel parameters (for custom fiiel modeling). parameters. This is the most common way of running BehavePlus
Two fuel models, as it greatly simplifies input. If you have special fuel situations,
2-dimensional expected spread (recommended). create a custom fuel model and use it.

p Two fiuel models,
harmenic mean.

The individual fuel parameters are required for fuel bed depth,
extinction moisture content, heat of combustion, and loading and
surface area-to-volume ratio by fuel particle size class. Fuel model
parameters can be initialized to an existing fuel model. This
method is primarily used to develop custom fuel models which are
saved and reused.

Two fiuel models,
area weighted (like old BEHAVE)

Zpecial caze fuel model,
palmetto-gallberry (Albin and Heugh 1978)

Zpecial caze fuel model,
western aspen (Brown and Simmerman 1986, The two-fuel model options are useful for areas that clearly
consist of two different fuel models rather than a single,
homogenous fuel model. The two fuel models are designated as
“first” and “second”. The coverage is entered for the “first” fuel
model only. The coverage of the “second” fuel model is the
remainder; with the total being 100%. The two fuel model options

~Diynarmic curing load transfer 1z

calculated from live herbaceous
fiael modsture.

 input directly.

leBHD 6 GHiEs) o)y work with standard or custom fuel models, but not with the
@ individual size class. special case or fuel parameters options. The primary purpose of
© dead and live category. the two fuel option is weighted rate of spread. It is not appropriate

to weight fire intensity values or their derivatives such as flame
length or scorch height.

 molsture scenario.

A special case palmetto-gallberry fuel model was developed by Hough and Albini (1978). It requires input of the
age of palmetto-gallberry rough, palmetto coverage, understory height, and overstory basal area.

A special case western aspen fuel model was developed by Brown and Simmerman (1986). It requires selection
of one of four aspen fuel types and aspen curing level (which is different from the curing level for the dynamic
standard fuel models).

Dynamic curing load transfer is applicable to dynamic standard or custom fuel models. Seventeen of the 40 fuel
models developed by Scott and Burgan (2005) are dynamic. Selecting the calculated from live herbaceous fuel
moisture radio button uses the fuel load transfer model described in that paper. Selecting input directly radio
button allows the user to specify the curing (fuel load transfer portion) directly.

Selecting the Moisture is entered by individual size class radio button requires you enter the moisture content
for each fuel size class with fuel present in the fuel models used (1-h, 10-h, and 100-h dead fuels and herbaceous
and woody live fuels).

The dead and live category option for moisture content is the simplest as you enter just two moisture contents;
one is applied to all the dead fuels, and the second is applied to all the live fuels.

A moisture scenario is a predefined set of fuel moistures for I-h, 10-h, and 100-h dead fuel and herbaceous and
woody live fuel. It is analogous to the fuel model concept in that a single code represents an entire moisture
situation. Fuel moisture scenarios may be developed, for example, to represent local 90-, 95-, and 97-percentile
weather situations. More information on moisture scenarios is found in Chapter |3 of the User’s Guide.
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4.1.2. Wind Speed Tab

Modules

Wind speed can be entered at three different heights; midflame

—Wind speed 1z entered as
& midflame height.
& 20-ft wind and Input wind adj factor.

¢ 10-m wind and Input wind adj factor.

& 20-ft wind and Calculated wind adj factor.

¢ 10-m wind and Calculated wind adj factor.

(eye-level), 20-ft. or 10-m. When using a 20-ft. or 10-m windspeed
you also have the option of entering a wind adjustment factor or
having BehavePlus calculate one based on tree characteristics of
the site.

Low intensity fires may not continue to spread faster with
increasing wind speeds. When the Impose maximum reliable

@ Yeg
 No

~Impose masmum reliable effective wind speed lmit? —

effective wind speed limit? Yes radio button is selected the
maximum wind speed used to calculate rate of spread is based on
the reaction intensity. If the No radio button is selected, the limit
is not imposed.

4 1.3. Directions Tab

Surface fire spread direction is

& only in the direction of masmum spread.

" i directions specified on the worlcsheet.

Wind is
" zpecified on the worlcsheet.

o upslope.

Wind & spread directions are

degrees clockwize from upslope
{direction the wind 1z pushing the fire).

degrees clockwize from north

{direction from which the wind iz blowing).

4.1.4. Slope Tab

Zlope is specified as

+ percent.

" degrees.

Zlope steepness iz

@ specified on the worlcsheet.

" caleulated from map measurements.

The simplest direction option is using upslope wind and upslope
spread. To use this method select the Surface fire spread
direction is only in the direction of maximum spread radio
button and the Wind is upslope radio button.

Alternatively the non-head fire spread direction and/or direction of the
wind can be specified. To more easily examine the relative effect of
wind and slope on fire spread, select the Wind & slope directions
are degrees clockwise from upslope radio button. Using this
option, the wind direction is the direction the wind is pushing the fire.

When fire projection are being done for a specific location on a map
and weather observations or forecasts are being used, select the Wind
& slope directions are degrees clockwise from north radio
button. With this option, the wind direction is the direction from
which the wind is blowing.

Slope is specified as either percent or degrees by selecting the appropriate
radio button.

Selecting the Slope steepness is specified on the worksheet radio
button allows the user to enter the slope values directly on the Worksheet.
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Selecting the Slope steepness is calculated from map measurements radio button allows the slope
to be calculated from map measurements and additional inputs are required on the Worksheet.

Map
Map Representative Fraction {1:x) |
Contour Interval ft |
Map Distance n |
Number of Contour Intervals |

4.2. Output Variables

Every module has choices for which output variables are calculated. The desired output variables are selected
through the Options... button associated with each module.The selected output determines the input
requirements on the Worksheet. For example, input variables on the Worksheet when using the SPOT Module

will be different for each spotting source.

?3asic Outputs:

B3 BehavePlus 4.0.0 SPOT Module Dptions

I Spothing Distance from
Totching Trees

Spotting Distance from

= a Burning Pile

Spothing Distance from
a Wind Driven Surface Fire

=] 3

Torching Tree Cutputs | Burning Pile Outputs | Surface Fire Outputs |

P Back | wp B | $itHome | &> Tndex |

I™ Picture v Help

— 2
i i; n Spotting Distance from Torching Trees

Spothing distance from torching trees is the masimum distance that one can expect potential spot fires
resulting from firebrands from torching trees

The spotting model is applicable under conditions of mtermediate fire severity in which spotting distance
up to a mile or two might be expected. This model does not apply to those extreme situations where
spothing may occur up to tens of miles form the fire front. The model is for spotting from torching trees, not
from a spreading crown fire

|

Cancel

Most of the modules have just one output tab named Output Variables. The SURFACE module has several

output tabs.

» Basic Outputs

» Intermediate Outputs
» Fuel Outputs

» P-G Outputs

» Aspen Outputs

28
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Modules

Outputs can be displayed as tables, graphs, or diagrams and charts. Variable outputs are those most typically
displayed by the SURFACE module. The top section of output variables can be displayed in tables or graphs.
Details on each output variable are found in the Variables paper.

B BehavePlus 4.0.0 SURFACE Module Dptions

Fuel & Moisture | Wind Speed | Directions | Slope asic Outputs“:

IIntErmEdiatEs | Fuel Outputs | P-G Outputs | Aspen Cutputs |

=] B3

v Surface Rate of Spread

I~ Heat per Unit Area

[~ Fireline Intensity

v Flame Length

[~ Reaction Intensity

[~ Direction of Mazimum Spread
[~ Surface Spread Distance
[~ Midflame Wind Speed

[~ Wind Adjustment Factor
[~ Crown Eatio

I~ Crown Fill Pertion

[~ WAF Calculation

[~ Effective Wind Speed

[~ Effective Wind Speed Limit
[~ Maz Eff Wind Ezceeded?
[~ Slope Steepness

[~ Slope Elevation Change

[~ Slope Honizontal Distance

[~ Wind/Slope/Spread Direction Diagram
[~ Fire Characteristics Chart

v Picture [~ Help

BS BehavePlus 4.0.0 SIZE Module Dptions M= E3

v Area

¥ Perimeter

[~ Length-to-Width Ratio

I~ Forward Spread Distance
[~ Backing Spread Distance
[~ Fire Length

I i ire Width

¥ Fire Shape Diagram

¥ Picture [~ Help

Cle | Cancel

In addition to the table and graph variables, charts
and diagrams are also available for some modules.

For example, for the SIZE Module, a simple Fire
Shape Diagram for the calculated values is
available.
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When you select this output a diagram of the relative directions of slope, wind, and fire spread is produced for
each calculation result. These diagrams are useful for clarifying the selected input options and their resulting
output values.

Fire Shape

TUp Slope

Down Slope
Spread DIIE\EI:lon (from upslope)

Direction of’Wmd Vecter (from upslope) o
Area 473.7ac

Perimeter 269 ch
Elapsed Time 3.0 h
Direction of Maximum Spread (from upslope) 117 deg
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5. Entering input

There are several ways to enter input to the BehavePlus program. Values
can be typed directly into the input field, choices can be made from a list of
valid input values, a range of values can be specified, and for some variables,
a selection can be made from a list of common choices.

5.1. Shaded text boxes

In some cases, input variables depend on values entered elsewhere on the Worksheet. When an input variable
is not required, its text box is shaded. If a value is entered for a shaded text box, it is not used.

5.2. Direct entry

Values can be typed directly into the variable text boxes and the Enter or Tab keys moves the cursor to the
next field. The cursor can also be moved to any text box with a mouse click. More than one value can be
entered for an input variable. Multiple values are separated by a space or comma delimiter. You do not need to
always specify equal steps. You can enter several independent values separated by delimiters.

For table output a separate row and/or column will be created for each value from the input variable text box.
For graphs of continuous input variables the curve is drawn between the smallest and largest value entered.
Graphs of discrete variables will display a separate bar for each input value. See chapter 6, Table output, for
more on how multiple values affect outputs.

5.3. Input Guide

The “Input Guide” dialog box is opened by clicking the Guide [g4 button to the left of each input variable text
box.

5.3.1. Continuous variables

Valid input ranges can be viewed in the “Input Guide”
: dialog box.
4 Back | = Frivd | {iiHome | € Tndex
Bt = Single values are entered in just the From text box; a
(0.0 - 60.0 mifh) Midflame Wind second value can be entered in the Thru text box.

From [0
Thru |20
Step |5

\ g—*" Speed

Midflame wind speed is the wind speed that
exists at midflame height abowe the fuel bed and
affects surface fire spread. Midflame wind is often

B g B called eve-level wind, =
v

< |

Ok | Clear | Cancel |
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For continuous variables the “Input Guide” dialog box allows definition of a range of values by a constant
increment. For example, midflame wind speed from 0 to 20 mi/h in steps of 5 enters 0, 5, 10, 15, 20 on the
Worksheet as shown below.

?gBehavePlus 400 Page 1
e ™
Inputs: SURFACE
Description a |
Fuel'Vegetation, SwtaceUnderstory
Fuel Model B
Fuel Moishire
1-h Moisture % B
10-h Moisture % B
100-h Moisture % B
Live Herbaceous Moisture b a |
Live Woody MMoisture b a |
Weather
Midflame "Wind Speed (upslope) mith }} [o.0, 5.0, 10.0, 15.0, 20.0
Terrain
Slope Steepness b a |

You can also enter a decreasing range with a negative step. This is useful when you have two input variables,
such as wind and fuel moisture, that have opposite effect on fire behavior

5.3.2. Discrete variables

When the Guide button is clicked for a discrete variable, the allowed selections are given in the center pane of
the “Input Guide” dialog box.

Clicking the values selects them; you can select several values. This example shows the fuel model "Input Guide"
dialog box. The Ok button enters the selected fuel models on the Worksheet.

B3 BehavePlus 4.0.0 Input Guide H=

[+

Sort |Value |DEscription & Back | = Frwd | {2+ Home | & Tndex |

006 6 Deotraant brush, hardwood slash (3] BT, 19 —
o077 Southern rough (5) J v | Fllt‘l 1\[“‘]0:‘]

oog 8 Shert needle litter (5)

o111 Light logging slash (3)
012 12 e dmm loggng slash (2) Rothermel's mathematical model that predicts surface fire spread
013 13 Heawy logging slash (3)

A fuel model 15 a set of numencal values that describe the fuel mputs for

There are 53 standard fire behavior fuel models including the orignal 13

101 gl Shert, sparse, dry climate grass (D) (101) described by Anderson {1982, plus the forty defined by Scott and Burgan

i 2 , dry climate by (2004). Custom fuel models can be developed and saved for later use. Standard

and custom fuel models can be used with one of the three options for calculating a

weighted rate of spread through two fuel models. And there are special case fuel

maodels that require different mput: palmetto-gallberry (Hough and Albini 1978)

and western aspen (Brown and Simmerman 1986) _ILI
»

4 |

Clear Cancel |

103 g3 Low load, very coarse, humid climate grass (D) (103) -
|

[~ Picture v Help
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5.3.3. Choices button

Although any value in the valid range can be entered for a continuous variable, in some cases common values

can be entered with the Choices button.

B BehavePlus 4.0.0 Input Guide

(0 - 504 %)

=] B

v Picture v Help

= Back |#Frwd |mHomE |@Iﬂdax |

Slope Steepness :I

Slope steepness is the maximum steepness of the
slope. It is expressed as either percent or degrees
depending on the input option that is selected

This is not necessarily the slope steepness in thE_'j
4 | »

Clear | @ Clancel |

Entering input

When available on the “Input Guide” dialog box, clicking the Choices button displays commonly used values.

After selecting values in the “Slope Steepness” dialog box, clicking Ok enters them on the Worksheet.

B3 BehavePlus 4.0.0 Slope Steepness

=] 3

4 Eacl | w Frivd |{;'}Home & Index |

Slope Steepness

Slepe steepness 13 the mazgimum steepness of the
slope. It iz expressed as etther percent or degrees
depending on the mput option that is selected
This 12 not necessarly the slope steepness in the
direction of spread.

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2008

33



Entering input BehavePlus v4.0 User’s Guide

5.4. Linked input variables

When using the CONTAIN module, with the multiple resources input option selected, some input
variables are directly associated with each other. This is an exception to the general BehavePlus rule. For
example, a line production rate, arrival time, and duration are assigned to each resource. Linked input variables
also allow you to enter multiple values for more than two input variables. In the following example, although
multiple values are assigned to several input variables, those variables are linked together, so only a single
calculation is done.

Fg BehavePlus 4.0.0 Mlon, Jun 02, 2008 at 07:20:58 Page 1

Inputs: CONTAIN
Description a I3 crews. single caleculation

Fire
Surface Rate of Spread (maximum) chvh a |1D .o
Fire Size at Report ar a |D .5
Length-to- Width Ratio - 1B

Suppression
Suppression Tactic a |Head
Line Construction Offset ch a |o
Eesource Name a lengineS1l crew2 crew3
Eesource Line Production Rate chfh a |1D 20 15
Eesource Arrival Time h a |o.o, 0.5, 2.0
Eesource Duration h a 555

Run Option Notes
Suppression input is for multiple resources [COMTATI,
for each resource, identified by a Resource 1ame, a single value
is specified for each resource item (line production rates, etc)

!ﬂg BehavePlus 4.0.0 Mon, Jun 02, 2008 at 07:20:58 Page 2
3 crews, single calculation
Contain Status Contained
Time from Report 1.4 h
Contamed Area 5.2 ac
Fireline Constructed 26.6 ch
Number of Rescurces Used 2
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6. Table output

When more than one value is assigned to one or two input variables, table
output is produced. Tables are produced by selecting the Display table
results check box in the "Calculate Results" dialog box that displays after
selecting a File > Calculate command.

BS BehavePlus 4.0.0 Calculate Results =] E3
Tables 8
v Display table results Cine nput variable has multiple values:
® 1-h Moisture
I™ Display graph results It prowides the table's row values.
The cutput vaniables are the table's column values.

I Specty graph T maslimits | )00

Cine continmons input variable has multiple values:

* 1-h Moisture

Cancel |

6.1. Single value calculation

When each variable is assigned only one value, a simple list of output is given. No table or graph is possible. For

example:

mBahavePlus 400 Tue, Jun 03, 2008 at 06:07-17 Page 1

Inputs: SIZE
Description a ISlngle value exzample
Weather
Effective Wind Speed mih Y [5

Fire

Sutface Rate of Spread (mazimum) chih a |1D
Elapsed Time L W

Pam Option Notes
NMone

Output Variables
Area (ac) [SIZE]
Perimeter (ch) [SIZE]

mBahavePlus 400 Tue, Jun 03, 2008 at 06:10:20 Page 2

e

Single value example

Area 3.9 ac
Perimeter 25 ¢ch
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When more than one value is assigned to a variable, table output is produced. Each output variable is a specified
column. For example, these multiple Rate of Spread inputs produce the page 2 table below:

g BehavePlus 4.0.0

Tue, Jun 03, 2008 at 06:10:20

Page 1

-

Inputs: SIZE

~

Weather
Effective Wind Speed
Fire

Elapsed Time

Surface Rate of Spread (maximum)

Description a [Table ofutput example

wh B 5

G EEm=>
=

@BahavePlus 400

Tue, Jun 03, 2008 at 06:28:17

Page 2

-

Table output example

ROS Fire Fire
(max) Area  Penmeter
ch/h ac ch
50 1.0 1z
10.0 3.9 23
15.0 8.7 37

6.3. Two way tables

When more than one value is assigned to two variables, a two way table is produced. A table is produced for
each selected output variable. Either variable can be specified as the row variable in the "Calculate Results"

dialog box.

g BehavePlus 4.0.0

Tue, Jun 03, 2008 at 06:34:45

Page 1

-

Inputs: SIZE

~

Weather
Effective Wind Speed
Fire

Elapzed Time

Sutface Rate of Spread (asrmum)

Description a [Table output example

wh B [5

Cancel

B BehavePlus 4.0.0 Calculate Results M= E3
v Display table results Tables
Select the Table Row Variable
O Bt Rt o i Gueiona) Two input variables have multiple vales:
¢ Elapsed Time * Surface Rate of Spread (mazimum)
* Elapsed Time
™ Display graph results
Selct the Woizis Variabls Select one of them te be the table's row variable
& Surface Rate of Spread (mesimunm) The unselected one will be the table's column
bl
" Elapsed Time vanEbe
(B Sty el F i A separate table will be produced for each output
variable
Graphs
|

36

For example, with the above inputs this dialog
box appears when you Calculate the Run.

After selecting the Rate of Spread
(maximum) option button and clicking the Ok
button, the following tables are produced:
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Table output

Pg BehavePlus 4.0.0

Tue, Jun 03, 2008 at 06:453:01

Page 2

[/'

Table output example

¥ Display table results
Select the Table Row Variable
" Surface Rate of Spread (mazimurm)

& Elapsed Time

Area (ac)
ROS Elapsed Time
(mazx) h
chth 0.5 1.0 1.5 2.0
5.0 0.z 1.0 2.2 3.8
10.0 1.0 3.9 .7 5.5
150 2.2 8.7 19.7 35.0
g BehavePlus 4.0.0 Tue, Jun 03, 2008 at 06:45:01 Page 3
Table output example
Perimeter (ch)
ROS Elapsed Time
(e h
chih 05 1.0 1.5 2.0
5.0 & 12 18 25
10.0 12 25 37 50
15.0 19 37 56 74
B BehavePlus 4.0.0 Calculate Results M= E3
Tables =

Two mput variables have multiple values:

* Surface Rate of Spread (maximum)

Changing the Table Row Variable to the
Elapsed Time radio button swaps the table

columns and rows produces the following Area

* Elapsed Time table:
I~ Display graph results
Select the T-Asis Variable Select one of them to be the table's row variable
' Surface Rate of Spread (masmum) The unselected one will be the table's column
® Blpond Tre variatle
B Sty g ¥ e i A separate table will be produced for each output
variable
Graphs
|
VlszehavePlus 400 Tue, Jun 03, 2008 at 07:05:32 Page 2

K

Elapsed
Time

h

0.5

1.0

15

2.0

Table output example

Area (ac)

Surface Rate of Spread (masximum)

chih
5.0 10.0 15.0
0.2 1.0 2.2
1.0 3.9 8.7
2.2 8.7 19.7
3.9 15.5 35.0
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6.4. Table appearance

Table row shading can be enabled with the Configure > Appearance > Tables tab.

B BehavePlus 4.0.0 Appearance Options H=1

ALpplication | Graph Size | Graph Elements | Page Tabs | T

I Werksheet |

= Back | = Erwvd | L Home | 5 Index
e e

W Shade alternate table rows (] Output Table Appearance Options

\a8
ad

Shade Light Grey -

This page controls the appearance of BehavePlus output tables.

Appearance Controls b
Show otly acceptable conditions * Shade alternate table rows

when table shading Checking this box causes all output tables to have alternating rows shaded with a
background color. This may improve the readability of wide tables.

Ifthe box is not checked, tables are displayed without any row background color.

I™ Picture ¥ Help

* Shade =

o |

Selecting the Shade alternate table rows check box causes all output tables to have alternating rows
shaded with a background color. This may improve the readability of wide tables. If the check box is cleared,
tables are displayed without any row background color. This table appearance option is used to improve table
readability, don’t confuse it with the Table shading for acceptable fire conditions output option. See
chapter 7, Table shading, for more information.

The table row background color is selected from the Shade drop-down list.

Selecting the Show only acceptable conditions when table shading check box replaces crossed off
output values with blank cells in the output tables produced with the Table shading for acceptable fire
conditions option as described in chapter 7.

6.5. Multiple pages

There is essentially no limit on the number of values that can be assigned to an input variable. But the resulting
table might not fit on a single page. For example, if rate of spread is calculated for values from 2 to 30 in steps
of 2, and elapsed time is specified as the row variable, the table overlaps onto 3 pages.

ﬂBehavePlus 400 Tue, Jun 03, 2008 at 07:21:50 Page 1

e N

Inputs: SIZE

Deescription ﬂ [rable output ezemple
Weather

Effective Wind Speed mih B [5

Surface Rate of Spread (masmimum) chih a |2,D, 4.0, 6.0, 8.0, 10.0, 12.0,
Elapsed Time h 0.5 .0, I.5, 2.0

Fire
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Table output

The > or < symbols lined to the right and/or left of the table heading indicates that there are additional results

for those variables in the indicated direction.

% BehavePlus 4.0.0 Tue, Jun 03, 2008 at 07:21:50 Page 2
(AEN N
Table output example
Area (ac)

Elapsed Surface Rate of Spread (masimum) =
Time chih =
b 2.0 4.0 6.0 2.0 10,0 124 =
05 o.0 0.z 0.3 0.6 1.0 1.4
1.0 0.2 0.6 1.4 2.5 3.9 5.6
15 0.3 1.4 3.1 5.6 8.7 12.6
2.0 0.6 2.3 5.6 9.9 15.5 22.4
L =8 BehavePlus 4.0.0 Tue, Jun 03, 2008 at 07:21:50 Page 3
(] I
Table output example
Area (ac)
< [Elapsed Surface Rate of Spread (maxmum) =
< fhne chih >
< 14.0 16.0 18.0 20.0 220 244 =
18] 1.9 2.5 3.1 3.9 4.7 5.6
1.0 7.6 9.9 12.6 15.5 18.8 22.4
1.5 7.1 22.4 28.3 35.0 42.3 50.3
2.0 30.5 39.8 50.3 62.2 73.2 89.5
los |
L =8 BehaveFPlus 4 0 0 Tue, Jun 03, 2008 at 07:21:50 Page 4
/T I
Table output example
Area (ac)
lapsed Sutface Rate of Spread (asamum)
ime chih
26.0 230 30.0
0.5 6.6 7.6 8.7
1.0 26.3 30.5 35.0
15 38,1 66.5 78.7
2.0 105.0 121.8 139.9

The box diagram at the upper left of the pages shows the relative position of the currently viewed page in the
multi-page table.
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In this example, however, it would make more sense to specify rate of spread as the row variable since it
produces a table that fits on a single page as shown below:

l.%Bﬁhaval?lusdlCICI Tue, Jun 03, 2008 at 074725 Page 2
s N
Table output example
Area (ac)

ROE Elapzed Time

(maz) h

chrh 0.5 1.0 15 20
2.0 0.0 0.2 0.3 0.6
4.0 0.2 0.6 1.4 2.5
6.0 0.3 1.4 3.1 9.6
2.0 0.6 2.5 5.6 9.9
10.0 1.0 3.9 8.7 15.5
120 1.4 5.6 12.6 22.4
14.0 1.9 7.6 17.1 30.5
16.0 2.5 9.9 22.4 39.8
180 3.1 12.6 28.3 50.3
20.0 3.9 15.5 35.0 52.2
220 4.7 153.8 42.3 75.2
24.0 5.6 22.4 50.3 9.5
26.0 6.6 26.3 59.1 105.0
280 7.6 30.5 68.5 121.8
300 8.7 35.0 78.7 139.9
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7. Table Shading

Table shading for acceptable fire conditions is designed to display the
conditions that contribute to acceptable fire behavior, such as in developing
a prescribed fire prescription. It replaces the RXWINDOW program of the old BEHAVE system (Andrews and
Bradshaw 1990). RXWINDOWV reversed the calculations to determine conditions that corresponded to
specified fire conditions. As additional fire models have become available, this approach is unfeasible. The
approach taken in BehavePlus is different from that in RXWINDOW.

7.1. Activating the Table Shading Option

To implement the table shading option select the Table shading for acceptable fire conditions check
box in the “Module Selection” dialog box.

B Behaverius 4.0.0 Hodule Selection M= E

ek | Frd ﬁ. Home @hau

R Sigfice Fire Spread (SURFACE)
I~ Crown Fire (CROWI)

Sptons._|

Q
I Sty Zene (SAEETY)

Q

Options.,|

Module
Selection

r Seze of a Pt Source Fe
(SIZE)
~ Fire Containment
(CONTAIN)

Chack those Modules you wish to activate

Indentabion mdicates modules that can be mked

I" Spottng Distaarce (SPOT) | Opticns... Yogether, with the output Gom oms used as gk

™ Crown Seorch (SCORCH)  Ophions.., to the next
Tree Mortalty Press a Module's Options... button to configire
(MORTALITY) Options.. its mput ophi arge the 22t of cutput -

[ Drobal o o Options wariables t caleulates
Checking the o Dugplay oulput distances in
s - N N he
r & dishane . gy unile wdds map descnptors to 4
L ispla S5 AP wrkshest so cutpus veriables such & *spread
F Table shading for acceptable fire condiions distance” are displayed in both real world and

mag urats. Checking the e Tabls shading for

. acceptable fire conditions adds a section to the
¥ Picture  Helo hrE—— p——— |

(23 Cancel |

Once the Table shading for acceptable fire conditions check box is selected a new section,
Acceptable Fire Conditions, appears on the Worksheet.

ﬂ BehavePlus 4.0.0 Pags 1

a N
Inputs: SURFACE
Deescription a ]

Fuel'Vegetation, SurfaceUnderstory

Fuel Model B
Fuel Moisture

Dead Fuel Moisture % a |

Live Fuel Moisture % a |
Weather

Midflarne Wind Speed (upslope) ik a |
Terrain

Slope Steepness % a [

Acceptable Fire Conditions

Surface Rate of Spread (mamximurm) (chh) IEI .0 - IEI .0
Flame Length ® - [0.0 -[o.0
Output Variables

Surface Rate of Spread (masamum) (chh) [SURFACE]

Flame Length () [SURFACE]

Direction of Mazmimum Spread (fom upslope) (deg) [SURFACE]
Max Eff Wind Exceeded? [SURFACE]

Notice that some of the output variables are listed in the Acceptable Fire Conditions section. Not all the
output variables are available to be constrained. The output variables that can be used to identify acceptable fire
conditions are listed in the Variables paper.
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7.2. Entering Acceptable Fire Conditions

In the Acceptable Fire Conditions section each output variable listed has a check box and two text boxes
for entering the range of acceptable fire conditions. By default the check boxes are cleared. The ranges specified
in the text boxes are only considered if the output variable check box is selected.

Acceptable Fire Conditions

Surface Rate of Spread (macamum) (c r \o.o - |D\ 0
Fireline Intensity (B’ — |0 - |I]
Flame Length ft\ — f|0.0 —ll].l]

This allows you to view all the output variables you want while only using a subset to define your acceptable fire
conditions. Of course if an output variable is of no interest then clear it from the Outputs tab for the
appropriate module and it appears in neither the Acceptable Fire Conditions or Output Variables
section.

After selecting the output variables to define acceptable fire conditions enter the acceptable ranges in the
corresponding text boxes.

m BehavePlus 4.0.0 Dage 1

- ~

Inputs: SURFACE
Description a ITah le Shading Example
Fuel/Vegetation, Smface/Understory

Fuel Model a [e1s
Fuel Moisture
1-b Moisture Yo a |3, 4, 5, 6, 7, 8
10-h Moisture “w B[s
100-h Moisture w B
Live Herbaceous Motsture % a |
Live Woody Motsture %% a |
Weather
Midflame Wind Speed mh Y [0, 1. 2. 3. 4. 5
Direction of Wind Vector (fom upslope) deg a |[|
Terrain
Slope Steepness % a |35

Acceptable Fire Conditions

Sutface Rate of Spread (masimum) (chh) & |3 .o -|5.0
Fireline Intensity (Brufts) T 10 =0

Flame Length ® |EI.EI —l[l.[l

When you clear a check box in the Acceptable Fire Conditions section there is no need to zero out the
range text boxes. Ranges are ignored if the check box is cleared.
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7.3. Viewing Results

Table Shading

After calculating the Run the table output will look like this. Rate of Spread values less than 3.0 ch/h or greater
than 5.0 ch/h are crossed off.

m EBehaveFlus 4.0.0

Mon, &pr 28, 2008 at 08:14:37 Page 3

-

Table Shading Example

Surface Rate of Spread (maximum) (clvh)

Midflame Wind Speed

The corresponding cells are also crossed off on the fireline intensity table,

m EBehaveFlus 4.0.0

Mon, &pr 28, 2008 at 08:14:37 Page 4

-

% 0.0

Table Shading Example
Fireline Intensity (Btu/ft/s)

\

Midflame Wind Speed
mith

20
70
60
52
45
40

Once you have developed a prescription window that you want, you can produce a table with blanks in place of
the crossed-off values. Select the Configure > Appearance preferences > Tables tab and select the
Show only acceptable conditions when table shading check box.

Appearance Options

v Shade alternate table rows

Shade Light Grey -

= Show only acceptable conditions
when table shading

4 Back | wp Frwrd | fiiHorme | &> lndex |

Application | Graph Size | Graph Elements | Page Tabs | Tables: | Worksheet
g P P ag

Appearance Controls

I~ Picture ¥ Help

* Shade alternate table rows
Checking this box causes all output tables to have alternating rows shaded with a
background color. This may improve the readability of wide tables.

If the box is not checked, tables are displayed without any row background color.

+ Shade
Select a table row background shade from the drop-down list. The current shade
appears as the first list item.

# Show only acceptable conditions when table shading
This option is meaningful only when Table shading for acceptable fire conditions
is checked in the Module Selection window. When this option is checked, blank
cells indicate unacceptable values. When this option is not checked, unacceptable

. -]
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The table now looks like this.

l.m?l: BehavePlus 4.0.0 Mon, Apr 28, 2008 at 08:50:54 DPage 3

Table Shading Example

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

1-h Mlidflame Wind Speed

Moisture mith

% 0.0 1.0 20 30 4.0 5.0
3 3.4 4.6

4 ERpS 4.2

5 3.8

6 3.5 4.8

7 3.2 4.3

8 4.0

If Fireline Intensity is also selected to define acceptable fire conditions all output tables will change.

Acceptable Fire Conditions

Surface Rate of Spread (masimmi) (chy m [3.0 -[5.0
Fireline Intensity Bl @ [0 - [0
Flame Length ® - [0.0 ~[o.0

For the above ranges using the same fuel, weather, and topography inputs the table outputs looks like this;

gBehavePlus 4.00 Men, &pr 28, 2008 at 10:30:17 Page 3

Table Shading Example

Surface Rate of Spread (maximum) (clvh)

1-h Midflame Wind Speed

mBEhavsplus 400 Mon, Apr 28, 2008 at 10:30:17 DPage 4

Table Shading Example
Fireline Intensity (Btu/fi/s)

1-h Mlidflame Wind Speed

Now acceptable output must meet both ranges of acceptable conditions which further constrains the fuel
moisture and wind conditions that give desired results. Selecting two or more variables in the Acceptable
Fire Conditions section give results that should be interpreted carefully.
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8. Graph output

When more than one value is entered for one or two input variables,
graphs can be produced. Graphs are viewed by selecting the Display
Graph Results check box in the "Calculate Results" dialog box that
displays after Calculate is requested. The form of the graph depends on whether the variables are continuous or
discrete. The program automatically takes care of the differences for the user.

B BehavePlus 4.0.0 Calculate Results M= E3

Tables

7 Display table results One input variable has multiple values:

+ Dead Fuel Moisture
¥ Display graph results
Tt provides the table's row values.

I~ Specify graph ¥ asis limits The output wanables are the table's column values

Graphs

One continuous input variable has multiple values:

e e -]

Cancel

J

8.1. Single variable graph

When a range of values is entered for a single continuous variable, a graph is produced by calculating a fixed
number of points (which can be changed in the Configure > Appearance > Graph Elements tab) over
the entered range. Intermediate values entered on the Worksheet are ignored. For example, rate of spread

entry of 5, 7,9, | I, I3, 15 produces the same graph as rate of spread entry of 5, 15:
ﬂ BehavePlus 4.0.0 Fri, Jun 06, 2008 at 06:29:49 Page 1
Inputs: SIZE

Description ﬂ [Praph Example &
Weather
Effective Wind Speed roith ﬂ |5
Fue
Surface Rate of Spread (mactmum) chih ﬂ |5 . 15
Elapsed Time h ﬂ |1.0
m BehavePlus 4.0.0 Fr, Jun 06, 2008 at D6:28:4% Page 3
f Graph Example A \
s
7 —|
7—]
& —|
25
P
54
37
27
1—]
0 T | T | T | T | T | T | T | T
0 2 4 [3 3 10 12 14 16
Surface Rate of Spread (mazimum) (ch/h)
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When a range of values is assigned to a discrete variable, a bar graph is produced. For example, the following is
a comparison of surface fire spread rates for the standard |3 fire behavior fuel models:

ﬂ BehavePlus 4.0.0 Fr, Jun 06, 2008 at 06:42:24 Page 1
- ~
Inputs: SURFACE
Description a |praph Example B
Fuel/Vegetation, Smface/Understory
Fuel Model Bl 2.3 4.5, 6. 7, 8, 9, 10,
Fuel Moisture
Dead Fuel Moisture % a |5
Live Fuel Moisture % a |1[|[|
Weather
Midflame Wind Speed (upslope) mith a |5
Terrain
Slope Steepness % a |12
m BehavePlus 4.0.0 Fn, Jun 06, 2008 at 06:42:24 Page 2

/

Graph Example B

180 —
160 —
140 —

120—

100 —

ca
=3

o
[=

I
[=

Surface Bate of Spread (mazimuom (chih)

]
=

=1

1 2 3 4 5 & 7 8 9 10 1 1z 13
Fuel Model

8.2. Two variable graph

When a range of values is assigned to two variables, a graph is produced. If both variables are continuous, the
variable used for the X-axis can be selected from the "Calculate Results" dialog box. For example:

gBehavePlus 4.0.0 Fri, Jun 06, 2008 at 06:56:44 Page 1
' I

Inputs: SURFACE

Description a |praph Example C
Fuel'Vegetation, Smface/Understory

Fuel Model B
Fuel Moigture

Dead Fuel Moisture ¥ a |5, 10, 15

Live Fuel Moisture ¥ a |1DD
Weather

Midflame Wind Speed (upslope) mih a IEI.D, 5.0, 10.0, 15.0, 20.0
Terrain

Slope Steepness £ a |12
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In the "Calculate Results" dialog box clear the Display table results check box and accept the defaults in the
Display graph results section:

%Behave?lus 400 Fri, Jun 06, 2008 at 06:56:44 Page 2

s ™,

Graph Example C

430

- Midflame Wind Speed (upslope)
= 400 — (mvh)

350 —
300 —
250 —
200 —

150 —| 15.0

100 —| 4

Surface Rate of Spread (maximum (chh

50—

0 2 4 6 8 10 12 14 16
Diead Fuel Moisture (%4)

With Dead Fuel Moisture(%) as the X-Axis Variable a seperate line is produced for each of the other
multiple input worksheet values (Midflame Wind Speed (upslope) in this example).

Changing the X-Axis Variable to the Midflame Wind Speed (upslope) in the "Calculate Results" dialog
box produces a very different graph:

%Behave?lus 400 Fri, Jun 06, 2008 at 07:00:59 Page 2

4 Graph Example C o

430

Dead Fuel IMostuy

= 400 —

350 —

300 —

250 —
200 —
150 —

100 —

Surface Rate of Spread (maximum (chh

50—
l 1
0 I | T | T | T ‘ T ‘ T | T | T | T ‘ T
0 P 4 & 8 10 12 14 16 18 20
Widflame Wind Speed {upslope) (mih)
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If a range is assigned to two variables, one continuous and one discrete, the continuous variable is always on the
X-axis. For example:

ﬂBehavePlus 4.0.0 Fri, Jun 06, 2008 at 07:18:36 Page 1
- ™
Inputs: SURFACE
Description a |praph Example D
Fuel'Vegetation, Smface/Understory
Fuel Model Bz 34
Fuel Moigture
Dead Fuel Motsture Y a |5
Live Fuel Moisture Y a |1DD
Weather
Mdidflame Wind Speed (upslope) mv'h a |D.D, 5.0, 10.0, 15.0, 20.0
Terrain
Slope Steepness £ a |12
B BchavePlus 4.0.0 Calculate Results x| With two variables, one continuous and one
T - | discrete, you no longer have the option of
ables

I Display table results . _ - - . "
oot the Toble Rt Varichle changing the X-Axis Variable in the "Calculate

& Fuel Model Two input variables have multiple walues: ResUItS" d|a|og bOX.

® Fuel Model
® Midflame Wind Speed (upslope)

 Midflame Wind Speed (upslope)

v Display graph results
(B Sty el F i Select one of them to be the table's row wanable
The unselected one will be the table's colummn

‘ wanable

Fg BehavePlus 4.0.0 Fri, Jun 06, 2008 at 07:18:36 Page 2

a Graph Example D N

Fuel Mode
mo—

600 —

500—

400 —

300—

200—

Surface Rate of Spread (maximum (ch/h)

=
=

(=

1 7 7 T
0 2 4 6 3 10 12 14 16 18 20
Midflame Wind Speed (upslope) {mith)

A graph is not possible when ranges are selected for two discrete variables.

8.3. Axis scales

Setting axis scales is important for getting the best information from your Runs, and especially for comparing
graph output from different Runs.
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8.3.1. X-axis

The X-axis variable and scale are the same for all graphs produced by a Run. The maximum for the x-axis is set
to be the maximum value specified for the variable on the Worksheet.

X Axis Origin and Y Axis Origin (minimum values) can be set for each as either zero or as the variable's
minimum value as specified on the input Worksheet. The graph origin is set to (0,0) as the default.

For example, consider the following Run:

ﬂa BehavePlus 4.0.0 Fr, Jun 06, 2008 at 07:34:14 Page 1
- ™
Inputs: SURFACE
Description a [oraph Axis Example
Fuel/Vegetation, Smface/Understory
Fuel Model B
Fuel Moisture
1-b Moisture %o a [+ 20
10-h Moisture “w B[s
100-h Moisture % B
Live Herbaceous Motsture % a |
Live Woody Motsture % a |12[|
Weather
Midflame Wind Speed (upslope) tih a |[|.[|, 4.0, 8.0
Terrain
Slope Steepness %% a |[|

Options to define the origin of the graph are set through the Configure >
Appearance > Graph Size tab.

Graph Size (%) |30 ¥l | Setting both the X Axis Origin and Y Axis Origin to zero produces the

following graph:

Graph Title I Ehott 'l

— @ =
rwom@E )

mBahavePlus 400 Fn, Jun 06, 2008 at 07:34:14 Page 2

/

Graph Axis Example

Midflame Wind Speed (upslope)
35— (mith)

25—

20—

Surface Bate of Spread (mazimuom (chih)

0 P 4 & 8 10 12 14 16 18 20
1-h Moisture (%4)
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In the Configure > Appearance > Graph Size tab select Min Value from the
X-Axis Origin drop-down list to alter the graph appearance.

Graph Size (%) |50 =
Graph Title I Short 'I

Iin Value R

Y Aszas Origin I Zero 'I

P‘g BehavePlus 4.0.0 Fri, Jun 06, 2008 at 08:10:11 Page 2

Graph Axig Example

Widflame Wind 3peed {upslope)
35— (muh)

25—

20—

Surface Rate of Spread (maximum (ch/h)

4 [ 3 10 12 14 16 13 20
1-h Moisture (%)

8.3.2. Y-axis

The Y-axis scale normally differs between graphs produced by a Run since each graph is for a different output
variable. For example, fireline intensity and flame length have different ranges of output and require a different
Y-axis scale. By default the Y-axis is scaled to the maximum calculated output value for the variable to make best
use of the graph area.

When you want to compare graphs between Runs, different Y-axis scales can obfuscate the comparison. A rate
of spread graph for fuel model 10, for example, usually has a narrower output range than for fuel model 5 under
the same conditions. To better compare calculated rate of spread graphs for the two fuel models, you can set
both graphs to have the same Y-axis scale.
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Graph output

The following Run is for fuel model 10, which has relatively low rates of spread.

ﬁa BehavePlus 4.0.0

Sat, Jun 07, 2008 at 07:15.00 Page 1
- ~

Inputs: SURFACE

Description a ||Y—Ax15 Example
Fuel/Vegetation, Smface/Understory

Fuel Model B o
Fuel Moistire

1-b Moisture %o a [+ 20

10-h Moisture “w B[s

100-h Medsture “w B[s

Live Herbaceous Medsture % a |

Live Woody Motsture % a |12[|
Weather

Midflame Wind Speed (upslope) tih a |[|.[|, 4.0, 8.0
Terrain

Slope Steepness %% a |[|

With the X Axis Origin and Y Axis Origin set to zero, the rate of spread graph below is produced:

@BahavePlus 400

Sat, Tun 07, 2008 at 07:15:00

Page 2

/

Y-Axis Example

\

Surface Rate of Spread (mazimuom (chih)
[ea]

Midflame Wind Speed (upslope)

(mihy

& 3 10 12 14 16
1-h Medsture (%)

To compare the results for fuel model 10 with the faster spreading fuel model 5, the scale for the fuel model 10
Run is changed to match that produced by model 5. The calculated maximums are given for each of the selected
output variables as a reference.

™ Display table results
—Select the Table Row WVariable ——

& 1-h Moisture

 Midflame Wind Speed (upslope)

v Display graph results
Select the X-A=s Vanable

& 1-h Moisture

 Midflame Wind Speed (upslope)

T Specify graph Y axs limit
pecify graph ¥ axis ]
E Spocy goeh ¥ s>

~

® 1-h Moisture
® Midflame Wind Speed (upslope)

Select the one to be the z-azie vanabls

The unselected variable is plotted as a series of graph
lines

A separate line graph is produced for each output
wariable

Specify Graph Y Axis Limits

Checl this box if you wish to modify the Y asis

I~ {Picture i

ranges of the cutput graphs before they are

displayed.

Cancel

=l

[B bchaveplus 400 Colculate Resuls x| In the "Calculate Results" dialog box select the

Specify graph Y axis limits check box if you
wish to modify the Y-axis ranges of the output
graphs before they are displayed.
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This displays the "Graph Limits" dialog box, where you can change the Y-axis maximum for the variable Rate of
Spread (maximum) to 40:

BS BehavePlus 4.0.0 Grapl its Dialog M=l B3
4 Back | m Erwvd | {iiHome |&Index |
Y Axis Y Axis
Graph T Variables Cutput Range i Masirmum [ O
Graph Y Axis
Surface Rate of Spread (mazimum) 0.5 - 15.5 Ehfhl[] ] i’ m i’ Y == L‘, !t
1mits

Flame Length 12-708  foo 2o E| L—
This dialog allows you to specify the ¥ auis
mintmum and maxirmum walues for any or all of the

I™ Picture W Help output graphs of this nn. =

Ok Cancel

ﬂBehavePlus 400 Sat, Jun 07, 2008 at 07:36:55 Page 2

a Y-Axig Example, Fuel Model 10 0

Widflame Wind Speed (upslope)
35— (mih)

25—

20—

Surface Rate of Spread (maximum (ch/h)

0 2 4 & 8 10 12 14 16 18 20
1-h Moeisture (%40)

The comparison with the corresponding graph for fuel model 5 is now more straightforward now that the axes
are the same.

gBehavePlus 4.0.0 Sat, Jun 07, 2008 at 07:39:1% Page 2
4 Y-Axig Example, Fuel Model 5 o
40
_ Midflame Wind Speed (upslope)
35— (k)

25—

20—

Surface Rate of Spread (maximum (chib)

0 P 4 & 8 10 12 14 16 18 20
1-h Moisture (%4)
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8.4. Graph appearance

0.0 Appearance Opliom.

TGiriph Size

Graph Elements

Page Tabs | Tables | Worksheer |

| o Frund | ¥y Home | A Tndex |
Graph Size (39) |50 3: ) . .
Graph Size Options
Graph Title Shorr -
This page contrels the size and location of BehaveFhus graphs on the output page.
Hfms Onga | Zere i Appearance Controls
* Craph size
- Controlz graph vertcal height. Graphs are drawn startng ar the upper left comer of the
¥ smeOngn | Zere i page and may occupy 259 to 1008 of the page height,
* Graph ntle
I Powe & Help Controls graph tile content
& Short =

8.4.1. Graph Size

Graph Size (%) [Hi] 3:

Surface Rate of Spread (maximus (eh/t)
T
Il Il
/

Midflame Wind Speed (upslope)
(mif)

[ rrorr1rrr T rTT
2 W12 14 15 18 @
1-h Moisture (%)
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Graph output

The appearance of the graph can be
changed through the Configure >
Appearance > Graph Size and
Configure > Appearance > Graph
Elements tabs.

The vertical graph height on the page is set with the Graph Size(%) spin box on the
Configure > Appearance > Graph Size tab.

Graphs are drawn starting at the upper left corner of the page and may occupy 25% to

Graph Titl - . . . .
aphite | Shor 100% of the page height. The default is 50%, as shown in the following graph.
I Azis Origin | Zero <
T Axzis Origin | Zero 2
EEehaVePlus 400 Sat, Jun 07, 2008 at 07:57:22 Page2
¢ Graph Size Exarnple \
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Changing the Graph Size to 100% changes the above to the following graph:
Graph Size (%) =
Graph Title I Shott M
X Awis Origin IZero ©
T Asds Origin IZero h
Fg BehavePlus 400 Sat, Tun 07, 2008 at 08:02:02 Page2
' Graph Size Exarnple ™
Midflame Wind Speed (upslope)
] i)
14—
12—
g
4 10—
E
5 i
kS
3
g oy
& 0
:
Fll e
g
= 0
]
|
7 pa— ]
nl‘l‘l‘l‘l‘l‘l‘l‘l‘l
o 2 4 f 3 10 12 14 16 18 20
1-h M sisturs (95)
- /

8.4.2. Graph Title

The graph title content is controlled using the Graph Title drop-down list on the

Configure > Appearance > Graph Size tab.
Graph Size (%) |50 s
Selecting Short from the Graph Title drop-down list displays just the contents of
the Worksheet Description text box as the title. Selecting Long displays the

Description text box and the graph variables.

Graph Title

X Azis Origin IZero v
T Axis Origin IZero 2
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?gBehavePlus 400

Sat, Jun 07, 2008 at 13:57:58 Page 1

-

Inputs: SURFACE

Slope Steepness

Description |5 [Fraph Title Ezemple
Fuel'Vegetation, SwtaceUnderstory

Fuel Modsl Bl [0
Fuel Moisture
Dead Fuel Moisture b a |3, 9, 15
Live Fuel Moisture % a IIDD
Weather
Midflame Wind Speed mih B [070, 5.0, 10.0
Direction of Wind Vector (from upslope) deg a |Q
Terrain

% @

?gBehavePlus 400

Sat, Jun 07, 2008 at 13:57:58 Page 2

-

30

Graph Title Example 0

[
Lh

20—

Surface Rate of Spread (maximum (ch/h)
o

Ifidflame Wind Speed
(mih)

4 6 8 10 12 14 16
Dead Fuel Moisture (%4)

BS BehavePlus 4.0.0 Appearance Options.

Appheation | Graph Size

Graph Size (%) [50 =

Graph Title

X Awmis Ongn | Zero -
Y Awis Orgin | Zero -

I~ Picture ¥ Help

[H[=] E3

Graph Elements | Page Tabs | Tables | Worksheet |

4 Back | m Erwvd | 1t Home | & Index |

— =
“ Graph Size Options

This page controls the size and location of BehawePlus graphs on the output page
Appearance Controls

® Graph size
Centrels graph wertical height. Graphs are drawn starting at the upper left corner ofthe
page and tmay occupy 25% to 100% of the page height

¢ Graph title
Controls graph title content.
® Short =l

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2008
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Using the above Run a graph with a short title (the default) looks like the following.

Selecting Long from the
Graph Title drop-down list
on the Configure >
Appearance > Graph Size
tab adds more information to
the title.
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ﬂBehavePlus 4.0.0

Diead Fuel Motsture (94)

Sat, Jun 07, 2008 at 14:16:10 Page 2
4 Graph Title Example
Sutface Rate of Spread (mazimum)
by Dead Fuel Moisture
and Midflame Wind Speed
30
% a Midflame Wind Speed
Loa5 | (mvh)
=y
E 4
!
B 20—
g 0
]
& 15—
I
& 4
k]
2 10—
[
o _
§
3 4
kS oo
0 L L T T T L L
0 2 4 6 3 10 12 14 16

8.4.3. Graph colors

BehavePlus v4.0 User’'s Guide

Graph colors can be changed with the Configure > Appearance > Graph Elements tab.

BS BehavePlus 4.0.0 Appearance Options. M=l B3
Appheaion | Graph Size | [Sraph Elements | Page Tabs | Tables | Worksheet |
= Back | o Frord | i Home | & Index |
Background “White -
This page controls the color and width of BehawePlus cutput graph elements =l
Ramnbow Colors |3 3:
Appearance Controls
Bar Color Red -
— * Background Color
Curve Pomts 100 ¥ f
Controls the graph's background color. Select one of the predefined colors from the drop-down list
Curve Color Rambow Colors =
Curve Width |3 = * Rainbow Colors
Aisis Color m Controls the number of colors used to display graph lines or bars when Rainbow coloring 15 selected
Ais Width 1 : If'4 colors are requested, for example, four equally-spaced hues from the celor spectrum are used to
display each graph line or bar in tumn. If there are more than 4 curves, then the colors are reused.
Grdline Color | Yellow -
Cridline Width |1 =
* Bar color
Controls the color used to fill graph bars. Select one of the pre-defined colors from the drop-down
™ Picture v Help bst.
|

Cancel

Colors are selected from the predefined drop-down lists.

Background is the background color of the graph.

Rainbow Colors sets the number of colors used to display graph lines or bars when Rainbow Colors is
selected as the curve color. With three rainbow colors, the colors are red, green, and blue. If 4 colors are
requested, four equally spaced hues from the color spectrum are used to display each graph line or bar in turn.

Bar Color is used to fill graph bars. Selecting Rainbow Colors fills each bar with its own color. The number of
rainbow colors is set by the Rainbow Colors spin box discussed above.

Curve Color is used to draw graph lines. Selecting Rainbow Colors draws each line with its own color. The
number of rainbow colors is set by the Rainbow Colors spin box discussed above.

Axis Color is used to draw graph axis lines, tic marks, and axis labels.

Gridline Color is for the graph grid lines. The default is yellow.
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Eainbow Colors
Bar Color Eed
Curve Points 20

Curve Width 3

Background I “White - l

s
v
-

s
v

Curve Color IRajnbow Colors 'l
Lz Color IBlack 'l

Changing Rainbow Colors to 10 results in the following graph coloring:

Axis Width 1 2]
Gridline Color I Tellow 'l
Gridline Width |1 -
mBahavePlus 400 Sun, Jun 08, 2008 at 07:00:26 Page 2

/

oo

Graph Colors Example

Surface Rate of Spread (masmimum)
by Live Fuel Moisture

and Dead Fuel Moisture

o

14—
12—
10—

Surface Rate of Spread (mazimuom (chih)

Dead Fuel Moisture
%)

| |
100 120 140 160 180 200
Live Fuel Moisture (o)

8.4.4. Line widths

Bar Color Eed
Curve Points 20

CCurve Width 3

Background I “White - l
Rainbow Colors |10 3:

-

4

Curve Color Eainbow Colors 'l

Lz Color Elack

@dth 1

Gridline Color | Yellow

@'cume Width D

[ L L]« |14

Line widths can be changed using the Curve Width, Axis Width, and
Gridline Width spin boxes on the Configure > Appearance > Graph
Elements tab.

Curve Width sets the width of graph lines. 0 is the thinnest and 9 thickest.

Axis Width sets the width of axis lines drawn on the graph. | is thinnest and 9
thickest.

Gridline Width sets the width of grid lines drawn on the graph. | is thinnest
and 9 thickest. To prevent the display of any grid lines set Gridline Width to
0.
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The following graph uses the default line settings.

b &% BehavePlus un, Jun 08, at 06 age
ﬁBh Plus 4.0.0 Sun, Jun 08, 2008 at 06:5%:12 Page 2
4 Line Width Example M
Sutface Rate of Spread (mazimum)
by Live Fuel Moisture
and Dead Fuel Moisture
18

—_ — Dead Fuel Motsture

g 16— o)

B 14—

g .|

B 12—

é —

= 10—

= —

5]

& _

z 6

[ —

-

o _

5 2 L

ol —

0 L L T T T T ] ] T
40 60 30 100 120 140 160 150 200
Liwe Fuel Moisture (%)

8.5. Number of curve points

The resolution of the curves can be changed with the Curve Points spin box

Backgromnd [ Whie = on the Configure > Appearance > Graph Elements tab.
Eainbow Colors |3 3: i
e Gl od The Curve Points spin box determines the number of points calculated for
& T . . . . .
_ — | each curve in the graph. A straight-line segment is drawn between each pair of
Curve Points m —

: points. The default is 100 points. In cases where many curves are plotted and
Curve Color [ Rainbow Colors <] the calculation time is slow, reducing the number of curve points will speed
Curve Width |3 ¥ | things up.

Awis Color IBlack—L,
AsWidh  [1 &
Gridline Color Im
Gridline Width |1 -
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9. Diagram output

In addition to the usual table and graph output, BehavePlus produces

diagrams for the following output variables.
* Wind/slopeffire spread direction diagrams from the SURFACE module
* Fire characteristics chart from the SURFACE module
* Shape of a point source fire from the SIZE module
* Shape of a fire after suppression action from the CONTAIN module

Diagram output is selected from the lists on the Configure > Module selection > (module name) >
Options... > Outputs tab for the corresponding module.

9.1. Wind/slope/spread direction

Direction diagrams can help the user avoid confusion on directions for wind, slope, and spread directions.

Direction input options are selected on the Configure > Module selection > SURFACE > Options... >

Directions tab.

Direction diagrams are produced with the Configure > Module selection > SURFACE > Options... >

Basic Outputs tab and selecting the Wind/Slope/Spread Direction Diagram check box.

B BehavePlus 4.0.0 SURFACE Module Options M=l &3

Fuel & Moisture | Wind Speed | Directions | Slope ‘ Basic Outputs IIntermedmtes | Fuel Outputs | P-G Cutputs | Aspen Outputs |

¥ Surface Rate of Spread FBack | = Lrwrd | it Homme | & Index

™ Heat per Unit Area & g =
I~ Fireline Intenstty

v Flame Length | 12
LA

I~ Reaction Intensity

Wind / Slope / Spread Direction Diagrams

™ Direction of Maximum Spread

™ Surface Spread Distance A diagram of the relative directions of slope, wind, head fire spread, and the direction of spread
I~ Midflame Wind Speed from a line fire 1z produced for each calculation result in table cutput. This ilustrates the relative

I Wind Adjusiment Fastor effect of wind and slope on head fire direction.

I™ Crown Ratio 10 Module It Notes
I~ Crown Fill Portion

I~ WAF Calculation
I~ Effective Wind Speed
I~ Effective Wind Speed Limit

Input None
Cutput | SURFACE

I Maz Ef Wind Ezceeded? The diagrams are useful for clarifying the selected input options and their resulting output values.

I~ Slope Steepness See Also

I~ Slepe Elevation Ch

gt et L # Fire Shape Diagrams
I~ Slope He
¥ Wind/Slope/Spread Direction Diagram Links

™ Fire Characterisucs * Variable Index
* Figure Index
# Table Index

I~ Picture I Help | * Guide Index | 'LI

4 »

Cancel

The diagrams differ according to the direction Input Options selected from the Configure > Module
selection > SURFACE > Options... > Directions tab. The following shows the Input Option selection,
the resulting Worksheet, the outputs table and diagrams.

Wind & spread dwechaons are
- degrees clockwize from upslope
(darection the wind is pushing the fire)

- degrees clockwize from north
(direchon from which the wind 1z blowing)
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FgBehavePlus 400

Sun, Jun 08, 2008 at 07:31.26 Page 1
. ™
Inputs: SURFACE
Description ﬂ “rv‘lnd/Slope/Spread Direction Ezample
Fuel'Vegetation, SwtaceUnderstory
Fuel Model B
Fuel Moisture
Dead Fuel Moisture o a |E,
Live Fuel Ioisture o a |120
Weather
Ifidflame Wind Speed mi‘h ﬂ 5.0
irection of Wind Vecter (from upslope) d_egimp
Terrain
Slope Steepness o a |1D 40
Pam Option Notes
Ilasimum reliable effective wind speed limit 1s imposed [STRFACE]
Calculations are only for the direction of mazimum spread [STTRFACE]
Fireline mtensity, flame length, and spread distance are always
for the direction of the spread calculations [SURFACE]
Wind and spread ditertions are.d 1ol Earnupelane [STREACE
@e witid vector is the direction the wind 18 pushing the fire [@
Output Variables
Sutface Rate of Spread (mamimum) (chh) [SURFACE]
Flame Length (ff) [SURFACE]
Direction of Masmumn Spread (from upslope) (deg) [SURFACE]
Wind/SlopeSpread Direction Diagram [STURFACE]
Fg BehavePlus 4.0.0 Sun, Jun 08, 2008 at 07:31:26 Page 2
7 ™

Wind/Slope/Spread Direction Example

Slope ROS Flame Direction

(mazx) Length ax KOS
% chh it deg
10 33.1 6.1 EE]
40 J2.9 6.1 G4
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/’

b =% BehavePlus 4.0.0 Sun, Jun 08, 2008 at 07.31:26 Page 2
Wind/Slope/Spread Direction Example
Wind / Slope / Fire Directions
Slope Steepness : 10 %
{ UpSlope )
5
-
Direction DE f Mazzirmm Spread (from upslope)
Direction of Wind Vector (from upslape)
Down Slope
Direction of Maziruam Spread (from upslope) 99 deg
Slope Steepness 40 %
Up 3lope
________ 5
i
Di 3{'Maxixmm Spread (fromupslope)
Direction of Wind Vector (fromupslope)
Down Slope
\ Direction of Maimum Jpread (from upslope) 34 deg /

Diagram output

The following illustrates the effect of selecting the Wind & spread directions are radio button on the
variables that are requested on the Worksheet.

Wind & spread directions are

" degrees clockwise from upslope
(direction the wind is pushing the fire).

@ degrees clockwise from nerth
(direction from wiich the wind iz blawnng).
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Wind/Slope/Spread Direction Example

Slepe ROZ Flame Direction

(maz) Length  MaxROS
E chih &t deg
10 33.1 6.1 £l
40 92.9 6. 354

m BehavePlus 4.0.0 Sun, Jun 08, 2008 at 21:12:43 Page 1
- ™
Inputs: SURFACE
Description a Ilend/Slope/Spread Direction Example
Fuel/Vegetation, Smface/Understory
Fuel Model Bz
Fuel Moisture
Dead Fuel Moisture % a |5
Live Fuel Moisture % a |12[|
Weather
Nidflame Wind Speed mih a 5.0
ind Direction (from north) deg a 190
Terrain
Slope Steephess Yo 10 40
= B>
Run Option Notes
Mlamtrrum reliable effective wind speed Lt 12 imposzed [SURFACE]
Calculations are only for the direction of masatoum spread [STTRFACE]
Fireline mtensity, fame length, and spread distance are always
for the direction of the corsadesalewationafSIIEEACE]
/Twm;d directions are degrees clockwise from nerth [SURFACE]
CMS the direction from which the wind is blewing [SURFACE
Output Variables
Surface Rate of Spread (maximum) (ch/h) [SURFACE]
Flame Length () [SURFACE]
Direction of Mastimum Spread (from north) (deg) [SURFACE]
Wind/Slope/Spread Direction Diagram [SURFACE]
m BehavePlus 4.0.0 Sun, Jun 08, 2008 at 21:12:43 Page 2
- ™
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m BehavePlus 4.0.0

Sun, Jun 08, 2008 at 21:12:43

Page 3

/

Wind/Slope/Spread Direction Example
Wind / Slope / Fire Directions

Slope Steepness - 10%
( Woth )

( Wind Direition (from north)
Up Slape

\\

South
irection of Maxmum 3pread (from north) 9 deg

Slope Steepness (40 %

Up Slops

Horth
)
T
)
'
i
)
i
i
i
—
Direction of Maxinomm Spread (from north)
Wind Direction (from north)
South

Direction of Maxdmum Spread (from north) 354 deg

NS

9.2. Fire characteristics chart

A fire characteristics chart diagram plots the relationship of rate of spread, heat per unit area, flame length, and
fireline intensity. This option is a simplified plot and does not offer the user any display options. Axis scales are

Diagram output

set automatically and points are labeled with simple numbers. In the future, BehavePlus will provide a Fire

Characteristics Tool so that the user can customize it for a specific need.

Fire characteristics charts are produced with the Configure > Module selection > SURFACE >
Options... > Basic Outputs tab and selecting the Fire Characteristics Chart check box.
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B BehavePlus 4.0.0 SURFACE Mudube Dptiuns

BehavePlus v4.0 User’'s Guide

Fuel & Mosnre | Wind Speed | Directions

W Swface Rate of Spread

I~ Heat per Urit Area

I~ Fireline Tatexsity

¥ Flame Length

I™ Eeaction Intensily

™ Direction of Madnmn Spread
™ Surface Spread Distance
™ Midlame Wind Speed

™ Wind Adjustment Factor
™ Crewn Ratio

™ Crewn Fill Portion

™ WAF Calculation

I~ Effective Wind Speed

™ Effective Wind Speed Limit
™ Max EF Wind Exceeded?
™ Slope Steepness

™ Slope Elevation Change

™ Slope Horizontal Distance

™ WindiSlopeiSpread Direction Diagram

I~ Ficture ¥ Help

| stope | [Basic Outputa |1.umdm¢g Fuel Qutputs | P-G Qutputs | Aspen Quiputs |

EBack | = | 2y o | e

[~

Fire Characteristics Chart

A fire characteristics chart displays four basic fire characteristics--rate of spread, heat per unit avea, fame
length, and fireline intensity--as a smgle poing on the chart (Andrews and Rothermel 1982, Botherme] 1933),

Each of the caloulated vabaes in table cutput is ploted on a simple fire characteristics chart. Each calculation
result produces a numbered point on the chars. A smople Bun produces a smgle poing labeled "1, A Bun with
one range vasiable of 3 values (e.g, wind speed of 0, 5, and 10 mih) plots three points labeled "1°,"2%, "3" IF
a second range variable exists (e.g, for fuel models 1 and 2), six peints are plotted. The labels follow the
same row- column order as the cutput table. IFthe fisel models are the table row vanables and the wind
speeds are the table cohmun variables, pomts "1%, "2%, and "3 are for the first row (fael model 1) cohanns 1-3
(0, 5, and 10 mith wind), and peints "4, "5", "6" are for the second row (fuel model 2) cohins 1-3.

Blodule If

| Loy Notes
Inpat EFlone
gt SURFACE “Table cutput sesst be requested,

=

e |

It is not necessary to select the four output variables that are plotted on the chart.

The following shows the Worksheet and resulting output table and Fire Characteristics Chart.

ﬂ BehavePlus 4.0.0

Mon, Jun 09, 2008 at 06:5%:05 Page 1

-

Inputs: SURFACE

~

Fuel Model
Fuel Moisture
Dead Fuel Moisture
Live Fuel Moisture
Weather

Terrain
Slope Steepness

Description a ||T:' ire Characteristics Chart Example
Fuel Vegetation, SwrtaceUnderstory

Midflame Wind Speed (upslope)

Bz 5 1w

% EJ5
@ B [1oo

mh B 7
> N

Faun Option Notes

Ilaximum reliable effective wind speed lmit 1s imposed [STURFACE]
Calculations are only for the direction of masimum spread [STTRFACE]

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

Wind is blowing upslope [STTREFACE]

n BehavePlus 4.0.0

Won, Tun 09, 2008 at 06:55:05 Page 2

/

Fuel
Model

Fire Characteristics Chart Example

EOS Heat per Fireline Flame
(max) Unit Area Intensity Length

chth Brufft2 Etu/fifs &t
67.6 491 608 8.6
39.5 659 477 7.7
14.1 1330 344 6.6
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P‘g BehavePlus 4.0.0 Mon, Jun 09, 2008 at 06:5%:05 Page 3

-

Fire Charactenstics Chart Example
Fire Charactenistics Chart

Surface Rate of Spread (maximum (chib)

0 T | T | T ‘ T | T | T | T ‘ T ‘ 1 | T
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Heat per Unit Area (Btw/ft2)

The points labeled I, 2, and 3 correspond to the three lines of the output table. Point | is for fuel model 2,
point 2 for fuel model 5, and point 3 for fuel model 10.

In the case of two variables with multiple entry values a two-way table is produced:

@Behave?lus 4.0.0 Mon, Jun 0%, 2008 at 07:16:14 Page 1
s ™,
Inputs: SURFACE

Descrption a IIFlre Characteristics Chart Ezample
Fuel'Vegetation, Smface/Understory

Fuel Model B
Fuel Moisture

Dead Fuel Moisture % a |3, 6, 9

Live Fuel Moisture % a | 100
Weather

Midflame Wind Speed fupslope) mih a |? .10
Terrain

Slope Steepness £ a |1D

Run Option Notes
Ilazarnum reliable effective wind speed limit 12 tnposed [SURFACE]
Caleulations are only for the direction of masitnum spread [SURFACE].

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

Wind is blowing upslope [SURFACE].

@ BehavePlus 4.0.0 Mfon, Jun 09, 2008 at 07:16:14 Page 2

' ™

Fire Characteristics Chart Example

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

Dead Fuel Midflame Wind Speed (upslope)

Meisture mith

% 7.0 10.0
3 44.7 72.4
6 36.1 58.5
9 13.5 21.8
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gBehavePlus 400 Mon, Jun 0%, 2008 at 07:16:14

Page 6

-

Fire Characteristics Chart Example
Fire Characteristics Chart

Surface Bate of Spread (maximum (ch/h)

0 T T T T T T
0 200 400 600 BOO 1000 1200 1400
Heat per Unit Area (Btw/ft2)

L I N
1600 1800 2000

BehavePlus v4.0 User’'s Guide

The numbers on the chart correspond to the table cells in left-to-right and top-to-bottom order. In this
example, Points | and 2 are for the first row of the result table (3% moisture) at the two wind speeds (7 and 10
mi/h). Points 3 and 4 are for the second row of the result table (6% moisture) at the two wind speeds. Points 5
and 6 are for the third row of the result table (9% moisture) at the two wind speeds.

9.3. Shape of a point source fire

B3 BehavePlus 4.0.0 SIZE Module Dptions

4Output WVanables |

I Area

[_[D0x]

Back | ) Frivd |mHomE |@Iﬂdex

¥ Penmeter E "

™ Length-to-Width Ratio

I~ Forward Spread Distance
™ Backing Spread Distance
I~ Fire Length

I~ Maximum Fire Width
¥ Fire Shape Diagram

Fire Shape

%2 Diagrams
-

Diagrams of the elliptical shape of a point source
surface fire with no suppression action are

produced for each result in the table output. Rate

of spread and elapsed time determine the forward -

I~ Picture ¥ Help

gBEhavePlus 400 Ion, Jun 09, 2008 at 075113

Page 1

/

Inputs: SIZE

\

Description a IlFlre Shape Diagrom Ezample

Weather
Effective Wind Speed mih Y [0 e
Fire
Sutface Rate of Spread (mazimum) chih a |1D
Elapsed Time - NI

Pam Option Notes
NMone

The elliptical shape of a point source fire can be plotted
on the Configure > Module selection > SIZE >
Options ... > Output Variables tab by selecting the
Fire Shape Diagram check box.

For example, the following shows the Worksheet, output table, and Fire Shape Diagram.

66 USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2008



BehavePlus v4.0 User’'s Guide

L =8 BehavePlus 4.0.0 Mon, Jun 0%, 2008 at 07:51:13 Page 2
Fire Shape Diagram Example
Area (ac)
Effective Elapsed Time
Wind h
mifh 1.0 2.0
0o 31.4 125.7
6.0 3.4 13.7
b =8 BehavePlus 4.0.0 Sun, Jun 08, 2008 at 21:29:56 Page 5
Fire Shape Diagram Example
Fire Shape
Effective Wind Zpeed : 0.0 mi'h Effective Wind Zpeed : 0.0 mi'h
Elapsed Time : 10 h Elapsed Time :20h
Up Wind Up Wind
Down Wind Down Wind
Area 3ldac Area 1257 ac
Perimeter 63ch Perimeter 126 ch
Length-to-Width Ratio 10 Length-to-Width Ratio 10
Effective Wind Speed : 6.0 mih Effective Wind Speed : 6.0 mih
Elapsed Time : 10 h Elapsed Time : 20 h
Up Wind Up Wind
Down Wind Down Wind
Area Fdac Area 137 ac
Perimeter 24ch Perimeter 42 ch
Length-to-Width Ratio 2.5 Length-to-Width Ratio 2.5

In addition to the shape diagrams, values for all of the selected output variables are given on each diagram.

A word of caution when using the SIZE module by itself as shown by the above example. The above diagram
could be wrongly interpreted to show that higher wind speeds result in a smaller fire. But remember the
surface rate of spread (10 ch/h) was the same for 0 and 6 m.p.h. winds, which is not realistic if all other fire

Diagram output

environment conditions were the same. In this example the wind speed only determines the shape of a fire for

a given forward spread
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When the SIZE Module is linked to the SURFACE Module, the wind vector is also shown on the diagram.

!.’% BehavePlus 4.0.0 Mon, Jun 09, 2008 at 12:07:57

Page 1

/’

Inputs: SURFACE, SIZE

\\

Description a |[F ire Shape Diagram Example
Fuel'Vegetation, SurfaceUnderstory

Fuel Model Bz
Fuel Moisture

Dead Fuel Moisture k! a |5

Live Fuel Moeisture Yo a I 100
Weather

Midfame Wind Speed mih B [7

Direction of Wind Vector (from upslope) deg a | 120
Terrain

Slope Steepness Yo a ISD
Fire

Elapsed Time h a |1

Run Option Notes
Mamimum reliable effective wind speed lmit is imposed [STURFACE]
Calculations are only for the direction of mamimum spread [STURFACE]

Fireline intensity, lame length, and spread distance are atways
for the direction of the spread calculations [SURFACE]

Wind and spread directions are degrees clockwisze from upslope [SURFACE].
Direction of the wind vector is the direction the wind is pushing the fire [SURFACE].

% BehavePlus 4.0.0 Mlon, Jun 09, 2008 at 12:07:57

Page 3

/

Fire Shape Diagram Example

Sutface Rate of Spread (masimum) 61.0 chh
Direction of Mazimum Spread (fom upslope) 107 deg
Area 118.6 ac
Penmeter 144 ch
Length-to-Width Ratio 2.7

P‘z BehavePlus 4.0.0 Mon, Jun 09, 2008 at 12:07:57

Page 4

-

Fire Shape Diagram Example
Fire Shape

Up Slope

Downdlope

Direction szmd Vector (from upslope)
Area 1186 ac

Perimeter 144 ch
Lengthto- WidthRatio 2.7
ElapsedTime 10h
Ditectionof MazimumSpread(fromupslopy 107 deg
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9.4. Containment shape

Diagram output

The Containment Diagram shows fire perimeter at time of report, at initial attack, and constructed fireline at
the time the fire was successfully contained or when it escaped initial attack (all resources exhausted before

containment).

B BehavePlus 4.0.0 CONTAIN Module Dptions

Input Options | [Cutput Vasiables|

[ Fire Area at Irobal Attack

™ Pernetes at Trahal Altack

¢ Comtan Status

¥ Taane from Repert

¢ Contamed Area

¥ Firebne Constructed

™ Humber of Resources Used
I Cost of Resources Used
 Containment Diagram

¥ Ficture I~ Help

e |

The Containment Diagram is displayed by
selecting the Containment Diagram check
box from the Configure > Module
selection > CONTAIN > Options ... >
Output Variables tab. Also select the
Contain Status check box to output
whether the fire was Contained or Escaped
on the Containment Diagram.

?gBehavePlus 400 Mon, Jun 0%, 2008 at 12:25:25 Page 1
. ™
Inputs: CONTAIN
Description a |pontalnment Diagram Exzample
Fire
Surface Rate of Spread (masmimum) chrh a |1D
Fire Size at Report ac a |Q .5
Length-to-Width Ratio Bz
Suppresgion
Suppression Tactic a IHead , Rear
Line Clonstruction Offset ch a |Q
Resource Line Production Rate chih a |3D
Resource Armwal Time h a |Q .5
EResource Duration h a |E,
Pam Option Notes
Suppression input 15 for a single resource [CONTATHT,
tnultiple values can be entered for any mput vanable.
Output Variables
Contait Status [CONTATIN]
Titne from Report (h) [CONTAIN]
Contaited Area (ac) [COMNTATN]
Fireline Constructed (ch) [CONTAIN]
Contaitiment Diagram [COMNTATN]

ﬂ BehavePlus 4.0.0 Mon, Jun 09, 2008 at 12:25:25 Page 2
- >
Contaimment Diagram Example

Suppression Contain ~ Time from Contain Fireline
Tactic Status Report Area Constructed
b ac ch
Head Contained 1.4 5.2 26.6
Rear Contained 2.8 21.0 67.7
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l.-najBehavePlus 4.0.0 Sun, Jun 15, 2008 at 08:40:11 Page 3

. Contauument Diagram Example

Contanument Diagram
SuppressioT actic: Head

Fire Perim At Report

Fire Perim &t Attack —
5 FirelineConstructe =
4—]

., ch
|
(‘)

3—]
4
-5
-5 ] 1 15 20 5 30 35
ch
SufacRate of Spreadimaddmuny 100 chh ContainStatus Containe:

Time fromBeport 14h
Containedires 52 ac
FirelineConstructed 266 ch

Fire Jize at Report 0.5 ac
Lengthto-WidthRatio 2.0
SuppressioT actic Head
LineConstructiofiffset 0 ch

Suppressio actic: Rear

Fire Perit At Report
Fire Perim &t Attack —
5 FirelineConstructe ==
4—]
3
73—
1—]
€0 {
1| !
22—
23—
_4—]
-5
-5 ] 5 10 15 20 25 30 35
ch
ButfaceRate of Spread/mairuny 100 chdh ContainStatus Containe

Time fromBeport 28h
Contanedireas 210 ac
FitelineConstructed 677 ch

Fire Size atReport 0.5 ac
Lengthto- WidthRatio 2.0
SuppressioTactic Rear
LineConstructiosDifset 0 ch
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10. View, print, & capture results

10.1. View size

The View > xx% command changes the size of your

[ File Calculate [ View Corfigwrs Pages ‘Windows Tooks Help Worksheet and Run when viewed on screen. It does

[osa. s» 40 @ not affect the size of printed output.

£7%

f'g T oo
T 8%

L\CE

B |

Fue 133y L, Swface/Understory
1

150%
Fue o
16?:0 re % al_
2009 e %% al—
10.2. Pages

While each Run has its own window, the window has one or more Pages. The first page(s) contain the
Worksheet, and subsequent pages contain results tables, graphs, and diagrams.

You can navigate between pages using the following toolbar buttons:
2| Go to the first page

¥ Go to the last page

1 Go to the previous page

| Go to the next page

The keyboard navigation arrows will also move you from one page to the next. The Pages > command allows
you to jump directly to a specific page. Selection can be made from the list of pages with text descriptions and
an icon indicating whether it is a table, graph, diagram, etc.

zBehavePlus 3.0.0 - [unnamed01.bpr] M= E3
[ File Wiew Configure | Pages Windows Tools Help =18 %

JJD = H & FE 1InputPage 1

2 Input Page 2
,_,g[."Beﬁ

|

3 Zuppression Tactic (Page 1 of 1)

- 5 Fire Shape (Page 1 of 1)
#- 6 Contain (Page 1 of 1)
7T Bate of Spread {masarmum) by Suppression Tactic

ds 4 Fire Characteristics Chart
M e
1l 5 Flame Length by Suppression Tactic

Suppre
Tactic 1l 3 Direction of Masimum Spread (frem upslope) by Suppression Tactic

Ll 10 Area by Suppression Tactic
Head 1l 11 Perimeter by Suppression Tactic
Rear 11 12 Contained Area by Suppression Tactic
1l 13 Fireline Constructed by Suppression Tactic
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10.3. Windows

™ ramed0Lh M=
[} File Calculate “iew Configure Pages Windows Tools Help ;Iﬂlil
e =@ 2T00 @

BehavePlus v4.0 User’'s Guide

When a Worksheet is first opened, the Run it represents
is assigned a default name such as "unnamedO|.bpr",
"unnamed02.bpr", etc. This name is displayed on the title
bar at the top of the BehavePlus application window.

When you save a Run with the File > saveAs > Run command you should rename the Run. The name of the
Run is then displayed in the title bar of the BehavePlus window. The complete path name for the Run is shown
at the bottom of the BehavePlus application window.

ZBehavePlus 4.0.0 - [unnamed02.bpr] H=]E3

[ File Calculate Yiew Configue Pages | ‘windows Toolz Help 1= =
2 3 { Cagcade

Tile -

ﬂ BehavePlus 4.0.0
¥

‘ Inputs: SURFACE

unnamedl 1 bpr

VAT

BehavePlus allows you to have any number of Runs open
at once. Each Run has its own display window containing a
Worksheet and possibly containing calculation results.
Only one Run window is active at a time. The Windows
menu item allows you to switch between Runs. It also
allows you to cascade or tile the Runs within the
BehavePlus window area with the Windows > Cascade
or Windows > Tile commands. By default the Run
windows are stacked on top of each other, so you only see

the active Run. If your Run windows are already cascaded or tiled, you can make a Run active by clicking it.

The following is a "tiled" display of the two Runs, one English, one metric. The English Run (unnamedO1.bpr) is
the active Run.

M BehiavePlus 4.0.0
Ele Cokodsle Mew Conlgae Pages Wrdows Todks Hel

Eam Option Notes
DMMasarnuen rebable eBectmee wind speed bt 12 mposed [SUBFACE).
Caleulanons are anly for the drecnon of masimum spread [SUEFACE]

Frrelme mtenaity, Hame length, and spread dutance are alwaysz
Eor the direction of the spread calculations [SURFACE]

Wand is blewing upslope [SURFACE]

ERHh:wn’Pqu 400 E'Rnh:wn?lm: 400
Inpuls; SURFACE Inputs; SURFACE
Diescription n | Diescription n |
FuelVegetation, Swface Understory FuelVegetaion, Swface Understory
Fuel Model I Fuel Model s
Fuel Moishwe Fuel Moishwe
1k Mossture % T 1-k Mossture w @
10-h Mosture % T 10-h Mosture w @
100-h Mosshare % T 100-h Mosshare w @
Lave Herbaceous dMossnre Y H I Lave Herbaceous dMossnare Y ﬂ ]
Love Woody Masmre L ﬂ I Love Woody Masmre L ﬂ [
Weather Weather
Madflame Wind Speed (upslope) muh E [ Midflame Wind Speed (upslope) lemh ﬂ -
Terrain Terrain
Slepe Steepness L E I Slepe Steepness L ﬂ -

Eam Option Notes
DMMasarnuen rebable eBectmee wind speed bt 12 mposed [SUBFACE).
Caleulanons are anly for the drecnon of masmum spread [SUEFACE]

Frrelme mtenaity, Hame length, and spread dutance are alwaysz
For the direction of the spread calculations [SURFACE]

Wand is blewing upslope [SURFACE]

Output Vanables
Surface Kate of Spread (masmom) (chh) [SUBFACE]
Flame Length () [SURFACE]

Notes

Output Vanables _
Surface Hate of Spread (mesaimom) (miran) [SUEFACE]
Flame Length (m) [SUBFACE]

Notes

vkder’s [Page1al 1]

72

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2008



BehavePlus v4.0 User’s Guide View, print, & capture results

10.4. Print

You can print all pages or selected pages with the File > Print command. Alternatively, select Print from the
shortcut menu when you right click inside a page.

Whenever an output page is printed, it is good practice to print the associated input Worksheet pages to avoid
confusion on conditions for the Run. Printed pages are numbered and the date and time of the Run are included
on the page header.

10.5. Saving Output

You can save BehavePlus results in several ways. Each page can be saved as an image of the screen display using
BehavePlus features. Another way is to use the Alt-Print Screen key stroke combination available on all personal
computers. In addition, table output with associated input values can be exported to an HTML file, which can
be viewed with a web browser or spreadsheet application.

10.5.1. Saving a screen image

The currently displayed page can be captured and saved as a file in bmp, jpg, or png format with the File >
Save as an image command. In the "Save As" dialog box enter a file name in the Capture File text box and
select a file type from the Capture Type drop-down list. The file extension will be automatically added to the
file name

In addition to the File > Save as an image command, you can use the ALT-Print Screen keystroke
combination or a screen capture utility (e.g. FullShot) to insert results from BehavePlus into other documents.
This is a quick and efficient method. There is no need to save the image in a file of its own. The following steps
are an example and do not constitute endorsement of specific software.

* Startup BehavePlus and Microsoft Word software

* Make BehavePlus the active window

* Use the Alt-Print Screen keystroke combination to copy the image of the BehavePlus window

* Make Microsoft Word the active window

* Paste the BehavePlus image into the Word document

* Select the BehavePlus image you just pasted into the WORD document

* Now you can use the Word picture tools to manipulate the BehavePlus image, you may need to display
Word’s Picture Toolbar by selecting the View > Toolbars > Picture.

10.5.2. Saving an HTML File

Once you have calculated a Run you can save the Run as an HTML file. In addition to the table outputs the
HTML file also contains the Input Variables and Run Option Notes sections of the Worksheet. Select the
File > Export results command to open a standard Windows “Save As” dialog box. You can save this file
anywhere, it does not have to be in a BehavePlus Workspace. The HTML file extension will be automatically
added to your file name.
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Simply double-clicking your saved file will display your Run in your Web browser.

) Comparison of Meadow WFU Fuel Models - Mozilla Firefox
Fle Edit Yiew Go Bookmarks Tooks Help (%]
Q@ - I_: - l@ @ [ e 11c:ipacuments:20ands205ettingsirselfDesktopfBPlLsExport bl = [ich
|| Mozl Firebird Help | | User Support Forum | | Plug-in FAQ | | Google Search: myt...
Resulis for: Surface Rate of Spread (maximum) (ch/h) -
Fuel Midflame Wind Speed (upslope)
IModel mifh
0.0 30 6.0 9.0
5 0.4 39 9.8 17.0 J
8 0.3 13 31 5.4
9 10 50 14.1 273
10 0.7 37 39 154
tul 0.0 03 0.8 0.8
1 0.1 08 1.2 1.2
Fnze 0.1 04 0.8 0.8
|
= p

You can also open the HTML file with a spreadsheet application. The column widths may need to be changed to
make the values readable. A useful technique is to copy the output table to another worksheet so the results
can be reformatted or graphed as desired.
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11. Error checking

When you do something in error, the program will tell you what the
problem is and give you a chance to fix it.

i;BehavePlus 4.0.0 Error

Invalid Input

"Slope Steepness” mput value "F00" i outside the valid range 0
- 604 %

If you do something that causes the program to crash or freeze, it is a program bug. First check the Known
Bugs page at www.firemodels.org. If you find the issue has not already been reported, please report it to the
Help desk at (800) 253-5559 or (208) 387-5290, fire_help@fs.fed.us.
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This page blank on purpose.
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12. Fuel models

A fuel model is a set of values that describe a fuel type for the surface fire
spread model. There are 53 standard fire behavior fuel models. The original
standard fuel models are numbered | through |3. An expanded set of 40 fuel models is also available.

Additionally Custom Fuel Models, can be developed, tested, saved, used in BehavePlus, and exported for use in
other applications.

12.1. 53 Standard fire behavior fuel models

The original 13 standard fuel models are always available by using the Fuel Model Input Guide [g4 Button or
entering the fuel model code directly into the text box from the keyboard. A complete description of the |3
standard fuel models is found in the publication Aids to Determining Fuel Models For Estimating Fire Behavior.
Gen. Tech. Rep. INT-122. Anderson, 1982. These fuel models are found at the top of the list in the Fuel Model
“Input Guide” dialog box.

P[] E3

| » Frovd | Y3 Home | &> Tndex |

Fuel Model

A fuel model is a set of numerical values that describe the fuel inputs for Rothermel's mathematical
mode] that predicts surface fire spread.

There are 53 standard fire behavior fuel models including the original 13 described by Anderson
(1982), plus the forty defined by Scott and Burgan (2004). Custom fuel models can be developed
and saved for later use. Standard and custom fiel models can be used with one of the three opticns
for caleulating a weighted rate of spread through two fuel models. And there are special case fuel
models that require different input: palmetto-gallberry (Hough and Albini 1978) and western aspen
(Brown and Simmerman 1986)

Lo Module If Notes
Input SURFACE I Fual is snterad as fuel

mndele ar fwn fual modale ic

I Fualis enterad as fuel
st e elertod ¢ he ﬁl
3

4]

B BehavePlus 4.0.0 Input Guide
Sort | Vahe [Description =
001 1 Short grass (3)
ooz 2 Timber grass and understory (3)
003 3 Tall grass (3)
004 4 Chaparral (5)
005 5 Brush (5)
006 & Dormant brush, hardwood slash (3)
o077 Southern rough (3)
008 2 Short needle litter (3)
00s 9 Long needle or hardwood litter (3)
010 10 Timber litter and understory (3)
011 11 Light logging slash (3)
01z 1z Medivm logging slash (3)
013 13 Heavy logging slash (3) =
< I _’l_l
™ Picture ¥ Help

Clear Cancel

The expanded set of 40 fuel models is also always available in BehavePlus. These fuel models are also selected
from the Fuel Model Input Guide or entered directly in the Fuel Model text box on the Worksheet. They

are listed after the original 13 in the “Input Guide” dialog box, but they use an alpha-numeric code rather than
a number for the value on the Worksheet.

P[] E3

Back | » Frovd | Y3 Home | &> Tndex |

There are 53 standard fire behavior fuel models including the original 13 described by Andersen
(1982}, plus the forty defined by Scott and Burgan (2004). Custom fuel models can be developed
and saved for later use. Standard and custom firel models can be used with one of the three options
for calculating a weighted rate of spread threugh twe fuel models. And there are special case fuel
models that require different input: palmetto-gallberry (Hough and Albini 1578) and western aspen
(Brown and Simmermean 1986)

Lo Module If Notes

Input SURFACE If Fuel is entered as fuel
modals of twe fuel models is

selected as an input option.

If Fuel is entered as fuel
parameters is selected as the
input option, the assigned
parameters can be saved as a
custom fuel model

Output | None

Publications describing the standard fuel models with photographs are available on the BehavePlus
publications page of www firemodels.org. -
[ ¥

B BehavePlus 4.0.0 Input Guide
Sort [Vahe [Description =l
141 shl Low load, dry climate shrub (D) (141)
142 sh2 Moderate load, dry clhmate shrub (3) (142)
143 sh3 Moderate load, humid climate shrub (5) (143)
144 shd Low load, humid climate timber-shrub (3) (144)
145 shS  Highload, dry climate shrub (5) (145)
146 shé Low load, humid climate shrub (3) (146)
147 sh7 Very high load, dry climate shrub (3) (147}
148 sh8  Highload, humd chmate shrub (S) (148}
148 sh% Very high load, humid climate shrb (D) (149)
161 tul Light load, dry climate timber-grass-shrub (D) (161)
162 w2 Moderate load, humid climate timber-shrub (5) (162)
163 w3 Moderate load, humid climate timber-grass-shrub (D) (163
164 w4 Dwarf conifer understory () (164} =
< I _’l_l
™ Picture ¥ Help

4
Clear Cancel
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Notice that the expanded models are identified as dynamic or static with a (D) or (S) in the description. See
Section 12.4 below for more on dynamic fuel models. Example Runs (e.g. FuelCompare.bpr) can be found in the
ExampleRuns folder to explore the expanded fuel model set and see the effect of dynamic fuel models. A full
description of the 40 fuel models is found in Scott and Burgan (2005).

12.2. Palmetto-Gallberry special case fuel model

~Fuel is entered as
¢ Fuel models (standard or custom).
¢ Fuel parameters (for custom fiel modeling).

Two fiuel models,
2-dimensional expected spread (recommended).

Two fiuel models,
harmenic mean.

Zpecial casze fuel model,
palmetto-gallberry (Hough and Albin 1975).

- Epecia -
western aspen (Brown and Sunmerman 19367,

The Palmetto-Gallberry fuel model is not selected from the “Input
Guide” dialog box like the standard fuel models, but is selected with
the Special case fuel model, palmetto-gallberry radio
button on the Configure > Module selection > SURFACE >
Options... > Fuel & Moisture tab.

The palmetto-gallberry fuel model estimates fuel parameters from vegetation characteristics (Hough and Albini

1978). Selecting the Special case fuel

model, palmetto-gallberry radio button adds different input

variables to the “Fuel/Vegetation, Surface/Understory” section of the Worksheet.

Pg BehavePlus 4.0.0

Page 1

(f

Tnputz: SURFACE

~

Description a ||

Fuel Vegetation, SwrfaceUnderstory

P-G Age of Rough years a I
P-G Height of Understory &t a I
P-G Palmetto Coverage % a I
P-G Cwerstory Basal Area ft2fac a I

Fuel Moishure

[~ P-G Dead Medum Fuel Load
[~ P-G Dead Foliage Fuel Load
[~ P-G Live Fine Fuel Load

[~ P-G Live Medium Fuel Load
[~ P-G Live Foliage Fuel Load
[~ P-G Litter Fuel Load

[~ Fuel Bed Depth

78

Fuel parameters are calculated and available for display as output variables
Only for P-G special case fiel modsls: by selecting them on the Configure > Module selection >
I~ P-G Dead Fine Fuel Load SURFACE > Options... > P-G Outputs tab.
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12.3. Western Aspen special case fuel model

Like the palmetto-gallberry fuel model, the western aspen fuel
model is selected with the Special case fuel model, western
aspen radio button on the Configure > Module selection >
¢ Fuel parameters (for custom fiel modeling). SURFACE > Options... > Fuel & Moisture tab.

Two fiuel models,

2-dimensional expected spread (recommended).

~Fuelis entered as

¢ Fuel models (standard or custom).

- Two fiuel models,
harmenic mean.

Two fiuel models,
area weighted (like old BEHAVE)

- Zpecial caze fuel model,
palmetto-gallk

biri 1978).

‘ p Zpecial caze fuel model,
\%temaspen (Brown and Simmerman 1986,

Selecting the special case western aspen fuel model adds additional items to the to the “Fuel/Vegetation,
Surface/Understory” section of the Worksheet.

mBEhavePlus 4.0.0 Page 1

f
Inputs: SURFACE
Description a |
Fuel'Vegetation, Surface/Understory
Aspen Fuel Model a |

Aspen Curing Level % a |
Fuel Moisture

The western aspen fuel model estimates fuel parameters from vegetation characteristics (Brown and
Simmerman 1986).

Calculated for Aspen special case fiuel models:
[~ 1-h Fuel Load

[~ Live Herbaceous Load

[~ Live Woody Fuel Load

M 1-h3AW

[~ Live Woody SAM

[~ Probability of Aspen Mortality

In addition tree morality is calculated in this model. It is not in the MORTALITY module, because a different
mathematical model is used for this tree species.

12.4. Dynamic fuel models

Dynamic load transfer of herbaceous fuel is available in BehavePlus. If the Fuel Model Type is identified as
dynamic, then fuel load is transferred from herbaceous live to dead herbaceous fuel as a function of the Live
Herbaceous Moisture value entered on the Worksheet. Dynamic fuel models must have a live herbaceous
fuel load while static fuel models may or may not have a live herbaceous fuel load.
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The original 13 standard fuel models are all static. Seventeen of the expanded 40 standard fuel models are
dynamic. The dynamic fuel models are identified by a (D) at the end of their description and a Fuel Model Type

parameter of D.

%BahavePlus 400

Page 1

-

Inputs: SURFACE

~

Description a IDynamlc Fuel Model Exzample

Fuel'Vegetation. Swiface/Understory

BTV o s AT M T |

Fuel Model Type

1-h Fuel Load

10-h Fuel Load

100-h Fuel Load

Live Herbaceous Fuel Load

Live Woody Fuel Load

1-h SANT

Live Herbaceous 54V

Live Woody SAMW

Fuel Bed Depth

Dead Fuel Moisture of Extinction

Dead Fuel Heat Content

Live Fuel Heat Content
Fuel Moisture

1-h Meisture

10-h Moisture

100-h Meisture

Live Herbaceous MMeisture

Live Woody Moisture

Primarily for dynamic standard and custom fiuel models:
[~ Fuel Load Transfer Portion

[~ Dead Herbaceous Fuel Load

[~ Live Herb Fuel Load Remainder

[~ Total Dead Fuel Load

[~ Total Live Fuel Load

[~ Dead Fuel Load Portion

Drynamic cuning load transfer is

calculated from live herbaceous
fiael modsture.

& input directly.

Additional output variables are available to help uses understand
dynamic fuel models. The following variables can be selected from
the Configure > Module selection > SURFACE >
Options... > Fuel Outputs tab. A full explanation of dynamic
fuel models is found in Scott and Burgan (2005).

BehavePlus offers the option of user specification of curing level
(fuel load transfer portion) rather than using the value calculated
from live herbaceous fuel moisture. This output option is selected
with the input directly radio button on the Configure >
Module selection > SURFACE > Options... > Fuel
&Moisture tab.

An additional input field is added to the “Fuel/Vegetation, Surface/Understory” section of the Worksheet.

g BehavePlus 4.0.0

Page 1

IF

Inputs: SURFACE

Description a ||

Fuel Vegetation, SwrfaceUnderstory

Fuel Model

=

Fuel Load Transfer Portien
Fuel Moisture

% HJ

12.5. Custom fuel models

In addition to the standard fuel models you can create, save, and reuse custom fuel models in BehavePlus. These
custom fuel models can be exported in a file format used by FARSITE, NEXUS, and FlamMap.

80
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12.5.1. Defining and saving custom fuel models

The first step in creating a custom fuel model is to change the Worksheet so that individual fuel parameters are

entered in place of the fuel model code. Use the Configure > Module selection > SURFACE >

Options... > Fuel and moisture tab and select the fuel parameters. radio button.

~Fuel iz entered as
 fiel models.

1: & fiel parameters. >

 dynamic palmetto-gallberry.

two fiuel models,
2-dimensional expected spread.

two fiuel models,
harmenic mean.

two fiuel models,
area weighted (like old BEHAVE)

Fuel models

Or you can load the Example Worksheet FuelModeling.bpw, which as been set up to use fuel parameters, using

the File > Open worksheet command or O toolbar button.

M BehavePlus 4.0.0 Select A Warksheet

- &3 Surface Crown bpw
- 3 SurfaceSimple. bpw
(3 My Worksheets

Worlsheet |Fi1es |Desmption |Last Modified |
Er §) Example Worksheets 5 Exzamples that can't be changed in this folder Tue Apr 1 10:58:43 2008
- &3 0Startup bpw Blank worksheet, default mitialization, English Wed Mar 5 17:29:02 2008
- &3 BasicStart bpw Surface fire spread upslope with wind Wed Mar 5 17:15:42 2008

Max surface spread, upslepe wind, mput WAF Wed Mar 5 17:15:44 2008

Surface fire spread, simple case, upslope spread with wind Wed Mar 5 17:15:44 2008
1 Default user worksheet folder Mon Apr 28 07:58:02 2008

¥ Picture

Cancel

1=l B3

Fuel model parameters can be typed directly into the parameter text boxes. Or they can be initiated with an
existing fuel model by clicking the Initialize from a Fuel Model button on the Worksheet.

ﬂBehavePlus 4.0.0

Page 1

-

Inputs: SURFACE

~

Fuel'Vegetation, Smface/Understory
Fuel Model Type
1-h Fuel Load
10-h Fuel Load
100-h Fuel Load
Liwe Herbaceous Fuel Load
Live Woody Fuel Load
1-h SASV
Live Herbaceous SAMN
Live Woody SAMN
Fuel Bed Depth
Dead Fuel Motsture of Extinction
Dead Fuel Heat Content
Liwe Fuel Heat Content
Fuel Moisture

Description a IInltlallzed with Fuel Model 2

tonfac
tonfac
tonfac
tonfac
tonfac
T3
T3
T3

Etulb
Etulb

Troalize from 2 Euel Madel i

The process of developing a custom fuel model is more complex that just filling in these blanks. It involves a

process of evaluation and revision which is not covered in this User’s Guide.
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Once the fuel model parameters are defined, a custom fuel model can be saved for later use with the File >

saveAs > Fuel model > BehavePlus format command. In the "Save As" dialog box enter a file name in
the Fuel Model File text box and a short description in the Fuel Model Description text box. If more

than one value is assigned to a fuel model parameter for testing purposes, the first value in the list is the one
that is saved.

Fuel models should be grouped in folders named by some logical association of meaning to the user. See Section
17.4, Save As..., for more information.

12.5.2. Using previously saved custom fuel models

In order to use previously saved custom fuel models, the folder in which they are stored must be attached using
the Configure > Fuel model set selection command.

B R EE R D R Bld|  Click on a folder's HH button to view its fuel

model files. Each fuel model is stored in a
separate file.

Fuel Model | Files | Description
MyFueldodels 0 Default user fiel models folder

E- 8 SoCalifornia 5 www.tl psw £z fed us/prefirefindes html . .
L GSCALIAbE  Mansania Fuel model files are available by attaching the

& SCALIS bpf Chaise 1 folder in which they reside. This makes the
ECALIGEE  Noth Slope Ceancttus fuel models in that folder accessible for use. It
[GSCALITEGE - Chamie 2 is not possible to select and attach individual
L SCALIE bpf Sage f Buckwheat X

fuel models; the entire folder must be
attached. For example, all the southern
California fuel models are attached by

o ol selecting the SoCalifornia folder in the

“Fuel Model” dialog box and clicking the Ok
button. Once a fuel model folder is attached,
the fuel models appear in the Fuel Model input guide and may be entered as the Fuel Model input variable.

¥ Picture I~ Help

B BehavePlus 4.0.0 Input Guide x| After the SoCalifornia fuel model folder is attached, the
Fuel Model input Guide [ Button gives the following
Sert |Value |Dsscnpmon ILI |.d | . f h = I M d I b
T @l Lowbad s B 300 valid selections for the Fuel Model text box.
202 b2 Ddods load low load blowd ) (202 . . .
: st foad actty o lowlead blowdaws (3) (202) To view the parameters of a particular fuel model, right-
203 sb3 High load activity fuel or moderate load blowdewn (3) (203) . ) .
204 4 Highload blowdown () (204) click on its name and select the View parameters
SCAL14 SCAL14 Manzania command from the shortcut menu.

SCAL1S SCAL1S Chamise 1

SCAL1E SCAL16 North Slope Ceanothus

SCALTT SCAL17 Chamise 2

SCAL18 SCAL1S Sage/ Buckwheat J

™ Picture I~ Help

o | Clear | Cancel
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Fuel Model SCAL14
Fuel Model Mame SCALN4
Description Manzanita
1-h Fuel Load 3 tonsfac
10-h Fuel Load 4.5 tonsfac
100-h Fuel Load 1.05 tonsfac
Liwe Hetbaceous Fuel Load 1.45 tonsfac
Live Woody Fuel Load 5 tonsfac
1-h Surface Area’Vol Ratio 350 f2/73
Liwe Hetbaceous Surface Area/Vol Ratio 1500 fr2/3
Live Woody Suface Area/Vol Ratio 250 fr2/ft3
Fuel Bed Depth 3 feet
Dead Fuel Moisture of Extinction 15 percent
Dead Fuel Heat Content 9211 Btwlb
Live Fuel Heat Content 9211 Buflb

When viewed in the “Fuel Model” dialog box (opened with the Configure > Fuel model set selection
command), folders and files with a paper clip icon are currently attached to (i.e., accessible for use by)
BehavePlus in the current session. Once the Ok button is pressed, only the currently selected folders will have
their files attached. Unselected folders will NOT have their files attached, even if they are currently marked as
attached by the paper clip icons.

B BehavePlus 4.0.0 Fuel Model M=

Fuel Model | Files | Description
- MyFuelModels 0 Default user fuel models folder

& SCAL14 bpf Manzanita
- Ry 5CaL15 bt Chamise 1
u % SCALI6 bpf Meorth Slepe Ceanothus
.' _(;’.E'fﬁm-:: & SCALIT bpf Charise 2
% SCATIR bpf Sage / Buckwheat
¥ Picture I~ Help

Ok Cancel

Custom fuel models are selected just like the standard models. They can be selected with the Fuel Model input
guide or entering the fuel model code directly into the text box from the keyboard.

EBEhavePlus 400 Sun, Jun 15, 2008 at 07-57.01 Page 1
7 ™

Inputs: SURFACE

Description a IIFreVJ.ously Saved Custom Fuel Models
Fuel'Vegetation, Suiface/Understory

Fuel Model B3| [5caL14, SCALIS, SCAL16, ECALL7,
Fuel Moisture

Dead Fuel Moisture 9 a |5

Live Fuel Moisture 9 a |7D
Weather

Iidflame Wind Speed (upslope) mith a |0 15
Terrain

Slope Steepness % a o
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g BehavePlus 4.0.0 Sun, Jun 15, 2008 at 07:57:01 Page 4
. Previously Saved Custom Fuel Models M
120
Fuel Iodel
§ 100— .
'E:‘\ —
=
g 20—
: | L1AT
=1
g 60—
o
W —
b
2 40—
I~
o a
o
T 20—
W
. T
o — 1 T 1 T T T T T T T T T T 1
0 2 4 3 g 10 12 14 16
Midflame Wind Speed (upslope) (mifh)

12.5.3. Exporting custom fuel models

Custom fuel models you create and save in BehavePlus can be exported in the Custom Fuel Model (.fmd) file
format used by FARSITE, NEXUS, and FlamMap. To avoid confusion, remember the distinction between saving
and exporting custom fuel models; saving a fuel model lets you reuse it only in another BehavePlus session,
while exported fuel models can only be used in an application that uses the Custom Fuel Model (.fmd) file
format. Files with a .fmd extension cannot be used in BehavePlus and .bpf files cannot be used in FARSITE,
NEXUS, or FlamMap.

Before you can export a BehavePlus custom fuel model it must be saved and attached. See Sections 12.5.2 and
12.5.1 above for information on saving and attaching custom fuel models.

I BehovePlus 4.0.0 Fuel Madel Export Selection o To export a custom fuel model use the File > saveAs >
Fuel model > FARSITE format command. In the “Fuel
Model Export Selection” dialog box the attached custom
fuel models are found at the end of the standard fuel

Sort | Code |Desmption | =]
189  t9 Very high load broadleaf litter (S) (18%)
201 sbl Low load activity fuel (S) (201)

202 b2 Moderate load activity o low load blowdoswn (3) (202) models list.

203 sk3 High load actinty fuel or moderate load blowdown (3) (203)

204 sbd  Highload blowdown (S) (204) For custom fuel models both the Sort and Code columns

C Inibalized veith Fus 2 :| in the list display the file name truncated to five characters.
- You select one or more fuel models to export and then

[r— e click the Ok button. Type the filename in the “Save As”

dialog box and BehavePlus will automatically attach a .fmd

Ole Cancel extension.

The exported .fmd file will look similar to this when viewed in a text editor.

&, Export.fmd - Notepad H=
Elle Edit Format Help
ERNGLISH =]

14 Custl 0.50 0.50 1.00 2.60 1.30 dynamic 2000 1800 1800 1.50 15 8000.0 B000.0 Brush and 100 hr. fuels
L5 FM29 0,20 0,90 1.50 0.00 0.90 static 2000 1800 1600 O0.60 20 B000.0 B8000.0 TUL without the Tive herbacous

E

The first field for each fuel model is the fuel model number. Exported fuel models begin with number 14 and
continue to 90 if you elect to export that many fuel models. If these fuel model numbers do not match the
landscape file in FARSITE or FlamMap you should change these to match by editing the exported .fmd file. You
may also want to edit the second field, the fuel model code. The default that is exported is the first five
characters of the BehavePlus .bpf filename.
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13. Moisture scenarios

A moisture scenario is a set of fuel moistures for |-h, 10-h, and 100-h dead
fuel and herbaceous and woody live fuel. It is analogous to the fuel model
concept in that a single code represents a set of live and dead fuel moisture values. Fuel moisture scenarios may
be developed, for example, to represent local 90-, 95-, and 97-percentile weather situations. The set of
moisture scenarios used in the old BEHAVE TSTMDL fuel modeling program and the set used to test the 40
standard fuel models are provided with the BehavePlus program.

Fuel model scenarios are for developing and comparing fuel models. They are not designed for fire behavior
prediction, in which case actual fuel moisture values should be assigned directly.

13.1. Using previously saved moisture scenarios

In order to use previously saved moisture scenarios, the folder in which they are stored must be attached. A
folder of moisture scenarios is attached using the Configure > moisture scenario set selection
command to open the "Moisture Scenarios" dialog box.

Click on a folder's i to view its moisture scenario files. Each moisture scenario is stored in a separate file. The
details of a moisture scenario can be viewed or printed by right-clicking and selecting the appropriate command
from the shortcut menu.

B BehavePlus 4.0.0 Moisture Scenario M= E3
Back Erwed H. Ind
Motsture Scenario |F|1&s |Descnpl:lon = $Bar | il | WIERTE | [SAhel
=% FuelModeling 16 Used to develop new fuel models (Scott and Burgan ad i Attach Fuel =
& d11 bpm DIL1 - Very low dead, fully cured herb (3,4,5,30,6( Y B Model or
& dll2 bpm DIL2 - Very low dead, 203 cured herb (3,4,5,60,90 R g Moisture
€3 d113 bpm DI1L3 - Very low dead, 1/3 cured herb (3,4,5,90,12 — Scenario Files
&3 d1l4 bpm D114 - Very low dead, fully green herb (34,5,120,°
€3 d211 bpm D2L1 - Low dead, fully cured herb (6,7,8,30,60)
&5 4212 bpm D2L2 - Low dead, 2/3 cured herb (6,7,8,60,90) Folders (and flles) with a paper clip icon are —
& 213 bom DOL3 - Low dead, 13 cured herb (6,7.8,0,120) surrently attached to (e g, accessible for use by)
the BehavePlus application. Individual files are
€% d2l4 bpm D214 - Low dead, fully green herb (6,7,8,120,150) aftachsd by attaching the Folder in which they
#2431 bpm D3L1 - Moderate dead, fully cured herb (9,10,11,31 reside. It is not possible to select and attach
€3 d312 bpm D3L2 - Moderate dead, 2/3 cured herb (5,10,11,60 _ ndvidual files, the entire folder must be attached
| | _’l_l Once a folder is attached, the fuel models or
moisture scenarios appear in the appropriate mput
guide and may be used in theBehavePlus
I~ Picture v Help application -

QOle Cancel

Moisture scenario files are attached by selecting the folder in which they reside and clicking the Ok button in
the “Moisture Scenario” dialog box. This makes all the moisture scenarios in that folder accessible for use. It is
not possible to select and attach individual moisture scenarios; the entire folder must be attached. For example,
one set of the moisture scenarios that come with the BehavePlus program are attached by selecting the
FuelModeling folder. Once a moisture scenario folder is attached, its moisture scenarios appear in the
Moisture Scenario input guide.

Worksheet options also need to be set to use moisture scenarios. Set up the Worksheet to enter fuel
moistures with moisture scenarios using the Configure > Module selection > SURFACE > Options... >
Fuel & Moisture tab and select the Moisture is entered by moisture scenario. radio button.

Mloizture 12 entered by

 individual size class.
 dead and live category.

& molsture scenario.
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After the FuelModeling moisture scenario folder is attached, the Moisture Scenario Guide [gg button on
the Worksheet shows the following valid selections for moisture scenarios in the “Input Guide” dialog box.

=1 B3

4 Back |»Frwd |mHomE |@Iﬂdex |

S -
M Moisture :'

%“z Scenario

A fuel motsture scenaric 15 a set of fuel motstures
values representing moisture condition of the
surface fiuel: 1-h, 10-h, 100-h, live herbaceous,
and live woody fuel moisture. Fuel moisture

scenarios are analogous to fuel models; they
package a number of parameters into a labeled
set. The user can define and save a motsture

4l |

ol

B BehavePlus 4.0.0 Input Guide

Value | Deseription =
dlll - DIL1 - Very low dead, fully cured herb (3,4,5,30,60)

dll2z DIL2 - Very low dead, 2/3 cured herb (3,4,5,60,90)

4113 DIL3 - Very low dead, 143 cured herb (3,4,5,90,120)

dld DIL4 - Very low dead, fully green herb (3,4,5,120,150)
d211  D2L1 - Low dead, fully cured herb (6,7,8,30,60)

d212 D2L2 - Low dead, 2/3 cured herb (8,7,8,60,90)

d213  DZL3 - Low dead, 1/3 cured herb (6,7,8,20,120)

dz2¥ D2L4 - Low dead, fully green herb (6,7,8,120,150)

A?H 2T - Maderate dead fille rured herk (310 11 ?Fil ST
4 3
¥ Picture ¥ Help

Cancel

To view the parameters of a particular moisture scenario, right-click on the description and select View
parameters from the shortcut men.

Mu BehavePlus 4.0.0 FYD M= E3
Moisture Scenario d111
Scenatic Mame d11l
Description DIL1 - Very low dead, fully cured herb (3,4,5,30,60)
N Dead 1-h Moisture 3 percent
B

L ke Dead 10-h Moisture 4 percent
Dead 100-h Moisture 5 percent
Live Herbaceous Moisture 30 percent
Live Woody Moisture 60 percent

When viewing folders (and files) in the "Moisture Scenario" dialog box, those scenarios with a paper clip icon
are currently attached to (e.g., accessible for use by) the BehavePlus application. Once the Ok button is
pressed, only the selected folders will have their files attached. Currently attached folders will NOT have their
files attached if not selected when the Ok button is clicked. Use the Cancel button to maintain the current

attached sets.

B5 BehavePlus 4.0.0 Moisture Scenario

Moisture Scenario

|Fi1es |Desmption

 Back

| o Frrd | i Home &> lndex |

(3 FuelModeling

16

Used to develop new fuel models (Scott and Burgan)

& Myl doistureScenarios 0

Default user mosture scenarios folder

%‘:2 Scenario Files

Attach Fuel Model or Moisture

TSTMDL (3,4,5,70,70)
TSTMDL (6,7,8,120,120)

TSTMDL (12,12,14,170,170)

I Picture

v Help

QOle

Folders (and files) with a paper clip icon are currently attached to (e.g.,
accessible for use by) the BehawePlus application. Individual files are atiached by
attaching the folder in which they reside. It is not possible to select and attach
mdrndual files, the entire folder must be attached Once a folder 15 attached, the
fuel models or moisture scenarios appear in the appropriate input guide and may
be used in theBehavePlus apphication.

Cancel
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l.’gBehavePlus 400 Mon, Jun 16, 2008 at 07:15:05 Page 1
Inputs: SURFACE

Description a |M015ture Scenario Example
Fuel'Vegetation, SwtaceUnderstory

Fuel Model B [ehz
Fuel Moishire

Moisture Scenario B [a111, 4211, 431z, 4314
Weather

Iidflame Wind Speed {upslope) mih a |D 15
Terrain

Slope Steepness b a |Q

Pam Option Notes
Ilasimum reliable effective wind speed limit 1s imposed [STRFACE]
Calculations are only for the direction of mazimum spread [STTRFACE]

Fireline mtensity, flame length, and spread distance are always
for the direction of the spread calculations [SURFACE]

Wind iz blowing upslope [SURFACE].

Output Variables
Sutface Rate of Spread (mamimum) (chh) [SURFACE]
Flame Length (ff) [SURFACE]

This Worksheet creates the following graph. The fuel model used is a dynamic type, and the output graph
indicates the dramatic effect the live fuel moisture can have when using a dynamic fuel model.

mBEhavePlus 400 Mon, Jun 16, 2008 at 07:15:05 Page 2
. Moishure Scenario Example M
30
- Meoisture Scomario
45—

I
=
|

o]
Ch

30—

25—

[
=1

15—

Surface Rate of Spread (mazimuom (chih)
=

\

0 2 4 6 3 10 12 14 16
Midflame Wind Speed (upslope) (mih)

13.2. Defining and saving moisture scenarios

To define a Moisture Scenario first set the Worksheet to require individual fuel moisture values by selecting
individual size class in the Configure > Module selection > SURFACE > Options... > Fuel &
Moisture tab.

Mloizture 1z entered by

i+ ndividual size class.

 dead and live category.

 molsture scenario.
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Enter values for each size class on the Worksheet, even if that item is shaded. Other input text boxes don't
matter.

m BehavePlus 4.0.0 Dage 1

- ~

Inputs: SURFACE
Description a ICreate a Moisture Scenar10|
Fuel/Vegetation, Smface/Understory

Fuel Model B
Fuel Moisture

1-h Moisture % a |5

10-h Moisture % a |6

100-h Moisture w B7

Live Herbaceous Motsture % a |9EI

Live Woody Moisture % a |12EI
Weather

Midflame Wind Speed (upslope) mith a |
Terrain

Slope Steepness %% a |

Run Option Notes
Mlamtrrum reliable effective wind speed Lt 12 imposzed [SURFACE]
Calculations are only for the direction of masatoum spread [STTRFACE]

Fireline mtensity, fame length, and spread distance are always
for the direction of the spread calculations [SURFACE]

Wind is blowing upslepe [SURFACE]

Save the moisture scenario with the File > saveAs > Moisture scenario command. In the "Save As" dialog
box enter a file name in the Moisture Scenario File text box and a short description in the Moisture
Scenario Description text box. See Section 18.4, Save As..., for more information on saving moisture
scenarios.
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14. Map applications

BehavePlus allows the calculation of slope steepness from map
measurements and conversion of distances to map measurements.

Map scale is given as map representative fraction, which is the ratio of the number of units on the map between
two points to the distance on the ground between the same two points. For example, if the map representative
fraction is 1:24,000, then for each inch on the map there are 24,000 inches on the ground.

Although any value can be entered, the "Input Guide" dialog box provides common map scales, available by

clicking the Choices button.

B3 BehavePlus 4.0.0 Map Representative Fraction (1:x)

Iz [inkui

|mifm | cmfkm |k.mfcm |4

4 Back | wp Frwrd | E}Home &> lndex |

1980 32,0000
3960 15.0000
7920 80000
15840 4.0000
21120 3.0000
24000 26400
31680 2.0000
62500 1.0138
63360 1.0000

0.03125 505051
0.06250 25.2525
012500 126263
0.25000 63131
033333 47348
037879 41667
050000 31566
098643 1.6000
1.00000 15783

0.01%8
0.039%

01584 B raction

Map
Representative

02112

0.2400 _|

07158 The map representative fraction is the ratio ofthe

0.6250 number of units on the map between two points to
the distance on the ground between these same two

0.6336 x| ||| points. For example, if the map representative

Iv Picture

v Help

gl

fraction 1s 1:24,000, then for each inch on the map
there are 24,000 inches on the ground. =
| _»l_I

QOle

Cancel

14.1. Slope from map measurements

To set up a Worksheet to calculate slope steepness from measurements on a topographic map use the
Configure > Module selection > SURFACE > Options... > Slope tab and select the Slope

steepness is calculated from map measurements radio button.

BS BehavePlus 4.0.0 SURFACE Module Dptions M=l B3
Fuel & Moisture | Wind Speed | Directions ‘ "SlopE‘ Basic Outputs | Intermediates | Fuel Outputs | P-G Cutputs | Aspen Outputs |
- Eacl | w Frvd | 11 Home | & Index
; SURFACE Slope Input Options
Slope 1z specified as
@ percent.
This page controls the SURFACE Module's slope units of measure and whether
" degrees. slope is entered directly into the input worksheet or calculated from map
MEASUrEmEnts
Options
Slope is entered as....
Slope steepress 13 percent. Slope 1s specified as percent which is 100
 specified on the worlcsheet. times the slope rise divided by the slope
h (or 100 times the tangent of the slope
@ calculated from map measurements. reac
B R in degrees). & 100% slope has a 45-degree
incline
This selection may be overridden by a
custom umts set
degrees. Slope 1z entered as degrees
¥ Picture ¥ Help
|
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You can add the calculated slope steepness and intermediate values to the output list with the Configure >
Module selection > SURFACE > Options... > Outputs tab. Select any or all of the Slope Steepness,

Slope Elevation Change, or Slope Horizontal Distance check boxes.

B3 BehavePlus 4.0.0 SURFACE Module Dptions

[H[=] E3

Fuel & Mossmre | Wind Speed | Directions | Stope | Basic Outputs| |Intsrmed1atss | Fuct Quputs | P-G Cupuss | Aspen Ouputs |

¥ Surface Rate of Spread

™ Heat per Unit Area

I~ Fireline Intensity

v Flame Length

I~ Reaction Intensity

™ Direction of Maximum Spread
I~ Surface Spread Distance

™ Midflame Wind Speed

EBack | m Erwvd | fiiHorme | & Index

Slope Horizontal

_-;z Distance

The slope horizontal distance is the ground distance between
two pomnts. This is an mtermediate value in the calculation of
slope steepness from map measurements.

I~ Wind Adustment Factor

[~ Slope Hotizontal Distance
rection Diagram

I Fire Characteristics Chart
Links

v Picture v Help

<

™ Crowmn Ratio 10 Module oa

© Fill Port
[ Cr ormen Input None
™ WAF Calculation

Cutput | SURFACE If Slope stecpressis

il Eitenere Wl Syl calculated from map
I~ Effective Wind Speed Limit measurements is selected as an
r ed? mput option
™ Slope Steepness
™ Slope Elevation Change See Also

# Slope Steepness
# Slope Elevation Change

# Vanable Index

Cancel

The Worksheet then includes a Map section with text boxes for data.

ﬂ BehaweFlus 4 0.0

Page 1

-~

Inputs: SURFACE

~

Description ﬂ |
Fuel/Vegetation. Surface/Understory

Fuel Model B
Fuel Moisture

Dead Fuel Moisture Y ﬂ |

Live Fuel Moisture Y ﬂ |
Weather

Midflame Wind Speed fupslope)
Map

Map Representative Fraction (1)

B
3

Centour Interval
Map Distance

& |
n @/

Number of Contour Intervals

Raum Option Notes

Mazimum reliable effective wind speed limit is imposed [SURFACE].
Calculations are only for the direction of masimum spread [STURFACE]

Fireline intensity, flame length, and spread distance are abways
for the direction of the spread calculations [SURFACE]

Wind is blowing upslope [SURFACE]

Output Variables
Surface Rate of Spread (mawimum) {chh) [STRFACE]
Flame L
lope Steepness (%) [SURFACE]
Slope Elevation Change (ft) [SURFACE]
Slope Horizontal Distance () [STURFACE]
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The contour interval is the difference in elevation between adjacent topographic contours on a topographic
map.

The map distance is the distance between two points on a map generally expressed in inches or centimeters.

Number of contour intervals is a count between two points on a map.

If only slope values are requested as output, then only Map input variables are requested.

ﬂ BehaweFlus 4 0.0 Page 1

- N
Inputs: SURFACE
Description ﬂ |
Map
Map Representative Fraction (1)

Centour Interval

E

uEEN

Map Distance
Number of Contour Intervals

Raum Option Notes
None

Output Variables
Slope Steepness (%) [SURFACE]
Slope Elevation Change (ff) [SURFACE]
Slope Horizontal Distance (f) [SURFACE]

14.2. Map distances

To specify that output calculated distances should also be given in map units use the Configure > Module
selection command and select the Display output distances in map units check box below the list of
modules.

BS BehavePlus 4.0.0 Module Selection M=l B3
4 Back | m Erwvd | fiiHorme | &> lndex |
v Budace Fire Spread (SURFACE)  Options Check those Modules you wish to activate Al
™ Crown Fire (CROWI) Options Indentation indicates modules that can be linked
I Safety Zone (SAFETY) i, together, with the cutput frot one used as input
to the next.
Size of a Pt Source Fire
(SIZE) Options Press a Module's Options... button to confizure
. X its mput options or change the set of output
Fire Containment . -
Options variables it caleulates
(CONTAIN)

I~ Spoting Distance (SPOT)  Options...
I~ Crown Scorch (SCORCH)  Options...

Tree Mortality
(MORTALITY)

I~ Probability of Ignition (IGINTTE) Options...

Options

IR E

my_output distances in map units

™ Table shading for acceptable fire conditions

Iv Picture v Help

Checking the box
i dds map descriptors to the
worksheet so output variables such as "spread
distance” are displayed in both real world and
map units. Checking the box Table shading for
accepiable fire conditions adds a section to the
worksheet where values for acceptable conditions
can be entered (for example, flame length of 2 to
4 1)

Links

® VVariable Index

® Figure Index
® Table Index =

Ok

Cancel

When a distance is calculated in SURFACE, SIZE, or SPOT and the Display output distances in map
units check box is selected, a Map Representative Fraction (1:x) text box is added to the Worksheet
and map distances are added to the list of output variables.
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For example, when the Spread Distance check box is selected in the Configure > Module selection >
SURFACE > Options... > Outputs tab the following Worksheet results:

ﬂBehavePlus 4.0.0 Page 1

e N

Inputs: SURFACE
Description a ||

Fuel'Vegetation, Smface/Understory

Fuel Model B
Fuel Moisture

Dread Fuel Moisture % a |

Live Fuel Moisture % a |
Weather

Iidflame Wind Speed (upslope) mith a |
Terrain

Slope Steepness Y a |
Fire

Elapsed Time h a |
Map

Iap Representative Fraction {1:2) a |

Run Option Notes
Ilazarnum reliable effective wind speed limit 12 tnposed [SURFACE]
Caleulations are only for the direction of masitnum spread [SURFACE].

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

Wind is blowing upslope [STTRE ACTE]

@ces are also displayed in map m@

Output Variables
Sutface Rate of Spread (mazimum) (chh) [STURFACE]
Sutface Spread Distance (ch) [SURFACE]

@spreadmp Distance (1) [SURFACE]
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15. Units and Decimals

Default units for BehavePlus are English for use in the United States. It is
easy to change all units to metric using the Configure > Units set
selection > Metric command.

If a user wishes to use something other than the units we have selected for English or metric, a custom set of
units can be defined and saved for later use.

The Units set also defines the number of decimal places displayed for each variable.

Note that whenever a Worksheet or Run is saved, its current units of measure and display decimals are saved
with it. The next time you open the Worksheet or Run, the units and decimal settings are restored.

BehavePlus also provides a quick units conversion tool accessed with the Tools > Units converter
command.

15.1. English or metric

The units set can be changed using the Configure > Units set selection > English or Metric or
Custom commands.

Immediately upon change, the units on the active Worksheet and all values that have been entered are changed.

Because units are stored with a Worksheet or Run, if units are changed to metric and then another Worksheet
is loaded from the ExamplesWorksheets folder, with the File > Open worksheet command, the new
Worksheet will use English units.

15.2. Custom units set

Develop and save a custom units set using the “Units Editor” dialog box opened with the Configure >
Custom units preferences command.

The “Units Editor” dialog box controls the selection of units of measure and decimal places for the input,
display, and output of variables. The selected units are then applied to the current Worksheet and can be saved
as a custom units set.

The units of measure initially displayed by the dialog are those in use for the current Worksheet.

Select the desired units for each variable set. Rather than repetitiously having to enter units for every variable,
they are grouped by type of unit of measure. The help window lists the groupings.

Once you have defined and saved a custom units set, you can apply it to a Worksheet or Run with the
Configure > Units set selection > Custom command that opens the “Select A Units Set” dialog box.

15.3. Number of decimal places

In addition to setting units of measure, the “Units Editor” dialog box also allows you to change the number of
digits displayed after the decimal place of all input and output variables.
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For example, the variable Fire Area has | decimal place as the default. You may want to round area to the

nearest acre by changing the number of decimals to 0.

BehavePlus v4.0 User’'s Guide

Fuel & Vegetation Units | Weather Units | Terram & Spoting Uns | [Fire & Effects Units |T1m5 & Map Units | Conten & Sefety Unis |

Variable Trite Decimals || ®Eack = Frovd | {itHome | &> Tndex |
Surface ROS chh j 1 él Fire Behavior & Fire Effects Variable Units =l
Crown ROS chh j 1 i’ For convenience some of the units of measure selections made on this page
Fire Heat per Urdt Area Br/f? j 0 é‘ contrel more than one wanable. These are summarized below
Fireline Intensity Bru/ft/s j 0 i’
= Tnits Cat Variabl
Flome Length & ScorchHr | | ISR e
Heat Scuce & Reaction Intensity | Btw/f2/min j 0 i’ Swface ROS * Surface Rate of Spread
Heat Sink Bruft3 B
Spread Distance ch -[1 i’ Crown ROS * Crown ROS
= * Critical Crown ROS
Fire Area ac j 1 = ]
Fire Penmeter ch j 1 = Fire Heat Per Unit Area # Heat Per Unit Area
Probability of Mortaltty o =
% M = .
& Crown Vol Scorched Fireline Intensity ® Tireline Intensity
Probability of Tanition % -0 = * Critical Surface Intensity
Fire Ratios ratio j 1 él
- Flame Length & Scorch Height # Flame Length
Wind, Slope Fraction, & Cost | ratio j 1 z’ * Scorch Height
# Critical Surface Flame
I~ Picture ¥ Help Length
® Flame Hricht from a |

M BehavePlus 4.0.0 Un v [-[o]
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16. Tools

BehavePlus tools are stand-alone utilities. They are not linked with any
other modules or calculations.

16.1. Fine Dead Fuel Moisture

This tool is an automation of only the daytime tables from Rothermel (1983). Since these tables are not based
on equations, they can't effectively be linked to any other tools or modules in BehavePlus.

The "Fine Dead Fuel Moisture Tool" dialog box can be accessed with the Tools > Fine dead fuel moisture
command.

Mz BehavePlus 4.0.0 Fine Dead Fuel Moisture Tool M= E3
Dry Bulb Temperatire | 70 - 88 oF [ ]2 Bk | o Eowd | farHome | &¥Index |
. p— =
Eelative Humidity 10-14% > .
Reference Fuel Moisture | 2% v = Fll]f:‘ Dead Fuel
%‘z Moisture Tables

onth May Tune July -
Time of Day 14:00 - 1559 -
Elevation Difference Level (within 1000 f) - The fine dead fuel motsture calculation 15 based
4l 31+U/—_I on the tables in How io predict the spread and

e ° intansity of forest and range fires (Rothermel
Aspect Horth d 1983). Ounly the daytime tables are provided, and

Fuel Shading Exposed (< 50% shading) ~ there is ne conversion to metric units
Fuel Moisture Correction| 1% This tool is inchided in BehavePlus only for

completeness because the tables are used in the
field by Fire Behavior Analysts. They are not
)
ngpel ey based on equations, so they are not readily linked
with other modules in BehavePlus.

Description Hoedown Fire, July 13th
Fine dead fuel moisture value can be used for 1-h

and 10-h fuel moisture
¥ Picture ¥ Help . . . . ¥
<] | »

Dismiss Ezport

Inputs are made through the drop down lists. As soon as a change is made, the results are displayed.

You can save fine dead fuel moisture inputs and results as a HTML file by clicking the Export button. The
Description text box at the bottom of the input section allows you to describe a header for the saved results.

When the Export button is clicked, a “Exported Results” dialog box appears.

Look it |3 AVE~1/DefaulDataFclderExportFalder! 7| # & 5
=)
(D MyExports

Fe e |
Fie type: | Hienl (* bt * bt B Clancel |

You may navigate to any drive or directory and select an existing file or specify a new file name. The default
location for exporting is the ExportFolder. If you haven’t already done so, you should think about your file
management and design a structure for you project. (see Chapter |7: File Management)
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If you select an existing file, a popup will ask you to confirm overwriting the existing file. If you specify a new file
without a “.html” or “.htm” extension, a “.html” extension is automatically added. The contents of the “Fine
Dead Fuel Moisture Tool” dialog box are then written to the file in HTML format.

E)Mozilla Firefox [-[o]
Fle Edit Yiew Go Bookmarks Tooks Help (%]

@ - LL‘: - @ I:\ @ [ e p1c:ipacuments:20ands205ettingsirselfDesktopiFusl_moist hirl =

|| Mozila Firebird Help | | User Support Forum || Plug-inFAQ | | Gooals Search: myt...

BehavePlus 3.0.0 Fine Dead Fuel Moisture Content Tool

Hoedown Fire, July 13th

Dry Bulb Temperature 70 -89 oF
Relative Humidity 10-14%
Reference Fuel Moisture 2%

Identh May June July
Time of Day 12:00 - 13:59
Elevaticn Difference Level {within 1000 f)
Slope 31+ %
Aspect North

Fuel Shading Shaded (>=50% shading)
Fuel Moisture Correction 3%

Fine Dead Fuel Mosture 5%

Run on Wed Dec 08 10:08:0% 2004

| bone:

4

You may view the results using any web browser such as FireFox, Moxzilla, or Internet Explorer. You may also

attach the file to E-mail, or post it to a web site. You can open the exported HTML file with a spreadsheet
application.

16.2. Relative Humidity

The “Relative Humidity” dialog box is opened with the Tools > Relative Humidity command.

Dry Tetmp, Wet Temp, & Elev | Dry Temp. Wet Depress, & Elev | Dy Temp & Dew Point Temp |

Units  Back | = Bl |mHome |@Iﬂdex

* oFandft © oCandm

Relative

.-‘:g Humidity Tool

Three methods of calculating relative hurmidity are
available

Dry Bulb Temp 0
Wet Bulb Temp &

3]
55}

=3
o)
i

Site Elevation

TWet Bulb Depression |20

3]
55}

Dew Peint Temp 45

35
o)
i

1T gl

Relative Humidity 9

F

The first tabbed page (Dry Temp, Wet Temp,
& Elev) determines relative humidity, wet bulb
v Picture v Help depression, and dew point temperature given the

-

Avr haalh teenneratire mret btk terne eeabire and

Dismiss

The “Relative Humidity” dialog box provides three ways to calculate relative humidity depending on available
inputs, a tab for each method.

 All three methods require Dry Bulb Temperature as an input.

* The first tab utilizes a Wet Bulb Temperature input, the Dry Temp, Wet Depress, & Elev tab uses the
Wet Bulb Depression (the difference between Wet and Dry Bulb Temperatures), and the third tab uses the
Dew Point Temperature.

* The first and second tabs also require the Elevation of the temperature observations.
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On all three tabs the spin boxes are used to enter the required inputs. The plain text boxes display the outputs
and immediately change with input changes.

Remember the RH Tool is a stand alone utility, it does not link to any other tools or modules.

16.3. Units Converter Tool

For all those times when somebody gives you an observed spread rate in furlongs/fortnight or you just need to
know what the temperature is at that Canadian RAWVS station just across the border, BehavePlus has a utility
you can reach with the Tools > Units converter command.

M BehavePlus 4.0.0 Units Conversion Taol M= E3
4 Back | wp Frwrd | 1t Home | &> lndex |
From Amount |12 3 EKnown Units of Measure 2l
-
= o li The following table ksts all the units known by the converter tool. The converter
rom Units  jmeters/s also understands most common abbreviations for the units. MNote that unit names

and abbrewiations are case sensitive; for the most part, stick with lower case

Into Units mﬂesfhxi unless the units are named after a person,
27.5143 Units of Measure Names, Desciiptions, and Base Units

Tnits Name SIBase Description

I~ Picture ¥ Help

rad second (plane angle) =

Dismise

In the “Units Conversion Tool” dialog box enter your known observation into the From Amount and From
Units text boxes (12.3 meters per second in the above example). Then enter the desired units in the Into
Units text box and click the Convert button to get your results (27.5143 miles per hour in the above
example).

In the “Help” pane of the “Units Conversion Tool” dialog box there is a list of all the available units.

16.4. Slope vs horizontal map distance
The “Slope vs Horizontal Distance Tool” dialog box is opened by selecting the Tools > Slope vs horizontal

map distance command.

When you select the Display output distances in map units check box from the “Module Selection”
dialog box, map distance is found by multiplying slope distance by map scale. This is not technically correct. But
because of the many variables that exist in the real world, the difference between slope distance and horizontal
distance is not critical. This tool allows you to do the conversion in case you want to make the correction
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before you plot the distance on a map. Rather than ask the user to input the direction with respect to the
direction of steepest slope, several common options are calculated.

Calculated Map Distance (in, cm) |2

Meazimum Slope Steepness (%) |45

Calculate |
Max Slope Steepnees (degrees) |[24.2
TTpslope, 0 Degrees IlSi
15 Degrees from Upslope IlSi
30 Degrees from Tpslope |197
45 Degrees from Upslope |197
60 Degrees from Tpslope |207
75 Degrees from Upslope |207
Cross-slope, 90 Degrees |207

¥ Picture [~ Help
Distrizs |

16.5. Sun-Moon Calendar

The "Sun-Moon Calendar" dialog box is opened with the Tools > Sun-moon calendar command.

EBehavePlus 4.0.0 Sun-Moon Calendar [_ (O]
Lecation | Contents |
= Bacl: | o Frvvd | Home | Index |
Location II\J_issoula Fire Sciences Lab, Missoul  Browse i} <

GMT Diff |-7 3: (&.dd one hour for daylight savings time)
Sun-Moon Calendar Location

Lol IV\‘YESt j I‘l 14 i’ I5 i’ I35 i’ This page defines the geographic location for the Sun-IMoon calendar.

Laide [Morth = [1e  #][s5 2]z B

Degrees Iufinutes Seconds

Controls

+ Location

Month Jmn =~ Enter the location name. The text entered here appears in the title of the
sunimeon calendar.

Tear 2008 3: Press the Browse button to select from over 400,000 natned geographic
places in the U3
I Picture v Help
* GMT Difference Ll

The Location tab allows you to specify any month of any year at a location on the globe. The tool also
includes a large database of named places within the United States so you can select a location by name rather
than by coordinates.
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The Contents tab lets you select the outputs you need.

;BehavePlus 4.0.0 Sun-Moon Calendar [_ (O]
Location | Centents
€Dk | v | & ndex |
v Seasonal Dates MMoon Phases = S
by
v Sun Meon Chart
W Sunrise == Sun-Moon Calendar Contents
¥ Sunset !i 42;!!
¥ MMoonrise
¥ MMoenset
o il Bl This page defines the contents of the Sun-Moon calendar.
¢ Ciwil Drusle Controls
v Sun-Meen Calendar
I Sun Times New/Full/ Check this box to produce a table of new and fiull moon dates and times for the
¥ Moon Times Moons and entire year.
¥ Tufoon Phase Seasons The table also contains the vear's solstice and equinox dates and times.
Sun-Moon Check this box to produce a table of daily sun and moon events for the month.
™ Picture v Hele Chart Centent options inchude =l

Ok Clancel

You can generate sun-rise, sun-set, civil dawn, civil dusk, moon-rise, and moon-set times in table or calendar

format. It can also display a table of equinox, solstice, and moon phases for the year.

Example table of sun-rise, sun-set, civil dawn, civil dusk, moon-rise, and moon-set times.

Page 2

[/'

Day
sun
Mon
Tue
Wed
Thu
Fri
Sat
sun
Mon

Tue
Wed
Thu
Fri
Sat
Sun
Mon
Tue
Wed
Thu
Fri
Sat
gun
Mon
Tue
Wed
Thu
Fri
sat
fun

Mon

1

@l oo e LR

11
12
13
14
15
1é
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Sun & Moon Chart

Migsoula Fire Sciences Lab, Migsoula, Montana

June 2008
{Lon 114.093, Lat 46.525, GWT -7.0)

Sunrise Sunset Moonrise Meoonset
04:45 20:23 0z2:44 16:23
Od: 44 20:24 03:17 1%:50
04:43 20: 25 04:02 21:09
0d4:43 20: 26 05:02 22:13
Od: 42 20:27 0&:16 23:01
04:42 20:27% 07:38 23236
0d:4z2 20:28 g9:01  ---—-
Od:41 20:29 10:20 oo:01
04:41 20: 2% 11:35 00:22
0d:41 20:30 12:45 0o0:39
Od:41 20:30 13:53 0o0:55
04:41 20:31 15:01 01:12
0d4:40 20: 32 le:08 01:29
Od:40 20: 32 17:16 01:49
04:40 20: 32 18:22 0z:12
04:40 20:33 19:27 0z: 4z
Od:40 20:33 20:24 03:20
04:40 20:34 21:13 04:07
0d:41 20:34 21:53 05:04
Od:41 20:34 22:24 0g:08
04:41 20:34 22:49 07:17
0d:41 20:34 23:10 0g:27
Od: 42 20:34 23:29 0%:39
04:42 20:35 23:46 10:49
0d:4z2 20:35 —--—-- 1z2: 02
Od: 43 20:35 00:03 13:16
04:43 20:34 0o0:21 14:34
0d:44 20:34 00:44 15:57
Od: 44 20:34 01:12 17:22
04:45 20:34 01:50 18:43

Civil Dawn
04;
04:
04:
04;
04:
04:
04;
04:
04:
04;
04:
04:
04;
04:
04:
04;
04:
04:
04;
04:
04:
04;
04:
04:
04;
04:
04:
04;
04:
04:

ns
ns
s
n4
n4
03
nz
nz
0z
nz
ol
o1
o1
ol
o1
o1
ol
o1
o1
ol
o1
nz
nz
0z
nz
0z
04
n4
ns
s

Civil Dusk
21
21:
21:
Bdl3
21:
21:
21
21:
21:
Bdl3
21:
21:
21
21:
21:
Bdl3
21:
21:
21
21:
21:
Bdl3
21:
21:
21
21:
21:
Bdl3
21:
21:

02
03
04
05
o0&
o7
08
08
09
10
10
11
12
12
13
13
13
14
14
14
14
15
15
15
15
15
14
14
14
14
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This page blank on purpose.
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17. File management

17.1. Workspaces

BehavePlus has a proscribed file system structure; all files must be located in specific subdirectories. The parent
directory of this file structure and all its subdirectories and files are collectively known as a Workspace.

A Workspace is a complete subdirectory tree containing all required BehavePlus files plus any additional
Worksheet, Run, Fuel Model, Moisture Scenario, Units Set, or screen capture files saved by the user. A
Workspace can correspond to a single BehavePlus project. Workspaces are created with either the File >
Workspaces > New workspace or Clone current workspace commands.

When BehavePlus is first installed it has a single Workspace called "DefaultDataFolder". This is the default
current Workspace every time BehavePlus is started.

sapps'fsprodfam’BehavePlus4

|2 MyScreencCaptures
) ComposerFolder
= |2) ExportFolder

cai

BehavePlus4. xml
=| BehavePlus log

[

711KE XML Document
9KE  Text Document

File Edt ‘“ew Favorites Tools Help | lﬂ'
OBack - ir | y ) Search [{~ Folders Elv
Address IJ C:iFsappsifsprodifamiBehavePlusd j a &0
Folders % | _Mame = Size | Type | Date Modified |
El=]: s -] JDeFau\IthataFulder F!:e FD::er 4{1)2008 10:58 AM
&l () DefaukDataFolder [DDockd o Flle Fulder 4112008 10:58 AM
= [ CaptureFolder a0 imagcFolder File Folder 412008 10:58 A0
"% BehavePlus4.exe 2,324 KB Application 3/28/2008 9:38 AM

362008 12:49 PM
6{17/2008 £:26 AM

() MyExports = contain.log 2KB Text Document 6/15/2008 10:38 AM
=_1 INSTALL LOG S6 KB Text Document 4/1/2008 11:10 &AM
= 12 FuelMaodelFolder A
[ MyFusMadels =| License. kxt GKE  Text Document Ff6 /2008 1:16 PM
.3] mswcp? Ldl 485 KB Application Extension  3718/2003 9:14 PM

|2) SoCalifornia

= I MoistureScenarioFolder
2 FuelModeling
) MyMoistureScenarios
1) Tstmdl

= I3 RunFolder
|2 ExampleRuns

.3] msvep? 1d.dll
‘i] msyer71di

%] msverzid.di
%) qt-mizzs.di
@ Readme.txt

S UNwISE ERE
B UNWISE, IND

748 KB
340 KB

Application Extension
Application Extension
532 KE Application Extension
4,856 KB Application Extension
LKE Text Document
161 KB Application
1 KB  Configuration Settings

3{18/2003 8:04 PM
20212003 5:42 AM
3/18/2003 §:03 PM
812/2004 10:28 AM
3(3/2008 4:33 PM
9202001 4:00 PM
4/1/2008 10:58 AM

) MyRuns
= |2 UnitsSetFolder
|2 MyUnitsSets
= 1) WorksheetFalder
) Example'orkshests
12 MyWorkshests
= [2) DocFolder
= I en s
12 Heml
|2) GeoFulder
[2) ImageFalder -

We recommend you create a new Workspace using the File > Workspaces > New Workspace command
for every BehavePlus project you're working on. A project can be a collection of fire behavior projections for a
wildfire or a fuels analysis for an environmental impact statement. The new, “pristine” Workspace is
automatically populated with all example Worksheets, example Runs, and standard and predefined custom fuel
models just like the DefaultDataFolder Workspace.

Alternatively, you may clone an existing VWWorkspace with the File > Workspaces > Clone current
workspace command to copy all of the current Workspace into a new Workspace, including all Run, Units
Sets, custom Fuel Models, and custom Moisture Scenarios.

The Workspace concept provides the following benefits:
« All files pertaining to a specific training class, fire situation, or other project are segregated into their own
file structure.

* Workspaces are easily backed up or copied onto removable media using either the File > Workspaces
> Clone current workspace command or Windows Explorer.

* BehavePlus has self-validation tests and informs you whenever it is missing required files.

¢ BehavePlus knows where to find all custom Fuel Models and Moisture Scenarios and include them in
Guide Button dialog boxes.

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2008 101



File management BehavePlus v4.0 User’s Guide

We recommend using a compression utility such as WinZip, PKZip, or gzip when E-mailing or moving a
Workspace over the Internet as compression significantly reduces BehavePlus file sizes.

A list of three letter file extensions used by BehavePlus is shown in the following table. These extensions are
automatically attached to the files you create in BehavePlus.

File extension | File type Folder

.bpf Custom fuel models FuelModelFolder
.bpm Moisture scenarios MoistureScenarioFolder
.bpw Worksheets WorksheetFolder
.bpr Runs RunFolder

.bpu Custom Units Sets UnitsSetFolder
.exe Executable program file BehavePlus

.png Portable network graphic image format MyScreenCaptures
.bmp Bitmap graphic image format MyScreenCaptures
.ipg JPEG graphic image format MyScreenCaptures
xml Extensible Markup Language Various places

17.2. Load a Worksheet

A previously saved Worksheet is loaded with the File > Open worksheet command, which opens the
“Select a Worksheet” dialog box.

The Worksheet is 'blank’ in that none of the input variables have been assigned values. But all of the associated
options are still part of the Worksheet (e.g., graph appearance).

17.3. Load a Run

A previously saved Run is loaded through File > Open Run command, which opens the “Select a Run” dialog
box.

A Run is a Worksheet with valid values assigned to all input variables. Calculated values, tables, graphs, and
diagrams are not saved. These are generated with the File > Calculate command.

17.4. Save as...

There are five File > saveAs... commands offering several choices of what to save from the active Worksheet
or Run:

* File > Save as a worksheet - When a Worksheet is saved, it is saved without any values assigned to
input variables. The Worksheet can be opened at a later time using the File > Open worksheet com-
mand or the B toolbar button.

* File > Save as a run - A Run can be saved only if all valid values have been assigned to all variables on

the Worksheet. The Run can be opened at a later time using the File > Open run command or the &
toolbar button.

* File > Save as a fuel model - Fuel models can be saved in either BehavePlus or the FARSITE Custom
Fuel Model (.fmd) format. Before saving a fuel model make sure the SURFACE module check box is
selected and the fuel parameters check box is selected in the Fuel is entered as section of the
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SURFACE > Options... > Fuel & Moisture tab. Valid values must be assigned to each fuel model
parameter. Also make sure the Fuel Model Type parameter is correct, dynamic (D) fuel models must
have a live herbaceous fuel load. (see Section 12.4) To use custom fuel models at a later time they must be
attached with the Configure > Fuel model set selection command. (see Section 12.5.2)

* File > Save as a moisture scenario - Before saving a moisture scenario make sure the SURFACE
module is selected and the individual size class check box is selected in the Moisture is entered
by section of the SURFACE > Options... > Fuel & Moisture tab. Valid values must be assigned to
each size class, even those that are shaded. To make a moisture scenario available use the Configure >
moisture scenario set selection command. (See Section 13.2)

* File > Save as an image - Images of table, graph, and diagram screens can all be saved as an image file.
The image file can then be edited with an image processor or inserted into word processor or layout doc-
uments. (See Section 10.5.1)

The following example saves a Worksheet. The process is similar for other file types. The File > Save as a
worksheet command requests input of folder name, file name, file description, or file type in the “Save As”
dialog box.

[ JS[=] E3

!;BehavePlus 4.0.0 Save As

TWorksheetFolder / File | Files | Description | Last Modified
- G Bxample Wotksheets 5 Ezamples that can't be changed in this folder Tue Apr 1 10:58:43 2008
- G My Worksheets 1 Default user worksheet folder Mon Apr 28 07:58:02 2008

Worksheet Folder IMyWorksheets

“Worksheet File I

Worksheet Description I

To create a new Folder simply enter a new folder name
in the Worksheet Folder field and press the Ok button

¥ Picture

cu |

In this case, the Worksheet Folder text box is initially set to MyWorksheets. To create a new folder, simply
type a new name into the Worksheet Folder text box: TestFolder in the example below.

EBehavePlus 4.0.0 Save As [_ O[]
WorksheetFolder f File | Files | Deescription | Last Modified |
[ Bxample Weortksheets 5 Ezamples that can't be changed in this folder Tue Apr 1 10:58:43 2008
) & My Worksheets 1 Default user worksheet folder Mon Apr 28 07:58:02 2008

Worlisheet Folder ITestFolder

Worlisheet File Itestl

Worksheet Description Iexample for User's Guide

To create a new Folder simply enter a new folder name
in the Worksheet Folder field and press the Ok button.

¥ Picture

coc |
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You are asked to enter a Worksheet folder description. The folder description subsequently appears in the file
selection dialog box as a reminder of its contents. The Worksheet description is initially set to whatever is in
the Description text box on the Worksheet. When saving a Worksheet, you should assure that it describes
the blank Worksheet, not the specific Run.

17.5. Deleting Files & Folders

Files and folders in a BehavePlus Workspace are deleted using Windows Explorer. However you should only
delete files and folders you create, not any of the files and folders BehavePlus automatically creates for the
Workspace.

17.6. Export Results

Table output can be saved as an HTML file using the File > Export Results command. The default location is
the ExportFolder, but you can save results to any location.

zEﬂpurted Results | x|

Look it |4 AVE~1/DefatDareF older/ExporFolder’ | # [ ek

=]
D MyEzports

e |
File type: | Fienl ( * htn * hitenl) - Cameel

A

The HTML file can be viewed with a web browser or used in a web page. It is a compact format to email
BehavePlus outputs.

HTML files can be opened with a spreadsheet application such as Microsoft Excel. If tables are reformatted,
plotted, or if additional analysis is done, save the your work in the spreadsheet file format.

104 USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2008



18. Help

The Help system
Variables paper a

is a primary feature of BehavePlus. The Users Guide and
re available from the menu bar, and all dialogs and wizards

include a help browser pane. Input fields include a Guide [gd button for help in entering range inputs or selecting
one or more discrete choices.

18.1. Browser pane help

The right-hand pane of many BehavePlus dialog boxes is a help browser. These can be printed by right-clicking in

the help window to display a shortcut menu and selecting the appropriate command.
[ O[]

BS BehavePlus 4.0.0 Input Guide

4= Back | m Frd | 1 Home | & Tndex

{1-60%) M
||— S 1-h Moisture

1-h firel moisture content is the portion (percent or fraction) of the
1-h timelag dead fuel that is water, calculated on a dry weight
basis. This walue 15 also used for dead herbaceous fuel mowsture

< |

Clear Cancel |

¥ Picture ¥ Help content for dynamnic fuel models _l;l
3

It includes a description of input variables when the guide button associated with the variable on the Worksheet
is clicked. It includes a description of output variables when the cursor is held over a variable name on the list
of possible output variables for a MODULE, reached through Configure > Module selection > MODULE

> Options... >

Outputs tab.

For each variable, information includes a description of the variable and a table showing the modules that use it.

Some variables h

ave additional descriptions, diagrams, and tables.

18.2. Guide button

Help on entering a specific Worksheet variable is available by pressing the Guide g4 button next to each
Worksheet entry field to activate an "Input Guide" dialog box containing a help browser pane and input
assistance. For continuous variables, the dialog facilitates entry of a large number of inputs by specifying the

minimum input v

BS BehavePlus 4.0.0 Input Guide

alue, maximum input value, and increment value.
s

4 Back | m Erwvd | fiiHorme | & Index |

{0 - 360 deg)
Fom [
e [
sep [

™ Picture v Help

T a

Direction of Wind Vector (from

:L_—:z upslope)

Direction of the wind wector measured in degrees from upslope is the direction
that the wind 15 pushing the fire. This 15 useful in examining the vectoring approach
to wind and slope influences.

Alternatively the user can select the option to specify wind direction as the

direction from which the wind is blowing, It is obwiously critical that the user be

certain of the methed of specification of wind direction _'LI
3

2hl |

o]

Clear Choices | Cancel
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Additional values are sometimes displayed by clicking the Choices button where available in the "Input Guide"
dialog box.

BS BehavePlus 4.0.0 Direction of Wind Yector (from upslope)
e = Baclk o Frord | E}Home 1 & Index |
Deg from = itz
Tl Direction
pElope Direction of the wind wector measured in degrees from upslope is the direction that the wind is pushing
0 TUp Slope the fire. This 15 useful in exarnining the wectering approach to wind and slope influences
15
30 Alternatively the user can select the option to specify wind direction as the direction from which the wind
18 blowing, It 1s obwiously critical that the user be certain of the method of specification of wind direction
45
60 To Module I Nates
75
Input SURFACE If Wind iz in specified directions
80 Cross Slope and if Wind and spread directions
105 are degrees clockwise from
120 upslope (direction the wind is
135 pushing tha fira) are selected as
150 input options
165 Cutput | MNone
180 Down Slope
185
210 Direction of the wind vectar fou:
225 - Direction the wind is pushing the fire
Cegrees clockwise from upslope
240 Direstly upsiope
255 o
270 Cross Slope 318 g
285
LI 271 a0
I Picture I Help 225 135
|
Ok Cancel

For discrete variables the dialog contains a list of all valid inputs from which the user may select values.

18.3. User's Guide

This User's Guide can either be printed or accessed interactively using a PDF viewer such as Adobe Acrobat
Reader. It serves as the online help for operation of the BehavePlus application. It can be opened with the Help
> User’s Guide command. When viewed with the Adobe Acrobat Reader, the contents at the left provide
access to the section in question.

18.4. Variables paper

The Variables paper (Andrews 2008) can be either printed or accessed interactively using a PDF viewer such as
Adobe Acrobat Reader. It includes descriptions of the many input and output variables in BehavePlus. It can be
opened by selecting the Help > Variables command. When viewed on the computer screen, the contents at
the left provide access to the section in question. There is also an alphabetical list of variables, a table of input
variables, with the modules that use them, and a table of output variables available from each module. There are
many hyperlinks in the document, which make it most valuable when viewed using a PDF viewer.

106 USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2008



References

Anderson, Hal E. 1982. Aids to Determining Fuel Models For Estimating Fire Behavior. Gen. Tech. Rep. INT-122.
Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Research Station. 22 p.

Andrews, Patricia L. 1986. BEHAVE: fire behavior prediction and fuel modeling system-BURN subsystem, Part I.
Gen. Tech. Rep. INT-194. Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Research
Station. 130 p.

Andrews, Patricia L. 2007. BehavePlus fire modeling system: past, present, and future. In ‘Proceedings of 7th
Symposium on Fire and Forest Meteorological Society’, 23-25 October 2007, Bar Harbor, Maine, |3 pages.
http://ams.confex.com/ams/pdfpapers/126669.pdf

Andrews, Patricia L. 2008. BehavePlus fire modeling system, version 4.0: Variables. Gen. Tech. Rep. RMRS-GTR-
213-WWW. Ogden, UT: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station.
107 p.

Andrews, Patricia L. and Collin D. Bevins. 1999. Update and expansion of the BEHAVE fire behavior prediction
system. 3rd International Conference on Forest Fire Research; |4th Conference on Fire and Forest
Meteorology. 21-22 November 1998, Luco-Coimbra, Portugal. Vol. |, pp.733-740.

Andrews, Patricia L.; Bradshaw, Larry S. 1990. RXWINDOW: Defining windows of acceptable burning
conditions based on desired fire behavior. Gen. Tech. Rep. INT-273. Ogden, UT: U.S. Department of
Agriculture, Forest Service. Intermountain Research Station. 54 p.

Andrews, Patricia L.; Chase, Carolyn H. 1989. BEHAVE: fire behavior prediction and fuel modeling system-
BURN subsystem, Part 2. Gen. Tech. Rep. INT-260. Ogden, UT: U.S. Department of Agriculture, Forest Service,
Intermountain Research Station. 93 p.

Brown, J. K. and D. G. Simmerman. 1986. Appraising Fuels and Flammability in VWestern Aspen: A Prescribed
Fire Guide. Gen. Tech. Rep. RMRS-GTR-205. Ogden, UT: U.S. Department of Agriculture, Forest Service,
Rocky Mountain Research Station. 51 p.

Burgan, Robert E.; Rothermel, Richard C. 1984. BEHAVE: fire behavior prediction and fuel modeling system-
FUEL subsystem. Gen. Tech. Rep. INT-167. Ogden, UT: U.S. Department of Agriculture, Forest Service,
Intermountain Forest and Range Experiment Station. 126 p.

Finney, Mark A. 1998. FARSITE: Fire area simulator-model development and evaluation. Res. Pap. RMRS-RP-4.
Ogden, UT: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station. 47 p.

Finney, M. A. 2006. An overview of FlamMap fire modeling capabilities. Pages 213-220 in P. L. Andrews and B. W.
Butler, editors. Fuels Management--How to Measure Success, Portland, OR.

Fried, J.S. and B.D. Fried. 1996. Simulating Wildfire Containment with Realistic Tactics. Forest Science 42:267-
28I.

Rothermel, Richard C. 1972. A mathematical model for predicting fire spread in wildland fuels. Res. Pap. INT-
I15. Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Forest and Range Experiment
Station. 40 p.

Rothermel, Richard C. 1983. How to Predict the Spread and Intensity of Forest and Range Fires. Gen. Tech.
Rep. INT-143. Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Forest and Range
Experiment Station. 161 p.

Rothermel, Richard C. 1991. Predicting behavior and size of crown fires in the northern Rocky Mountains. Res.
Pap. INT-438. Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Forest and Range
Experiment Station.

Scott, Joe H.; Burgan, Robert E. 2005. Standard Fire Behavior Fuel Models: A Comprehensive Set for Use with
Rothermel's Surface Fire Spread Model. Gen. Tech. Rep. RMRS-GTR-153. Ogden, UT: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station. 78 p.

Van Wagner, C.E. 1977. Conditions for the start and spread of crown fire. Can. J. For. Res. 7:23-34.

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2008 107



Appendix: Version Comparison

Summary of changes from the old BEHAVE through each version of BehavePlus

The BEHAVE fire behavior prediction and fuel modeling system was first available to the field in 1984. JFSP
funded a much-needed redesign and update to the BehavePlus fire modeling system version 1.0, which was
released in 2002. Version 2.0 was released in 2003, Version 3.0 in 2005, and Version 4.0 in 2008. Each version
update has offered additional features and fire modeling capabilities. The most significant changes are given here.

BehavePlus version 1 compared to the old BEHAVE

The old BEHAVE fire behavior prediction and fuel modeling system is a set of five DOS programs, three of
which were first available in 1984. The whole look and feel of the BehavePlus fire modeling system is different,
using updated user interface technology. Following are some specific differences that will be of interest to users
of the old BEHAVE system:

* BehavePlus is one program. The old BEHAVE was 5 programs (FIREI, FIRE2, RXWINDOW, NEWMDL,
TSTMDL). The separation was due to computer limitations at the time and an extended development
period.

» BehavePlus gives the user control of input options that were fixed on the old BEHAVE. For example, the
BehavePlus SURFACE module allows users to specify the method of entry for fuel moisture, wind speed,
and directions. In the old BEHAVE:

- The DIRECT module required direct input of fuel moisture by size class, midflame wind speed, and
direction of wind and spread with respect to upslope.

- The SITE module calculated fine fuel moisture and requested input of 20-ft wind speed, exposure to
the wind, and direction of wind and spread.

- The DISPATCH module requested dead and live fuel moisture, 20-ft wind speed and wind adjustment
factor. Calculations were for upslope spread with the wind.

- In the TSTMDL program, fuel moisture was specified by category.

* In BEHAVE only continuous variables could be assigned more than one value for a maximum of 7 values.
For example, wind speed could be assigned a range of values, but fuel model could not. BehavePlus allows
multiple input values for every variable and there is essentially no limit to the number of values. Table
output is carried over to multiple pages if necessary.

* BehavePlus produces graphs and diagrams as well as tables. The primary output of the old BEHAVE was
tables. Crude graphs were produced using characters.

* The fuel modeling portion of the old BEHAVE consisted of the NEWMDL and TSTMDL programs. The
features in NEWMDL are not in BehavePlus. The TSTMDL fuel model testing methods are in BehavePlus.

* BehavePlus does not include the fine dead fuel moisture model in MOISTURE and SITE modules in the
FIRE2 program of BEHAVE. A better moisture model based on hourly weather data has been developed
and is used in FARSITE and is being incorporated into the National Fire Danger Rating System (NFDRS)
and the FireFamily Plus program. Eventually it will be available for fire behavior calculations in BehavePlus.
BehavePlus offers the fuel moisture tables as a tool.

* The CONTAIN module of BehavePlus is different from that used in BEHAVE. The old model had a
mathematical problem that occasionally surfaced. BehavePlus uses a model by Fried and Fried (1996) that
offers the application of multiple resources with various productivity rates and arrival times, and direct or
parallel attack at either the fire head or rear. BehavePlus does not offer the option of reverse calculation
that was in the old BEHAVE (i.e. given a final fire size, what is the required line production rate).

* The RxWindow program is not and will not be part of BehavePlus. Reverse calculation becomes more
difficult (essentially impossible) as models are added. The plan is to provide a new method of table shading
to aid in prescribed fire planning.
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* The equations in the MORTALITY module in BehavePlus have been updated to match those of FOFEM.
Many new tree species have been added.

* BehavePlus lists input values by category (Fuel/Vegetation, Weather, ...) rather than by module (DIRECT,
SIZE, ...) as was done in the old BEHAVE.

* In BehavePlus users select the output variables to be displayed. In BEHAVE the output list was fixed.
* Map distance calculation was a stand-alone feature in BEHAVE. It is integrated into BehavePlus.

* BEHAVE asked users whether they were using a computer with a screen. The program could be run in
either WORDY or TERSE mode. BehavePlus assumes that it is being run on a 21st century personal
computer.

BehavePlus version 2 compared to version 1
* Safety zone size model is added as a new SAFETY module.

* Containment model is added as a new CONTAIN module. This is a new model that allows multiple
resources to make direct or parallel attack.

* Probability of ignition by lightning model is added to the IGNITE module.

* Three methods of weighting two fuel models for rate of spread calculations is added to the SURFACE
module.

* Dynamic palmetto-gallberry fuel model (Hough and Albini 1978) is added to the SURFACE module.
* Size diagram output is added to SIZE.

» Contain diagram output is in CONTAIN.

* Direction diagram is added to SURFACE.

* Fire characteristics chart diagram output is added to SURFACE.

* Fine dead fuel moisture is added as a new tool.

* A Run Option section is added to the worksheets for clarification.

* The contents of the Notes section on example worksheets is blank. The description of the worksheet
that was there for version | is not necessary, especially with the addition of the Run Options section.

* The 'Standard' worksheet folder that was supplied with version | of the program is called the
ExampleWorksheets folder in version 2 to better reflect what it is. The worksheets in that folder are just
some that the developers put together. The term 'standard' gave them significance that they didn't deserve.

* The Blank.bpw Worksheet that was in version | is called the OStartup.bpw Worksheet in version 2 to
better reflect what it is, the worksheet to use as a startup in selecting calculation modules. (The '0' as a first
character of the file name puts it as the first item on the list for easy selection.)

* The program now automatically loads the OStartup.bpw worksheet upon initiation. This saves some steps
if the worksheet is set up by module selection. If a previously saved worksheet is desired, it is selected and
loaded as before with File > New.

* The Fuel model guide button gives you access to the photographs and descriptions in Anderson (1982)
"Aids to selecting fuel models" and to the selection key in Rothermel (1983) "How to predict the spread
and intensity of forest and range fires".

* The Program Help and the Users Guide for version | have been replaced by a single, new document-a
users guide in PDF format that can be both printed and accessed online for specific help.

* A Language option has been added. Portuguese is provided as an example.
» Additional Workspace options aid in file management.

* Graph y-axes are now user-scalable.
BehavePlus version 3 compared to version 2

* A new CROWN module to calculate transition to crown fire and crown fire spread rate is added.

* Calculation of wind adjustment factor (WAF) for fuel sheltered by overstory trees is added to SURFACE.

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2008 109



BehavePlus v4.0 User’'s Guide

* Table shading according to user-specified ranges of acceptable conditions for prescribed fire planning is
available.

* A CONTAIN option is added for single resource dispatch so tables and graphs can be produced for
ranges of line construction rate, etc.

* The ability to export table output to a spreadsheet for further analysis or custom display is available.
* RH module is replaced by an RH tool.
* The step function from the calculation of probability of ignition by a firebrand is resolved and removed.

* Forty new surface fuel models, some with dynamic herbaceous live-to-dead fuel load transfer as a
function of live fuel moisture are available in SURFACE.

* A new moisture scenario set (hamed "FuelModeling") that was used to develop the new fuel models is
added.

» Custom fuel models can be exported in the file format required by FARSITE, FlamMap, and NEXUS.
* When the program starts up, a new BasicStart.bpw example worksheet is automatically loaded.
* Module names are included on the Output Variables and Run Options lists for added clarity.

* The Fuel/Vegetation worksheet section has been split into Surface/Understory and Overstory
sections.

* The Worksheet tab on the “Appearance Options” dialog box has a new option Show descriptions
only for entered variable codes as well as the Show descriptions for all discrete variable
codes. The new option is the default for example worksheets.

* A SurfaceCrown.bpw worksheet has been added to the set of example worksheets.
* An updated User's Guide reflects operational changes. An index has been added.

* In-program help screens are updated with variable definitions and explanations.
 Tutorials |- 4 are updated and reorganized.

* New tutorials focus on new modeling capabilities.

BehavePlus version 4 compared to version 3
* The User's Guide is updated to reflect operational changes.
* A new Variables paper includes variable descriptions from the help windows and input/output tables

(Andrews 2008). The PDF document is available through the help system and includes many internal
linkages to make it a useful reference guide.

» As part of a JFSP funded project, the tutorials were updated, new lessons are available, and a plan for
future training material development was prepared.

* The BehavePlus program and supporting material has been moved to a new web site:
www.firemodels.org, for fire behavior and fire danger software.

* Photographs and values for canopy cover, stand height, canopy bulk density, and canopy base height are
available in help windows. The information is taken from Scott and Reinhardt (2005) “Stereo photo guide
for estimating fuel characteristics in conifer stands.”

* The user has the option of identifying a worksheet to open at startup, rather than the BasicStart.bpw
worksheet.

* A tool was added to calculate horizontal map distance from ground map distance and direction with
respect to upslope.

* The option was added to not impose the maximum reliable wind speed limit for the Rothermel surface
fire spread model. Spread rate increases with increasing wind speed rather than being constant for high
wind speeds.

* The option was added to input curing level (fuel load transfer portion) for dynamic fuel models rather
than calculating curing from live herbaceous fuel moisture.

* A special case fuel model was added for western aspen (Brown and Simmerman 1986).
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* If bark thickness is a user input for the MORTALITY module, Mortality Equation (spruce or not-
spruce) is an input variable on the Worksheet. This clarifies that the 206 species available for mortality
species is used only to calculate bark thickness.

* Additional output variables are available for SURFACE. Intermediate output values will aid
understanding of the Rothermel surface fire spread model.

* Fuel model names were changed to specifically mention short and long needle litter and to clarify that the
fuel models are for surface fuel, not for the overstory.

- 8 “Closed timber litter” to “Short needle litter”

- 9 “Hardwood litter” to “Long needle or hardwood litter”

- 10 “Timber with litter & understory” to “Timber litter & understory”
- TU4 “Dwarf conifer with understory” to “Dwarf conifer understory”

* Output variables were added to help understanding of calculated Wind Adjustment Factor: Crown fill
portion and WAF calculation (sheltered or unsheltered).

* Crown fire area and perimeter output variables were added, using the equations in Rothermel (1991).

* “Conditional crown fire” was added as a “fire type”. In version 3 if Transition to crown fire! was “no”,
then the fire type was “surface”, whether Active crown fire? was “yes” or “no”.

* Changes to the main menu are more logical. For example, File > New is now File > Open
worksheet.

* File > saveAs > Results > Spreadsheet or Html is now File > Export Results. In version 3,
save as spreadsheet saved the output table without input values as a .txt file. In version 4, only html files are
exported. These files can be viewed in a web browser, or they can be opened with spreadsheet software
and then saved in spreadsheet format.

* An ExportFolder has been added as the default location for Export Results.

* For the option Table shading for acceptable fire conditions, the option is added to produce
tables with blank cells rather than crossed out values. The option is available in Configure >
Appearance preferences > Tables tab.

* Values entered in the “Fine dead fuel moisture” tool are remembered the next time the tool is used for
the current session.

* Another option has been added for worksheet header lines, for prescribed fire planning.

* The Language option was eliminated. Portuguese was available in version 3, as an example of how a
translated version of BehavePlus could be developed. Due to lack of interest, the option has been disabled
for now.

* In version 3.0.2, the program sometimes ran slowly or not at all, particularly when installed in the default
directory of C:/SEM. This has been fixed in version 4.0.
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A

acceptable fire conditions 42

Worksheet section 19

attaching

custom fuel models 82
moisture scenarios 85

axis origins 49
axis scales 48

B

BasicStart.bpw 15
bmp 73
borders

Worksheet 10

bpf 84
browser, using a 74
Button

C

Choices 33, 89

Convert 97

Export 95

first page 71

Guide 15, 31

Initialize from a Fuel Model 81
last page 71

next page /1

Options 23

previous page /1

Calculate Results dialog box 35, 36, 45, 46, 47,
48, 51

capture 73

cascade display 72

changing a Worksheet 22

check box

Contain Status 69

Display Graph Results 45

Display output distances in map units 91

Display table results 35

Fire Characteristics Chart 63

Fire projection documentation 17

Fire Shape Diagram 66

Shade alternate table rows 38

Show description for all discrete variable codes
18, 19

Show descriptions only for entered discrete
variable codes 18

Slope Elevation Change 90

Slope Horizontal Distance 90

Slope Steepness 90

Table shading for acceptable fire conditions 19,

Training documentation 17
Wind/Slope/Spread Direction Diagram 59
Choices button 33
civil dawn 98
civil dusk 98
clone Workspace 101
colors
graph 56
Contain Status check box 69
containment shape diagram 69
continuous variable 13
entering 31
contour interval 91
Convert button 97
create
custom fuel models 81
moisture scenario 87
Workspace 101
curve points 58
custom fuel models 80
attaching 82
creating 81
FARSITE format 84
saving 81
set selection 82

D
decimal places 93
DefaultDataFolder 101
define
custom fuel models 81
moisture scenario 87
delete
files and folders 104
dew point temperature 96
diagram 59
containment shape 69
fire characteristics chart 63
fire shape 66
image 73
Wind/slope/spread direction 59
dialog box
Appearance Options 20

Calculate Results - see Calculate Results dialog

box
Error 75
Fine Dead Fuel Moisture Tool 95
Fuel Model 82
Fuel Model Export Selection 84
Graph Limits 52
Input Guide 13, 31
Module Selection 23, 41
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Moisture Scenario 85, 86
Mortality Module Options 24
Relative Humidity Tool 96
Save as 103
Select a Run 102
Select A Units Set 93
Select a Worksheet 21, 81, 102
Sun-Moon Calendar 98
Surface Module Options 90
Units Editor 93, 94
Directions tab 59
discrete variable 13
codes 18
entering 32
Display Graph Results check box 45
Display output distances in map units check box 91
Display table results check box 35
documentation section 16
dynamic fuel models 79

E

entering input variables 31
error checking 75
example Worksheet
OStartup.bpw 22
BasicStart.bpw 15
FuelModeling.bpw 81
SurfaceBasicFrom.bpw 16
expanded fuel models 77
export
custom fuel models 84
fine dead fuel moisture 95
HTML file 73, 95
spreadsheet 73
table output 73
text file 73
Export button 95

F
FARSITE 1, 84
file
Custom Fuel Model 84
HTML 73
image 73
spreadsheet 73
tab delimited text 73
file extensions 12, 102
bmp 73
bpf 84
fmd 84
html 73
ipg 73
png 73

file management 101

Index

file structure 12, 101

Fine 95

Fine Dead Fuel Moisture Tool dialog box 95
fire characteristics chart 63

Fire Characteristics Chart check box 63

Fire projection documentation check box 17
fire shape diagram 66

Fire Shape Diagram check box 66

first page toolbar button 71

FlamMap 1, 84
fmd 84
folder
description 104
new 103
folders
delete 104
Fuel Model
dialog box 82

Input Guide 77, 82
Fuel Model Export Selection dialog box 84
fuel models 77
attaching custom sets 82
create custom 81
custom 80
definition 13
dynamic 79
expanded set 77
FARSITE format 84
palmetto-gallberry 78
parameters 81
Save as 102
save custom 81
set selection 82
standard 13 77
type 79
fuel moisture correction 95
fuel parameters 81
FuelModeling.bpw 81

G
Graph Elements tab 53
Graph Size tab 53
graphs 45
appearence 53
axis scales 48
colors 56
curve points 58
image 73
limits 52
line widths 57
title 54
two variable 46
X-axis 49
Y-axis 50
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Guide button 15, 31
definition 13

H
HTML file 73, 95

image 73
Initialize from a Fuel Model button 81
input codes 18
Input Guide dialog box 13, 31
Fuel Model 77, 82
Map Representative Fraction 89
Moisture Scenario 86
input section 17
input variables
entering 31
linked 34
multiple values 31, 32
ranges 31, 32
installation
Windows 11
invalid input 75

J
ipg 73

L

last page toolbar button 71
line widths
graphs 57
Linked input variables 34
live herbacous moisture 79
loading
custom fuel models 82
fuel models 77
moisture scenarios 85
Run 102
Worksheet 21, 102

M

map
applications 89
distances 91
representative fraction 89, 91
scale 89
Map Representative Fraction dialog box 89
Model
definition 13
Module Selection dialog box 23, 41
Modules 23
definition 13
input options 24
linking 23
output options 28
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moisture scenario 85
attaching sets 85
define 87
save 88
Save as 103
using 85
viewing 86
moon-rise 98
moon-set 98
Mortality Module Options dialog box 24

N
new
folder 103
Workspace 101
next page toolbar button 71
NEXUS 84
notes section 20
number of curve points 58

O

Operation 7
Options button 23
output variables
tab 59, 63
output variables section 19
outputs
diagram - see diagram
graphs - see graphs
image 73
map distances 91
table shading 41
tables 35, 36, 43
two way tables 36

variables 28, 41

P

page buttons 71

page header section 16

page tabs 20

palmetto-gallberry 78

png 73

prescription window 41
previous page toolbar button 71

print 73
R

range of acceptable fire conditions 42
reference fuel moisture 95
Relative Humidity Tool dialog box 96
Run

definition 12

delete 104

load 102

Save as 102
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run option notes section 19
RXWINDOW 41

S
Save as 102
custom fuel model 82, 102
dialog box 103
HTML file 73, 95
image 73
images 103
moisture scenario 88, 103
results 103
Run 22, 102
spreadsheet 73
tab delimited file 73
Worksheet 22, 102
screen capture 73
sections - see Worksheet sections
Select a Run dialog box 102
Select A Units Set dialog box 93
Select a Worksheet dialog box 102
set selection
fuel models 77
moisture scenarios 85
units 93
Shade alternate table rows check box 38
Show description for all discrete variable codes
check box 18, 19
Show descriptions only for entered discrete variable
codes check box 18
size, window 71
slope
from map measurements 89
Slope Elevation Change check box 90
Slope Horizontal Distance check box 90
Slope Steepness check box 90
spreadsheet 73
standard fuel models 77
Startup Worksheet 22
steepness
from map measurements 89
sub-models
list 7, 10
Sun-Moon Calander Tool 98
sun-rise 98
sun-set 98
SurfaceBasicFrom.bpw 16
system requirements 11

T
tab delimited text file 73
table shading
for acceptable fire conditions 41
for readability 38

Index

Table shading for acceptable fire conditions check
box 19, 41
Tables
appearance 38
multiple pages 38
output 35, 36
row shading 38
saving 73, 103
tabs
Directions 59
Gragh Size - see Graph Size tab
Graph Elements 53
Graph Size 53
Output variables 59, 63
Outputs 90
page 20
tiled display 72
time
civil dawn 98
civil dusk 98
moon-rise 98
moon-set 98
sun-rise 98
sun-set 98
title
graphs 54
toolbar button 14
first page 71
last page 71
next page 71
previous page 71
tools
Relative Humidity 95, 96
Sun-Moon Calendar 98
Training documentation check box 17
two variable graph 46
two way tables 36

V)
units 93
custom set 93
decimal places 93
English 93
metric 93
Units Editor dialog box 93, 94
\/
variables

input-see input variables
output-see output variables
view size 71
viewing
fuel model parameters 82
moisture scenario 86
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w

web browser 74
wet bulb depression 96
wet bulb temperature 96
Wind/Slope/Spread Direction Diagram check box
59
Window 72
cascade 72
size 71
tiled 72
Windows installation 11
Worksheet 15-22
borders 10
definition 12
delete 104
editing 22
example - see example Worksheets
extension 12
layout 15
load 21, 102
Map section 90

Save as 102
saving 22
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size 71

startup 22
Worksheet sections 16

acceptable fire conditions 19

documentation 16

input 17

notes 20

output variables 19

page header 16

run option notes 19
Workspace 101

clone 101

definition 13

new 101

X
X-axis 49
X-axis origin 49

Y
Y-axis 50
Y-axis origin 49
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