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Abstract

Andrews, Patricia L.; Bevins, Collin D.; Seli, Robert C. 2005. BehavePlus fire modeling system, version 3.0:
User's Guide. Gen. Tech. Rep. RMRS-GTR-106WWW Revised. Ogden, UT: Department of Agriculture, Forest
Service, Rocky Mountain Research Station. 134p.

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 factors, 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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Cover Art
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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 and provide comments through the
BehavePlus web site, http://fire.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

USDA Forest Service

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

Boise, ID 83705

(800) 253-5559

fire_help@dms.nwcg.gov

What’s New

Version 3 is an upgrade to version 2. Several major new features have been added in version 3.
* Crown fire modeling
* Table shading for acceptable fire conditions (replaces RXWINDOW in BEHAVE)
* Calculating wind adjustment factors
* A expanded set of standard fuel models

A complete list of version 3 changes can be found in Appendix A

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 and Bevins 1999).

This document describes 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),
NEXUS fire hazard tool, and the FlamMap fire behavior mapping and analysis system. Each system meets a
different need. The same surface fire spread model (Rothermel 1972) was used in each case. These three
programs and supporting documentation are available through www.fire.org. Shown below are example outputs
from each system.

Sample table, graph, and diagram output from BehavePlus:

Flame Length (ft)
Fuel Midfatne Wind Speed (upslope)
Idodel mith
0.0 5.0 10.0

2 2.5 6.5 11.2
5 0.2 2.5 3.8
3 0.6 1.3 2.0

12

Fuel Model

10—
g 5
= _
an
g
= B
LE)
E |
F 4—]

a— 2

0 l | I | l | l | I | I | l | l | I | l

0 1 2 3 4 5 6 7 8 9 10

Midflame Wind Speed (upslope) (trth)
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Perimeter 214 ch
Elapsed Time 2.0h
Direction of Maxirmum Spread (from north) 294 deg
100

Rate of Spread (maximum) (ch/h)
LA
[

IRELY) o

0 | | | | I | | | | | | | | | I | | | |
0 200 400 600 800 1000 1200 1400 1600 1800 2000
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Sample fire perimeter output from FASITE:

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 3.0, which
provides additional models and features. A summary of versions 3.0 changes is given in Appendix A.

The primary modeling capabilities of BehavePlus, version 3.0, 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

* Dynamic palmetto-gallberry fuel

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

* Sunrise, sunset, dawn, and dusk at any location or date
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
* Photographs and a key for the standard |3 fuel models
 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

* User interface language can be changed (currently English and Portuguese)

4 USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2005
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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.

i Back =» Frwrd | o Home | &5 Index

Fireline Intensity

Short Description

The heat energy release per unit time fom a ene-foot (one-meter) wide section of the fiel
bed extending fromm the front to the rear of the farming front,

Direction
of fire
spread

Input to Modules

¢ SCORCH, £ SURFACE iz not also selected and if Fire intensizy ic eniered as
fireline infensity 1z selected az an iput option,

Output from NModules

* SUEFACE

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2005
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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 3.0.0 - [DStartup] BehavePlus 3.0.0 Module Selection

Units 3 Surface Fire Sprea
Optlons
Fuel model set selection SURPACE)

N
||E|'

moisture Scenario set selection Safety Zone P
Appearance E BehavePIus 3.0.0 Surface Module Dptlons
Language 3

Wind | Directions | Sloj

Fuel iz entered as
& fiel models.
o fuelparameters

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. 2005 7
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BS BehavePlus 3.0.0 Appearance Dptions =] E3

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

- Back | » Frwrd | A Home | o Index

v Display the page tab

| v

Tabs per Pagd

Page Tab Options

Tab Posttion

—

Tab Test ‘Wr
8
Tab Text Color IBlack 9 v[

Short Description

j f Thiz page controls the appearance of page tabs on BehavePlus pages.
Tab Font Size Gray Tou can configure BehavePlus to display a page fab along the right margn of the
Eed | | | page. This is usefil, for example, to identify runs for a particular fire or training
Green session which are subsecuently bound in a 3-ring binder or stored in filing folders.
™ Picture
Blue
) Annearances (T oanhrale LI
Ilagenta
Cryan
Vellow Ok | Cancel |
Dark Fed
Dark 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. The Tutorials include more complete screen captures.

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

8 USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2005



BehavePlus v3.0 User’s Guide Operation

2.2.2. Highly Configurable

BehavePlus is meant to be the repository of many current and future 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. The language displayed on Worksheets and output pages may be changed.

BehavePlus may be used for fire behavior training, for fire planning, or for real-time fire behavior assessment. It
may be used to assess just fire behavior, or just fire effects, or the link between them. It may be used to build
custom fuel models, to determine astronomical events, or as a units conversion utility.

2.2.3. Self Documenting

The brooding step-brother of configurability is complexity. Because BehavePlus is so highly configurable and may
be used by people in various roles for various purposes, it strives to be self-documenting in an attempt to
thwart entropy. 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 contains a notes field for free-field entry of expository text.

2.2.4. User Manual and Help

BehavePlus tries to provide pertinent information to you when you need it the most. The Guide Button E next
to each entry field opens a dialog box containing a help browser pane with suggested or valid inputs. The help
browser pane describes input and output variables and program operation. The browser provides tables,
photographs, and figures to help you select inputs.

In addition, this User’s Guide is available as part of BehavePlus with the Help > Program help 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. Just in case all the complexity, configurability, widgets, dialogs, models, diagrams, tables, graphs,
browsers, and quirky behavior aren't enough to hold your attention, here and there we've inserted some
paintings we rather enjoy to ease our weary eyes.

If you, however, prefer the gray approach, you can eliminate the pictures for the entire session by clearing the
Show picture pane check box on the Configure > Appearance > Application tab.

B Behaverus 3.0.0 Appearance Uptions =] 3

| Gregh Size | Graph Bleente | Page Tabs | Tales | Workshest |

€ Sak |li Frd |{K_r Hoxe |@ Index |

W Zhiow b=l pane m Applica[iun -
§ === Appearance

g, Options

Border Color | Back 'I
Short Description

EcrderiWidth |1 3: Tais page contrels he appearance of the picture pane,
help pane. and pag= border in all the BehewePlus

docurents that are epen iathe appicaten The
options vou et on s tab page are pressrved
WV Eichie ~ Help between BehaveFlus seasions.

- ; il

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

BS BehavePlus 3.0.0 Ignition Module Dptions =] E3

& Back | » Frwd | 1t Home | &5 Index |
Probability of Tgtition Probability of
i3 . fgn
from a Firebrand Ignition from a
Firebrand
Probabaity of Ignition
from Lightring
Short Description
The probabdity of ignition 12 an mdication of the
: chance that a firebrand will cause an ignition. The
: @ W Help number of firebrands, their size, and the fiuel on
| M rrdict Hharr land in swlesacrmn Thavafrea Hhava in LI

Cle | Cancel |

2.3. Features

2.3.1. Fire Models

BehavePlus contains models to estimate

* surface fire spread rate, intensity, flame length, scorch height, and direction of maximum spread
* surface fire spread rate, intensity, flame length, and scorch height in any compass direction

» crown fire spread rate, critical thresholds, and fire type

* transition from surface to crown fire

* fire shape, area, and perimeter

* spotting distance from a burning pile, from torching trees, or from a wind-driven surface fire
* success or failure of suppression resources to build line around a fire

* recommended fire safety zone radius, separation distance, and zone size

* fire-induced tree mortality

* probability of fire ignition from firebrands

* probability of fire ignition from lightning strikes

* relative humidity or dew point temperature

* midflame wind speed and wind adjustment factor

* fine dead fuel moisture content

* sun-rise, sun-set, dawn, and dusk at any location or date

* palmetto-gallberry dynamic fuels

* create and save custom moisture scenarios

* weighted fire behavior within a two fuel model complex

10 USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2005
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2.3.2. Operation
BehavePlus has the following operational features:

* BehavePlus is cross-platform and works identically on all versions of Windows and Linux.
* 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 toggled on/off via the Configure > Module selection > Options... >
Output Variables tab.

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

* All 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 > Program help makes this manual and all associated documentation available in PDF format for
reading, web browsing, and printing.

* The user interface language may be dynamically changed via Configure > Language. Portuguese (Por-
tugal) is currently available in version 3.0.0. (Contact cbevins@montana.com if you'd like to volunteer to
add support for another language).

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

2.4.1. Download

BehavePlus is available for download from www.fire.org. Simply follow the BehavePlus links to the download
page and select the Windows installation package.

You should check the downloaded file size against the original to ensure you received the entire package. To be
absolutely certain the package arrived intact, use the md5sum program from a command line prompt:

» md5sum bp_3 0_0.exe

If the resulting 32-digit hexadecimal number is not identical to the one published on the BehavePlus download
page, your download copy is corrupt.
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2.4.2. System Requirements
BehavePlus has modest system requirements met by the most inexpensive computers available on the market:

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

* 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_3_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.

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.

Feldars =
= | 3= 13efluss ;l
O [ DefadtCeta™scer
I:IJ CaphLra=acar
J Myooreeni_aptures
-1 cnmrnserFal
[m] J Tuelkiodelrold=-
L M=z Madeks
(2] socaltorz
FI-C0 Mnkeire=rer s cFrider
L Fustvucediog
o [ Myvcishradzenarios
L et
=1 punkolds
] Framnerins
s
] Soluions
I:IJ UnizsSetFoldet
w0 My nrseers
BT wirbsheetFler
¢ [ Cramoewiorksheets

L Mporlehocts
-2 Lockclder
F20 enis
S
-] GeoFoldz
-3 IvzceFclder

# ] -zrsred ;I

]

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

We recommend that you use Workspaces to aid file management as you apply BehavePlus to several projects.
See the section 20.1, 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
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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, units of
measure, and diagram/table/graph options. Thus there are a large number of possible Worksheets. Some
Example Worksheets are supplied with the BehavePlus distribution and are included in every Workspace. You
may reconfigure BehavePlus as needed for any purpose, then save its Worksheet for later reuse. Functionally, a
Worksheet is a BehavePlus configuration that does not have any input values associated with it.

A Run is a Worksheet that has a complete set of valid inputs, but no outputs are saved in a Run. You must
calculate a saved Run to obtain outputs. Any given Worksheet may have an infinite number of Runs, each
determined by its input values. Runs may be saved for later use and review. The BehavePlus installation includes
Example Runs.

A Model is a set of equations that estimate one or more output variables from one or more input variables.
While BehavePlus contains many models, you will more commonly see references to Modules, which are
collections of models.

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 Models that can be activated/deactivated by the user during
Worksheet configuration. Selecting 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 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, Spotting Source Location, and
Tree Species.

A Guide Button 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 a large number 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 zero or more 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
corresponds to a single BehavePlus project, and each BehavePlus project should have its own Workspace.
Workspaces are created by the File > Workspaces > New workspace and the Files > Workspaces >
Clone current workspace commands.

2.6. Menus and Toolbar
All BehavePlus operations are available from the menu bar.

"_",BehavePIus 3.0.0 - [unnamed0Zz.bpr]
[ File Wiew Configure Pages MWindows Tools Help

o=@ aS00 €
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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
K Open a new Worksheet | File > New
= 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 > Program help
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3. Worksheets

A Worksheet is a form on which you enter input. Worksheets vary in
appearance and content in response to the current module configuration: a
SURFACE module configuration requires different inputs than a SPOT module configuration.

Module selection, input options, and output variable selections determine BehavePlus configuration, which in
turn defines the Worksheet appearance and content.

BehavePlus 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.

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 sections:

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 >
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 > 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 for training or fire projection applications are optionally
activated on the Configure > Appearance > 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 some of the 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 > 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 > Worksheet tab.

3.2. Example Worksheets

A number of predefined example Worksheets are included with the BehavePlus installation in the
ExampleWorksheets folder. Descriptions of the example Worksheets are described in Appendix D. You
may use these Worksheets as provided, or use them as starting points for your own configuration. Use the File
> New command to open an example Worksheet and proceed to change your module selection, input options,
and/or output variables as needed. Once BehavePlus 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 and
BehavePlus is configured as expected.
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Shown below is the SurfaceBasicFrom.bpw example Worksheet:

p.ﬂgBehavePlns A0.0 Paze 1
s "\_\
Mauacules: STRFACE
Lescrghen H |
FuelVegetation, SurfaceUnderstory
Fuel Model B [
Fuel Moislure
1-a2dcizre e [
13-k Modstar= % |
1720 Woistiar %6 |
Live Ilerbazeous Moisture i |
Live Weody Muoistue i a |
Weather
Kedflams Wind Epesd mh B |
“Find Zrirscton (frorm north) deg a |
Terrdin
Slowe Steepasss % a |
Aspect (Fom norh deg [
Bam Option Notes

Caleulations are ondy Eor fle dirscton of masivnn spread STUEZ7ACE]
Fircline wtznatty, Jarae lengh. ard spread distancs asc ahway:

for fhe direction of the spread caculations [STULRTATT]
Wind an¢ sprcad decetons ars dogrees clockwze tom rorth [ ZURRACE |
Wind drechor 13 tac drecaen tom whack the wind 13 blewe SUE=ACE|

DOulpul Variables
Swface Bate of Spread [maerovsn) (chi) [STTEFACE]
Heat per it Area (Bruif2) [STIEFACE.
Firelne Tnlensily (Buul i) [BTTRF&CE]
Flane Targth (3 "3RS ACE]
Cieztion of Mazima Spread ificm 2oty deg) [ STEZTACE]
Maz Bf Wond Euceeded? [STREACE.

\ {condmcd onnzst pasc) /,J

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.

b Belaveblas 5000 Idon, boow 01, 2004 a2 14 2457 Faze 1
-~ .,
¢ *
| |

3.3.2. Documentation

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

p.ﬂgBehavePlns 0.0 Fage 1l

¢ \'\
Modules: SURFACE

Teesiiplion ﬂ I
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— Fire projection Additional documentation lines can be added by selecting the Fire projection
documentation documentation and/or Training documentation check boxes from the

F Tramine documentation  CONfiQUre > Appearance > Worksheet tab.

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

?:gBel’.avePlns 0.0 Fage 1l

p 8,
Modules: SURFACE

Teesiiplion ﬂ I

Firre Wemne [
Fire Thals 8 P-oge diom Parond [
Fire Arridysl. [

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

?:gBel’.avePlns 0.0 Fage 1l

p 8,
Modules: SURFACE

Teesiiplion ﬂ I

Traimm g Cenrere

Tramm g Faear s

Trame= Tane an:d Diae

A

|
|
|
Both options 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 the 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 Appendix B.

_:.FgBahﬁve?lu: ERVNY) Pag= |

' ™

Modulezs: SURFACE
Drecctiston H |
FuelVegetation, SurfaceUnderstory
Fael IMacel
Fusl Moisture
. h hsisture
“U-h Messtue
TUC-h B ocshare
Leve Hetbaczcus Becshare

—

-0

AR AR R

prree =

B

=

Love "W oody Maoamre
VW eather

Iidflane Wnd Speed usslope’ rwl
“Lerrain

=2
=

Swpe Steepnsss
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3.3.4. Input codes

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.

Fire projection
documentation

[~ Training documentation

Zhow descriptions for all
- .
discrete variable codes

how descriptions only for
entered discrete vanable code

Show output variables
to be calculated

[~ Show notes section

Metes Lines 4 =

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.

@B:hai’c.’lus 00 Fr, ez 29, 200L gf 120002 L'agz 1
e ™

Modnles: SPOT
Deceticton H [fuput Zode Ezaxple
FuelVegetation, Overstory

Claneoy Haighs i3 H 07
Tres Zeight i3 H 01
Soot Trce Sporiza a AF &=

ABI2AL: Abies basarea (Balsam )
ABLGRA Abizs graacas (Urard fir)

ABL AL Alees lasocarse (Zubalpne fir)
PLEERNG Loca cogemeann (Engclman spracc)
PLyiobe: s eorterta iLedgopele prac)
PLY=CH e cohonsta [ shortleat pae)

LIy =L s eliettn (Slezh panc)

DL AOR: Preus mentiesla (4 2stern white panei
PLI2AL: Pinas palusaus (Loagleaf pice?
PLI2OH: Pams ponderosa (Pondsrosz plae)
PLISER: Puums servcing (Fond 2inz)

PLITAL: Pinas taeda _obiolly pue)

PIEMEN: Feendetsuga reczizsu (Tonglas-fis)
TITILET Tsuga ast=roplerla (WFest=ra hamiocs)

DEI i B =
W cather
N-R Wind Speed il a |1e
Terrain
Fidap-to-Valley Elevatior DT e n g | Lcoc
FRidap-to-Valley Herzonba Thstenee nr | L
Saollmy S e Tanlion = |p_I, ML
ET Sudee Top:
WA Wuclslepe, Wi dwind
B Valley RBolloan

. Wiclslepe, Tornear:d
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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.

@Baha\'e?lu; 200 Fr, Qe 29, 200 a0 1200032 Fag= 3
4 ™
Discrete Variable Codes Used
Iipul Code Exarnple

Soot Tree Specizs

ALCLAZ Aibces lazacarne (Subalpone fir)
Soettng Sovrce Location

HI Zidge Top

HL Midsiepe, Leewsrd

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
Surdacs Jate of Spread razieuam) (ckh) — |D .0 - |D .0
F.are Leasta (= |D .0 - |D .0

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.

Eim Oplion Moles
Calculations are only Eor the dirscten of masimwn epread STTESACE]
Fireline int=nsiry, darme enwh, ard spread distancs ae ahwaye
for the direction of the spread caculstions [SUEFAZI]
“Wind ane spread deections ars degrees cloclwise From rorth [STTEEACE .
“Wind direction is tae direcsicn fom whick the wind iz blewine "STTESACE]

3.3.7. Output variables

; Selected output variables and their units can be displayed at the end of the
whow output vanables input Worksheet using the Configure > Appearance > Worksheet
to be calculated tab. The module calculating the output variable is also listed in brackets.

For example:

Output Variables
Saacs datc of Bpread ircazraar) (chh) SO BEACE]
Heat ooy Unet 2rea (Bl SUE-ACE]
Frclne Irterery (Bt [BUREACE|
Fate Leagth () [SUEFATS)
LIhreeaen of Mezmam Spread ifrora north) (deg) [SUBFATZ)
I S5 Wirnd Baccedoe? SUESACE]

(Contianed on next page) Ji
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3.3.8. Notes
The Notes section of the Worksheet allows the user to enter a large
W Show notes section amount of text associated with a Run. The user has the option of changing
the number of lines provided for notes or even eliminating the notes section
Motes Lines |4 : on the Configure > Appearance > Worksheet tab with the Show
notes section check box and the Notes Lines spin box.
3.3.9. Borders
The border color and thickness on the Worksheet and output pages can be
Border Color | Black *| changed on the Configure > Appearance > Application tab using the
Border Color drop-down list and the Border Width spin box. The
— border can be eliminated by entering a Border Width of 0.
BorderWidth |1 El'

3.3.10. 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 > Page Tabs tab.

B3 BohavePlus 2.0.0 Appearance Options Hi=1E3

Lopleation | Orzph Sz |Gmph Zleanenss | Lage L'akz ITab]cs Werdshess |

- Eack | = Frwrc | T Home | = Indes |
W Tizzlay the page tat R -
Tahs per Fagz |4 Ev ﬁ Y S Page Tab Options

Tak Poatien |2 = —“‘é

-

Tak Texm Eazmzle 2

Tate Tooe Cotor

Short Description

This page controls the apparance of page tass o DehaveFh: pages.

Tak Foat Sme |72 = Tov zar configars BehaveElis to display a page rad slang the right iergin of the
page. This iz gsefa, for example, to idsntfy rnz: for a paricular fire or raining
scaaen whick arc sisacquently soeund o a S-rng binder o 3zercd i Hing bolders,

™ Pl 7 Ay

Appearance Controls B

Uk Cencel

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 BrtrnePlus 300

Fage 1
-~ \'. o —
Modules: STRTACT.
Description H I
FuelVegelalion, SulfaceTudeslory 53
FuzlLiadel a |'_ E
Fuel Moisture =
1-h Wuishrr h a I &2
10-3 Wiz e » H |
100-k Muoistas e a |
Lve Herbaccoe Messtars +o a S
Lric Wocdy Mosture o a
Weather
IAclame Wind Speed (upslone) b a |
Terrain
Slap= Steepnes: 2 a |
Fire
Flepse:d Tine h a I
Iiap
Iap Zepreszntabie Tracon (1) a |

3.4. Loading a previously saved Worksheet

A previously saved Worksheet can be loaded using
¢ the File > New command,

¢ or the 0O toolbar button.

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

To select a Worksheet either

¢ double click on it,

e or select and click the OK button.

Worksheets

A set of Worksheets is supplied with the program in the "ExampleWorksheets" folder. A short description is

given for each. See Appendix D for further description of the "ExampleWorksheets".

Ay Nehnw =Pl TLILD Select B e kesher b

MR E

W oreshest | Filez | Drescriptics

[Lact ModiZed

[3'&1 Fasarnle ' orksteele Slanda) BebaeFlus worksheels

Th Dol O 2

- 3OS tartup by
- 5 Bl S tew
&% TneLduclelng, b

Suufac = fire, fue. moclelng,

- &5 Slopeldap bpwr Hlope cale Zot map me zsuwesenty
F SufaceDazic. by Sanfac = fire in

- &5 SwrfaceBacicFrom by
= g S faue D1 s bpee
- 3 Smfarehdap bpw

3 Burliave Su et Motlab by bpwe
- % Smfare S pie bpa Sarfar- fire: 2
- EF Burliave Spollpbe bpe Spoln
| U W ok sh s > Ti-faml -z swredsh

Wnd direczon o
Sulavziacem e sl & spoeas

Sarfar- spread -~ ap appl ratiss

Laniczof anedels, swoeadd dmeclic mpu.

- wei-diezn s aaoe Lt

Sefacs fire spoesd upslope i the wad

FElans wersshe-t, defact iizalicatisne =-glizh

of maze spread DIRZITY

ipln naan, opalan s apread with th- wind Ten Sep 20 072

)

Tdon Sep 20 0725

don Sep 20 0775 |
Ll e 2000725 5 200
Idon Sep 20 07

Lo Sep 20072
don Sep 20 077
The ol 7 0622
Tdon Sep 2007252
Ddon Sup 20 0740 26 2U0q

I~ Fi-tre:

o el |
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3.5. The OStartup Worksheet

The 0Startup.bpw Worksheet is a special case. It is used as the starting place for selecting calculation modules.
It shows no input or output variables, but it sets defaults for all Run settings as described in Appendix C. 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 just a Worksheet with the defined input values, with the File > saveAs > Run
command.

See the Section 20.4, Save As, for more specific information.
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4, Modules

Modules define a set of fire models for a Worksheet. Selection can be made
with the Configure > Module command.

The output variables that can be calculated by each module are given in Table 2 of Appendix B.

B BehavePlus 3.0.0 Module Selection M=

*Eack |mEwd |}

Surface Fire Spread . p— -
il @ ACE) Options. ¥ =

Module

Crown Fire |

" crowng M %‘g Selection
Safety Zone

I @aFETY) M

Size of a Pt Source Fire
r (STZE) Options Short Description
Fire Contanment Check those Modules you wish to activate.
(COMTATT) Options.
Indentation mdicates modules that can be lnked
r Efpefiiang IDlgitets Options together, with the output from one used as input
(SPOT) to the next
Crown Scorch
r (SCORCH) Options Press a Module's Options... button to configure
its input options or change the set of cutput
r i Wloriltny Options variables it calculates.
(MORTALITY)
Probability of Ignition Relative humidity 1s n.ot linked to any of the other
r (IGTTE) Options modules. Please run it as a stand-alone module
Links
™ Display output distances in map units
#* Variable Index
™ Table shadng for acceptable fire conditions # Fimurs Index =
# Table Index
¥ Picture ¥ Help -]

Ok Cancel

Indentation indicates that the modules 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, all required input is entered by the user. A
table of input variables and associated modules is given in Table | of Appendix B.

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

4.1. Input options

Some modules offer options on alternate ways of specifying input. Others do not. For example, clicking the
MORTALITY Options... button displays the "Mortality Module Options" dialog box with the Bark
thickness is input option:

B3 BehavePlus 3.0.0 MORTALITY Module Options M=

Output Vanables |

4 Back | wp Frwrd | 1t Horme | &> lndex |

@ specified on the worksheet

— -
Bark thicknessis ——————————— ;;“ Mortality Input Options

" estimated frem species and dbh.

Short Description

™ Picture v Help

‘ This page controls the MORTALITY Module's input options.

Fire-induced tree mortality s partially influenced by the amount of msulation =l

Cancel
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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:

?gBeha\'e?lus 00

Fag=1

MModules: MOETALITY

Diezenston a ||

FuelVegetation, Overstory
Tre=s Zeisht
Crewr Bacie
Ddotzadiny Tree Species
Eatle Thickn=ss

Fire
8w b Heaghil,

5.

N Eepe

=

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

?gBeha\'e?lus 00

Fag=1

K

Modulezs: MORTALITY

Y

Dezcrizton ||
Fudvegetation, Uverstory

Crever: Lacic
Moality Tree Species
DEH

Fire
Szerch Hogatb

3

(L A

i

The SURFACE module has many input options. For readability, they are available on several tabs:

B3 BehavePlus 3.0.0 SURFACE Module Dptions

Fuel & Motsture !

Wind Speed | Directions | Slope | Outputs | P-G Cutputs |

@ fiuel models
" fiel parameters
 palmetto-gallberry.

two fuel models,

2-dimensional expected spread.

two fuel models,
harmenic mean

two fuel models,
area weighted (like old BEHAVE)

~Fuelisenteredas—————————

~Moisture is entered by
@ mdiidual size class

 dead and live category.

" meoisture scenanio

I~ Picture ¥ Help

JH[=] E3

4 Back | ) Frivd | T Home | & Index |

.Q" N

SURFACE Module Fuel & Moisture

%‘2 Input Options

Short Description

This page controls the input of fuel and metsture parameters mto the SURFACE
Module.

Options

P Tuelis entered as
P fuel models.

Fuel models are prepackaged sets of fuel parameters representing stylized
fuel situations. Checking this button allows you to siraply enter fuel model
codes rather than a dozen fuel model parameters

This is the most common way of running BehavePlus as it greatly simplifies
nput. If you have special fuel situations, create a cusiom fuel modal and
uge it. A Fuel Model Key and photographs are available to help you select
one of the 13 standard fuel models

P fusl parameters

El

Cancel

4.2. Output Options

The desired output variables are selected through the Options... button associated with each module.The

selected output determines the input requirements. For example, input variables for the SPOT Module are
different for each spotting source.

24
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B3 BehavePlus 3.0.0 SPOT Module Dptions

= Spotting Distance from
Torching Trees

Spoting Distance from
a Bumning Pile

Spoting Distance from
a Wind Driven Surface Fire

I~ Picture ¥ Help

=] E3

FBack |#Frwd |{DHome |@Index |

m Spotting :
¥ == Distance from a
%‘z Burning Pile

Short Description

The mazximum distance that one can expect
potential spot fires resulting from firebrands from
the burning pile. The height of the flames from the
pile is an input, which is used to calculate the

lofting strength from the burmning pile -

Modules

Pause the mouse over the name of an output variable to
see its description in the browser pane. For example, a
pause over Spotting Distance from a Wind
Driven Surface Fire in the SPOT Output
Variables tab results in this browser pane.
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This page blank on purpose.
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5. Entering input

There are several ways to 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,
selecting 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

I8 Behaveplus 3.0.0 Input Guide B Valid input ranges can be viewed in the “Input Guide” dialog
4 Back | wp Frwrd | 1t Home | & Index | bOX.
ST 5| Single values are entered in just the From text box and a
0.0 - 60.0 mifhy i i .
¢ 1§ T Midflame Wind second value can be entered in the Thru text box.
Frorm |0 A Speed
Thre |20 — For continuous variables the “Input Guide” dialog box allows
Step |5 definition of a range of values by a constant increment. For
Short Description example, midflame wind speed from 0 to 20 mi/h in steps of
The swind speed that exiots at midlame height 5 enters 0, 5, 10, 15, 20 on the Worksheet as shown below.
abowe the fuel bed. Midflame 15 often called
I~ Picture ¥ Help eye-level -

[0]:4 I Clear Cancel |

FuelVegetation, Erfacm‘Umlerstm}'
Fuzl 2ondel |
Fuel Moislure
1-h Moisture % B
10 2 Meizmre o |
10 & Moistars % E
Lve Hetbacestus Moistars ¥ a
Lric W acdy Motsture o a
Weather
Iicflame Wnd Speed tupslose) i a 0.0, =.C. 1C.C, 1=.C. 2C.C
“Lerrain

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
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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"

BehavePlus v3.0 User’'s Guide

dialog box. The Ok button enters the selected fuel models on the Worksheet.

BS BehavePlus 3.0.0 Input Guide

Sort | Value | Description

Qs & Dormant brush, hardwood slash
007 7 Southern rough
Closed timber litter

oo 8

Medium logging slash

Heawy logging slash

Short, sparse, dry climate grass (D)
7 D)

[_[o]x]
4 Back | m Frvd | 1t Home | &> lndex |
Y Fuel Model
Short Description:

A fuel model is a set of numerical values that describe the fiel inputs for a
mathematical model that predicts spread rate and intensity. There are 13 standard
fire behavior fuel models (Anderson 1982).

Input to Modules

a3 Low load, very coarse, humid climate grass (D)
104 ged Moderate load, dry climate grass (D) ¢ SURFACE, Fuel is entered as fuel models s selected as an mput option.
103 g5 Low load, humid climate grass (D) Output from Modules
106 gré Moderate load, humid climate grass (D) -
* Ione
4 B
When Fuel is entered as fusl parameiers 1s selected as the input option for
™ Picture v Help SURFACE, the assigned parameters can be saved as a custom fuel model.

=]

Clear Cancel

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.

BS BehavePlus 3.0.0 Input Guide

4 Back |»Frwd |ﬁ}Home |@Index |

(0-120%)

38—

Slope Steepness

as either percent

¥ Picture ¥ Help

o |

Short Description

Maximum steepness of the slope. It is expressed

input option that is selected.

Note: This is not necessarily the slope steepness x|

or degrees depending on the

Cancel |

Clear | @

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

28
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After selecting values in the “Slope Steepness” dialog box, clicking Ok enters them on the Worksheet.

BS BehavePlus 3.0.0 Slope Steepness

=] E3

LT I [ 2

P W
M Slope Steepness
\ =

Short Description

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

Ole Cancel

selected.
v Pictwre ¥ Help
Note: This is not necessarily the slope steepness in the |

5.4. Linked input variables

When using the CONTAIN module, with the multiple resources input option selected some, input

Entering input

variables are directly associated with each other (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.

E Eekawelblas 3.0.0

Tue, ITew 02, 200 st 0741500 Faze |

I

Modulcs: CONLAIN

Leseription a |3 crews, single calevlczien

Fire
Surfaze Bate of Spread [masztoten) chrh a [1o.0
Fire Size at Repors = [ [0s
Lergtk-to-TWidth Ratic > NE
Suppression
Supprezson Tactic a [Heaz
Line Conzruction DHet ch a [

Eesowcs Tane

Resourcz Linz Produstion Ratz chrh a |10 20 15
Resowres dirival Tire Bl [0.0, 0.5, 2.0
Fesouroz Juration b a [555

a |erewl crew? crew3

Eim Oplion Moles

Supprezsen imput is for multple rzecurces PODLTTATET],
for eack rascurce, identfied by 1 Xesoarse Mams, a single wahee
15 zpezified o each resowee item Jins producticn rat=s, etc).

mBel’.avePl'Js 200 Tue, ITew 02, 200 st 0741500

Faze 2

o

3 crews, single calculation

Lame frorn Sepott .4 h
Coatan Statuz Contalncd
Torlamend drea 5.2
Sirelin= Coastmezed 26,68 ch
STuaber of Rescurces Teed 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 BehavePlus 3.0.0 Calculate Results M= E3

Tables
< W Display table results )

™ Display graph results

™ Specify graph Y asis limits

Cine nput variable has multiple values:
* Whidfame Wind Speed

It prowides the table's row values.

The cutput vaniables are the table's column values.

|

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:

gﬁrhmﬂp]us 300
o~
Muodnles: ST7ZF

LET

Weather
Effective Wind Spzed
Fire

Flapsieel T

Lescrigtion H |Sir.gl-'= relues exeuple

Swfaze Bate of Spread ‘macerosn) chih [1u

w5

v

Lam Option MNotes

Foae

Output Variables
Mrea Jaz) [FIZE]
Periweter (chi SIZE]

Fg EetaveFlis 300

Tue, Hew 02, 2070 ar 08:45:55 Fage 2

7
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6.2. Table output

BehavePlus v3.0 User’'s Guide

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:

m BehavePlus 3.0.0

Tue, Mow 02, 2004 at 08:45:55 Page 1

Modules: SIZE

Description a ITahle output example
Weather

Effective Wind Speed tnith a |5
Fire

Surface Rate of Spread (masimuen) chh a |5, 10, 15 )

Elapsed Time —'ﬁ
?gBeha\'e?lus ann Tve, Maw £, 2004 at 13:55:5 Fag= 2

%

Table culpul exarrple

kO3 Fire Fice
[EraTrain Srea Fertmetar
chh i ch
50 1.u 4
122 3. 23
152 B.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.
b =8 BehavePlus 3.0.0 Tue, Mow 02, 2004 at 08:59:54 Page 1
Modules: SIZE
Description a |TWO—Way table output example
Weather
Effective Wind Speed mih B [5
Fire

Surface Rate of Spread (maxmum) ch/h a |5 , 10, 15

<

Elapsed Time h HID.S, 1.0, 1.3, 2.0

¥ Display table results
— 3elect the Table Eow Vartahle —

the Run.

& BRate of Spread (mastdmm)
¢ Elapsed Tine

™ Display graph results
— Select the 30-Axis Variable ——
& BRate of Spread (mastdmm)

¢ Elapsed Tine

™ Specify graph Y asis limits

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

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

32 USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2005



BehavePlus v3.0 User’s Guide

r-_gj Eekawelblas 3.0.0

Tue, ITew 02, 20V at D%5:26

Faze 2

I

T
rax)
il
an
L
15

%Behz.ve?lu; 00

Two-way table cutput example

Area (ac)
Elapoed Tie
h
a5 110 4
n.z 1.n 27
1.0 3.9 §.7
dod B.Y 14.¥

Tuve, Blom £2, 2004 at 034556

LE &

2.l

Fag= 3

K

ROS
(s
ch'h
50
(W)
122

W Dhzplay table results

Zelect the Table Eow Variable

" Rate of Spread (masmom)

& Elapzed Time

™ Dhsplay graph results

Two-way table output example
Perimeter (cl)

Laps=c Tin=
h
05 1.0 1.5
E 1z 149
1z 25 =
s 37 th

Zelect the - Az Vanable

 Bate of Spread (masmom)

" Elapzed Time

™ Zpecify graph T asas lits

@ EetavelFlas 3.0.0

Tue, ITew 02, 2002 at 0%:59:42

(=

4ok

P R TR

Fage 2

14
Two-way table cutput example
Afea iac)

Eaps=c Sutface Eare of Spraad (masimom;
e ch'h

h 5.0 100 120
0.5 0.2 1.2 2.2
P 1.n 5.3 f.7
] 2.2 3.7 19.7
2.0 3.9 _3.5 35.0
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Changing the Table Row Variable to the Elapsed Time option button swaps the
table columns and rows produces the following tables:
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6.4. Table appearance

BehavePlus v3.0 User’'s Guide

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

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

W Zhade alternate table rows

readability of wide tables. If the check box is cleared, tables are displayed without any
row background color.

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

Shade | Light Grey M

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.

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.

g BehavePlus 3.0.0 Tue, Mow 02, 2004 at 095542 Page 1
s N
Modules: SIZE
Description a ITWD—Way table output example
Weather
Effective Wind Speed tni'h a |5
Fire

. 24.0, 26.0, 28.0, 30.07

Surface Rate of Spread {masmurm) chih ﬂ I[I ., 22.0
Elapsed Time b 05T o T ="

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.

g BehavePlus 3.0.0

Tue, Mow 02, 2004 at 10:07:56 Page 2
(- N
Two-way table output example
Area (ac)
Elapsed Surface Rate of Spread (masimum) =
Time chih >
b 2.0 4.0 6.0 2.0 =
05 0.0 0.z 0.3 0.6
1.0 0.z 0.6 1.4 2.5
15 0.3 1.4 3.1 5.6
2.0 0.6 2.3 5.6 9.9
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P% BehavePlus 3.0.0

Tue, Mow 02, 2004 at 10:07:56 Page 3
(T ™
Two-way table output example
Area (ac)
< Elapsed Surface Rate of Spread (mactmum) =
< [lime chrh =
= 14.0 16.0 18.0 20.0 22.0 2400 »
0.5 1.9 2.5 8.1 3.8 4.7 5.6
10 7.6 9.9 12.6 5.5 16.8 22.4
1.5 17.1 22.4 28.3 35.0 42.3 50.3
2.0 30.5 39.8 50.3 B2.2 75.2 89.5
s | '
b =n BehavePlus 3.0.0 Tue, Now 02, 2004 at 10:07:56 Page 4

O

The box diagram at the upper left of the pages shows the relative position of the currently viewed page in the

Two-way table output example
Area (ac)

lapsed

Ime

multi-page table.

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:

Surface Rate of Spread (masximum)

26.0
6.6
26.3
59.1
105.0

&

hih

280

7
30.
68.

121.

6

3
S
g

Tue, DTow C2, 2004 at 11:44:25

30.0

g

78

o7
35.0
o7
139.8

Fag= 2

@Baha\'e?lu; 300

4
|
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EO3
‘ma)
chia
]
4.2
|
E1
10.0
12.0
1£.0
160
18.0
20.0
2.0
2.0
26.0
2R
0.0

Twao-way table mitput example
Area (ac)

=
(S C R = ]

L S R A = = =

=L - )

= L1 = = O T

ToT @

- o

Fapized Tirn=

L

mow '
(TR RS

EERY- R

15.
22
26,
Ja.
S5

=T BN RN T = - R

h

R S TR

[T)
=

%)
=

[ B B T K

[,
ra

1

Lt 1 s

[ = T S ST T - T R

m
&)
ra

75.
=
1C5.
121.
179,

r

- = R

Table output

35



Table output BehavePlus v3.0 User’'s Guide

This page left blank on purpose.
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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.
RXWINDOW attempted to reverse 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 BehavePlus 3.0.0 Module Selection [_[O[x]

= Back: | w Frovd | E}Homs & Index
==

Surface Fire Spread » T -
¥ surEacE —IOPM"S 7
Module

Crown Fire |

™ crowm Op“il %‘2 Selection
Safety Zone

I sarEr™) M

Size of a Pt Source Fire o
r (STZE) Options Short Description
Fire Containment Check those Modules you wish to activate
Opticns
(COINTATIT) .
o Indentation indicates modules that can be linked
'l Spotting Distance Options together, with the cutput from one used as mput
(EESD to the nest.
Crown Scorch
r (SCORCH) Options Press a Module's Options... button to configure
. its input options or change the set of output
'l Tree Mortality Options wvarables it calculates
(MORTALITY)
- Probability of Ignition o Relative humidity is not linked to any of the other
(IGNITE) 'plions. modules. Please run it as a stand-alone module
Links
I~ Display output distances in map units
v Table sha: or acceptable ire conditions B oo
N— R # Figure Index
# Table Index
¥ Picture ¥ Help -]

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

ml'.:hm':?.us 311 EET-T S

Fuue Moocds. B
Tuel Moisture
Ll Masluce B |
I-h Boashue iy [
b B2 stue iy [
Livz Jlerbac zcus Eoisture b I
Tiv- Woady Meiszr- v Bl
Weilher
Whidfla=r "3 % Snord -ith I
Lerzction o2 Wind Wzctor (om wpalops) g a |
‘Tetrain
Hope Stezpnecs % B
Acceptable Tire Conditions
Sadacs tats b Bacend zamoo) febvly = I ] 1.1
Tirelne Inkezsis Thwfsy — 0 n
Tlaze Leng:: = B 1] n.1

Fur Oplicm Noles
Calrilations are on'y for the div-tien of
Firelne iztencity, Azme l=ngth. znd

Lior b by zvhon 2 ula
“hend and spread dee_hons ae dewsess

B

wise [Eomn e ddopr SURZACE]
Dir=ction 322z weise wecsasis the dr=ction sze wizc is avshong the five [STIZTACE],

Cnfgnit Variahles
Srfar- =a «
Firrlne Tn =
Flae I 51 [§TEFAZZ]

Lerzction o Eaemmin Spread From updope) idegd [STEFALZZ]
Iaz Eff Wi Ssceed=2? [EUSFACE]

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 Table 2 of Appendix B.

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 Tire Conditions

ucliavs aes ol Hread o) (BT Sl | (U] -ju.a
Bty — |U -[u
ik flod -Jus

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

gBEhavePlus 300 Thu, Oct 28, 2004 at 063357 Page 1
s N
Modules: SURFACE
Descrption B [Table Shading Example
Fuel/Vegetation, Surface/Understory
Fuel Model B [z1e
Fuel Moisture
1-h Moisture % B[, 4.5, 6,7, 8
10-h Moisture % B[s
100-h Moisture % B[7
Live Herbaceous Moishure % B
Live Woody Moisture %% ﬂ |
‘Weather
Nfidflame Wind Speed mih a 0.1, 2,3, 4,5
Direction of Wind Vector (from upslope) deg a |D
Terrain
Slope Steepness % a [35
Acceptable Fire Conditions
Surface Rate of Spread (masmurm) (chty) & |3.0 -|s.0
Fireline Intensity (Btudt/sT T
Flame Length () - 0.0 -|o.0

If you decide to clear a check box in the Acceptable Fire Conditions section there is no need to zero out
the range text boxes, any ranges are ignored if the check box is cleared.

7.3. Viewing Results

After calculating the Run the table output will look like this.

fg EctewzDhz 200 Thm, Zret 23, 200 ar (£ 5:41:35 Zage 2

< B
{ 1

Tuble Shading Exaople
Surface Fate of Spread (maxzitnum) (chh)

1-h Mielar-- Wind Sperd
I sturs il
i z £
E I
e
e

/
[x) fi
54

Mo o L
RN
o owow

¢

The output values are crossed out (shaded) except for those specified as acceptable on the Worksheet. The
table outputs for all output variables are shaded, but only for the ranges selected on the Worksheet in the
Acceptable Fire Conditions section. For example,

g Ertai-Thiz 300

Thiy, St 53, 902 ak CE41-35

“aor

-
i

Ta

M asizawe

ol nE

T
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On the Fireline Intensity table above, the crossed out values are the ones that are outside of the 3-5 ch/h
surface rate of spread range.

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

Acceptable Fire Conditions

Sfac s Zacs of Sacene Czamiom) fcbly & [3.7 5.7
Frelue Inles s, Bl @ U -juL
Fl:e Lenpi o Ul -fu.g

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

m SeraeePlia 300 Thy, Oz 23, 2002 2t N7 3942 Tage 3
ra —h__l\
Tablc Shading Exzample
Swiace Rate of Spread (maxinmm) (cluh)
1h
Idodstee
Y
3
%
Fgf-shavs?'.us ERON] Zaged
- |
Table Shading Exurople
Tireline Intensity (Dtwit's)
1-h Lhdllane *had Speed
"ol e
k] zL
= a7
“l 7Y
3 ':{52}
I :J_g =
7 =33
7 27

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 can give very complex 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.

™ Dhzplay table results

W Dhzplay graph results

™ Zpecify graph T asas lits

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, 13, 15 produces the same graph as rate of spread entry of 5, 15:
s | s : SR ap BT
b =n BetaveFliz 3.0.0 Tue, Hew 02, 2070 2t 20:05:15 Fage 1l
. N
Modules: SIZE
Leseription H Juzept cxamples
Weatler
Efective Winc Speed wih Y [5
Fire
Swrface Eate of Spread macstovi) chvh ﬂ |5 . 15
Elapoed Tire I
s | s : SR ap BT
b =n BetaveFliz 3.0.0 Tue, Hew 02, 2070 2t 20:05:15 Fage 2

Graph examples

a T | T | T | T | T | T T | T
0 2 4 ) 8 10 1z 14 15
Sutface Eate of Spraad (moasimum, (chia)
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When a range of values is assigned to a discrete variable, a single calculation is performed for each value and a
bar graph is produced. For example, the following is a comparison of surface fire spread rates for the standard
I3 fire behavior fuel models:

?gBehavePlns 0.0 Tue, Hew 02, 2070 zt 20:26:07 Fage 1l
/" N
Modules: SURFACE
Lesenphon H IG--rlﬂ exemp ] es
Fuel'Vegefation, SurfaceUnderstory
Fuel Model Bl 2.3 <. 5. 6. 7. 0. 9. 10
Fuel Moisture
T ead Fuel dMeizre % a B
Liwe Fuel bloisrure “ [ [too
Weather
Wrdflam= Sind Spezd Cipslape) mith |b
Terrain
Slove Sleepiess % |J.2
?gBehavePlns 0.0 Tue, Hew 02, 2070 zt 20:26:07 Fage 2
¢ Gruph exmoples 3
120 —
= 150 —
< _
o140 —
120
g _
g 1790 —
f i —
o501
IJ'_: —
& 40—
s I I
0 — .
1 P 34 5 [ 7 2 LI (s 1z 13
Tuel Bodel

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:

?gBehavePlns 0.0 Tue, Hew 02, 2070 2t 20:41:.55 Fage 1l
o e

Modules: SURFACE

Lesenphon H IG--rlﬂ exemp ] es
FuelVegetation, SurfaceUnderstory

Fuel kzdel a B
Fuel Moisture

T ead Fuel Mcizre w BA[E 10 15

Live Fuel Meisture % EX (100
Weatler

Wdflam= ind Spesc Cipslapel triish |U.U, 5.0, 0.0, 1s.U0, 20.U
Terrain

Slove Sleepiess % |J.2
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Graph output

In the "Calculate Results" dialog box clear the Display table results check box and accept the defaults in the

Display graph results section:

‘“:ﬂ;‘R‘.hk\'r‘.j‘llH 00 Toe, o 02 Z004 w1 2047 55

Ciraph examples

‘cath)

B— 10.0

Surface Rate of Spread (oo
' 2

i

_ 2o Wine Spaed (upslepe)

KIaun

| T 1 | 1 1 | 1
a 2 < o g 10
Torad Furl Wlastoe (34

Fag= 2

Changing the X-Axis Variable to the Midflame Wind Speed (upslope) in the "Calculate Results" dialog

box produces a very different graph:

-"‘:g;Be'ﬂavePlus 3000

Midfzroe Wind 3peed (rpelop=) (o

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2005

Wied, Moy 03, 2204 at CA56 7 Fage 2
Chraph examples
251

. LDead Fucl Mg
i
oE.
=1
g
&
et
A
o,
wr
i
=
o
H
W

[ pd 4 6 b i 17 14 14 17 0
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BehavePlus v3.0 User’'s Guide

If a range is assigned to two variables, one continuous and one discrete, the continuous variable is always on the

X-axis. For example:

?gBeha\'e?lus 00

Wed, Do 0F, 2004 a- 07 2327

Fag=1

S

Modules: STRFACE

Descrizton [ [Eraph szampies
FuelVegetation, Surface Understory
Fadl Madel
Fuel Moisture
Dead Fuel Maisture
Liwe Fael Moisture
Weallier
Ifidflame "Wind Speed uodope;
Terrain

Aope Steepnzce

™ Display table results

Zelect the Table Eow Variable
& Fuel Model

 Midflame Wind Speed (upslope)

v Display graph results

™ Specify graph Y asis limits

?gBeha\'e?lus 00

Wed, Do 0F, 2004 a- 07 2327

o
Y
=

-

9t 1z

With two variables, one continuous and one discrete, you no longer have the
option of changing the X-Axis Variable in the "Calculate Results" dialog

box.

Fag= 2

A

a0

oL —

600 —

500 —

400 —

Surface Kaze of Spread (naxionn? (zhin

Grupl exunples N

Fuel bdede]

i 2 4 fi

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

8.3. Axis scales

3 17 12 14 1¢ 18 0
Midfarce Wird Soeed (uprope) irih

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

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.

44
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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:

?:gBel’.avePlns 0.0 e, Doy 03, 2004 ar 071520 Fage 1l
' N
Modules: SURFACE
Lesenphon H IG--rlﬂ Fxis Bramples
FuelVegetation, SurfaceUnderstory
Fuel Model S NE
Fuel Moisture
| -2 2lcizre % a |4 20
10+ Moistars “ (s
130-h Isisture “ B
Liwe Hethazeons IMoisnre b |
Live Weady Maistre % [1eu
Weather
W cdflarn= el Spr mrvh |U 48
Tieztion of Wind Vector Fron: upslope) deg a |o
Terrain
Slenc Stcepacss Wy a In
Options to define the origin of the graph are set through the Configure >
Appearance > Graph Size tab.
Graph Size (%) |50 =

Setting both the X Axis Origin and Y Axis Origin to zero produces the
following graph:

Graph Title I Ehott 'l

— @ =
rwom@E )

Fg]?xeha‘fePlus e “Wed, Blaw 03, 2004 at (r7:44: 30 Fage 2

e
¢

Graph axis examples

IacHame 'Woand Speed
5| (et

Surface Zate of Spreed (masicaon [oah)
Ly
L=

15—
1n—
5— 5.0
. 0
u T | | T | T | T | T | T 1 | 1 |
0 2 4 3 I 10 12 14 14 wa 20
1-h Muisiire (%6)
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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

rgBeha‘fePlus 2707 “Wed, By 3, 2004 at 07:4¢:35 Fage 2

¢ CGiraph axis examples

o
=

IacHame Woand Speed
(et

[
[y

9]
La =
L1y

5

Sarface Kate of Soreed (masimuong [ch'h)
Ly
L=

] 8.0

v r T 11 L
4 [ 8 M 1z 4 1€ 18 o
1-h M nisnre (%00

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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The following Run is for fuel model 10,

?gBeha\'e?lus 00

which has relatively low rates of spread.

Wed, Mo 0F, 2004 a- 08 3355 Fag=1

S
Modules: SURFACE

Diezcrizton a Eraph ¥-szis exarples
FuelVegetation, Surface Understory

Facl Moéel B
Fusl Moisture

- hMoisture > NERET

-0 b Medstuce w Bl [o

10C-h Mocture “ B[S

Liwve Herbaczcus Dosnare 3 a

Live "W aady Adeizmre bl a 11U
Weather

Tidflame Wind Speed it |U P

Toeeacm of Wl Vo (e gelope) [BIST |U
Terrain

Suope Stecpnsss " a |o

Graph output

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

?gBeha\'e?lus 00

TWed, Mo 02, 2004 az 08 3555

Graph Y-axis examples

Surface Zate of Spread (masicmm ekl
M

Iidlame YWind Speed

Amiflry

[
q—
[
_ 0o
R B R R N T T T T
0 2 4 3 3 1 1 14 1& 14 20
1-1 Dol = (540

Fag= 2
=

N

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
— 3elect the Table Eow Vartahle —

& 1-h Moisture
" Midflame Wind Speed

v Display graph results
— Select the X-Awxis Vartable ——

& 1-h Moisture
" Midflame Wind Speed

<!V Specify graph ¥ axis limits )

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2005

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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Graph output

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 3.0.0 Graph Limits Dialog

BehavePlus v3.0 User’'s Guide

Y Axis Y Axis
Graph ¥ Variables Cutput Range i Masirourn
= =
Surfuce Rate of Spread (masimum) 0.0 - 155 chih 0.0 ko] B
Flame Length 00-70& [oo 2o E
™ Picture v Help

Ole

4 Back |»Frwd |ﬁ}Home @Iﬂdexl

T -

Graph Y Axis
A' &8 Limits
=
Short Description

This dialog allows you to specify the ¥ auis
mintmum and maxirmum walues for any or all of the
output graphs of this nin. =

Cancel

_:.'zBehz.ve?lu; 300

Wed, Waw 0F, 2004 a- 08 44:40 Fagz 2
/ Ghraph Y-axis example, fuel mode 10 K
4
Iidberac Wind Spocd
= e — Amiflry
g7~
o
g -
Hoor—
&
=
E 20—
P —
s
8 M
B
w I — .
4 1
=
“os
- 0o
¢ T | T | | T | T T | T | T | T | T
a 2 Bl & 3 12 12 14 1€ 18 20
T4 Wlost = (%400

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

m BeharaFlug 3.0.0 “Wed, Doy C3, 2004 at 03:11:55

- =,

¢ Graph Y-axic example, fuel model 5

=
=

Ificflame Wnd Speed
(]

L Ly
= v

ate of Spread ‘madmoar) veath)
o
Lh

Surase=

)
La

- a0

0 2 A 3 E 1 12 141 1& 3 20
1-h Meistere (M0
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8.4. Graph appearance

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

B bchavelus 2L Apprarance Uphons

Zreph Sizs ) 20 3:

“aapl Ll Shert

X hm: O | Rers © I

T AR Onjgit | Fern =

53 ) Fage Tabo I Tazes I T ardzchees I

L Bacl: | = Frord | fir Hotaz | £ Zidex

[ Fictuwe I el

Appearance Controls

Ciraph Rive
Ulartrs's goan ertinl heght (razsg an deawn swsrng at S euppes -t rorner
of th- pagr and may cemgy 558 00 1008 oF th- pagn ~riget
Ciraph Tirle
Ulartrs's goan il - antens
* Shaer
dizplays just the 1 drg-rption az a biin
* Long
dizplays ths ron decoription snd graph X ad Tz varia=le noves 350

|

I

8.4.1. Graph Size

Graph Size %) [@] ~ 3)
GraphTile  [Shot v
X Axis Origin | Zeto -]
Y Axis Origin |Zero <]

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2005

Graph output

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 100% of the page height. The default is 50%, as shown in the following graph.
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f'! Fhar-"ms 3070 Wied, Mow (13, 2004 a2 17 2745 T

-
o
i
o
hs
Ef
I

Graph gize cxample

BehavePlus v3.0 User’'s Guide

IlidAzme %ind Speed
(rrith)

S
'

o o
& 4 IR
Lizad buel Llowhae ()

Graph Size (%) (DL
GraphTile  [Shot v
X Axis Origin | Zeto -]
Y Axis Origin |Zero <]

50

Changing the

Graph Size to 100% changes the above to the following graph:

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2005



BehavePlus v3.0 User’s Guide Graph output

an-hmv-‘-'m ER Wed, v (03, 2004 a2 10 5050 San 2
/’f . -h\
Graph gize cxample B
N
Lihdllane *hmd Speed
(b

1t—

le—

14
=
= £
e
AL
£e—
b
Ll
k]
4
e 47
bt
i
P

i J—

L
- 1T T 7
1 z 4 3 S 1 w2 17 1¢
Lizad Fuel odctre %6)

The graph title content is controlled using the Graph Title drop-down list on the
Configure > Appearance > Graph Size tab.

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.

3 Axis Origin IZero 'l
Y Axis Origin IZero 'l
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%‘thi—.\'f)‘lui 300 Wk, Pow 03, 2004 4. 0% 9050 Fag= 1
s ~.
h
Modules: SURFACE
Diezenisten a If'lr-‘ph 117 sxanp” =
FuelVegetation, Surface Understory
Fael Iocel B [ic
Fusl Moisture
Tiead Fuel hlzisture - NERGRNT
Lowe Fael Moisture @ By [ico
Weallier
Midflane Wind Speed it |U [T
Directicn of Wing Wactae ifrem apdoped deg |U
Terrain
Fopre Slerprss of |U

Using the above Run a graph with a short title (the default) looks like the following.

EB&havePlus 3.0.0 Wed, Nov 03, 2004 at 10:11:22 Page 2
. Graph title example ™
D p

30
Midflame Wind Speed
_ (mu'h)
£ 25—
= 4
g
- 20—
& 10.0
=
£ 15—
&
g
£ 10—
e
g
3
7 0.0
0 T | T | T | T | T | T | T | T
0 2 4 [3 3 10 12 14 16
Dead Fuel Moisture (%)
Selecting Long from the Graph Title drop-down list on the Configure >
Appearance > Graph Size tab adds more information to the title.
Graph Size (%) |50 =
Graph Title

3 Axis Origin IZero 'l
Y Axis Origin IZero 'l
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@Behave?lus 300

Guide

TWed, Wov 03, 2004 at 10:23:26 Page 2

-~

Sutface Rate of Spread (mazimum)

Graph title example

by Dead Fuel Moisture
and Midflame Wind Speed

)
S

]
h

[
=1

Surface Rate of Spread (maximum (chib)
o

Midflame Wind Speed
(mvh)

10.0

8.4.3. Graph colors

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

ALU ApCarance Uphons

aApplicstion | Graph Size | Urph Elawen.s

6 3 10 12 14 16
Diead Fuel Motsture (94)

|E'1ge Zabs I Tazes I T adchees I

i . a = s
Paed [e o] Bk [ Ed B Hwe € e |
Rai-tavr Colas (5 = Shert D[‘Sﬂ‘lpﬂlll’l 2
Far Claln- Zed -vI Thes page vencels e ocdor wnd widlls ol B ol ==lue oo pul aph slemezls
Suve Peincs |0 ¥i | Appearance Controls J
CTurve Coler
- El :
Tuwve Width |3 & Bl Backeraund Color
Suae Color Sl - Conzols e gaplt Lackicoud volor Zele 1 uie ol lhz przdelins
A Wadlh ] = ) uol':-:a Lz Mg deop-diwn Lal,
Rainbow Calars
udhne Delor | Telow 'I
= eline Wit — Conzels e samnber ol velors ueed Lo deplay 2aphlees oo bace whes
~feelnz W] x Frnade volup e selecled
[ Frdwe I Help g edors a1z 1zguesbed, Lor vaas ple L'ou.: prpatlly-epaved D o
the zclow spectrom ave used boodisplay eacs graph lne cebarmworz = |
i Jane-l

Colors are selected from the predefined drop-down lists.

Background is the background color of the graph.

Graph output

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.

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2005
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Changing Rainbow Colors to 10 results in the following graph coloring:

Background I “White - l

Ranbow Colors =
Bar Color Red -
Curve Points 20 =
Cutve Color IW
Curve Width |3 =

Awis Color I Black 'l
Axis Width 1 B

Gridline Color | Yellow

Gridline Width |1 -
HBaha\'e?lu; 300 Wed, Mov 02, 2004 az 104748 Fag= 2
J/ .
Graph colors example L

Srfar e Toate o Spersad (masinmm?
by Ziv= Suel Meirure

arnd Tieasd Fued Moastie e

- Teead =eel Mo e

"“.('J)

e

™

o

[

Svefzce Fare of Spraad (mexiroum (chh)
=

-

I [
L 120 4 1&0 16 200

Tawr Fue Mol o= (%hi

1
P
@
=
=
=

8.4.4. Line widths

Line widths can be changed using the Curve Width, Axis Width, and

Background | White =l Gridiine width spin boxes on the Configure > Appearance > Graph
Rainbow Colors |10 2l Elements tab.
Bar Color Red -

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

4

Curve Points 20
Curve Color | Rainbow Colors v Axis Width sets the width of axis lines drawn on the graph. | is thinnest and 9

Corve Width |3 thickest.

Lz Color Elack

@dth 1

Gridline Color | Yellow

@'cume Width D

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.

[ L L]« |14
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The following graph uses the default line settings.

%‘thi—.\'f)‘lui 300

//

e Wow 03, 2004 2. 1092 93 Fay- 2

T.ine witdth example '

Suface Eate oF Spraad (masimum;

by _arz el M
and Ziead Fuel Moismse

11—

Snfac=Eatz of Spread mamimun (chk)
=
[

Lead Tuel Meismare

.
)]

o

a

T T T T 7T T 7T
i 120 40 160 187 20
Live Fnel hdoistars (%41

8.5. Number of curve points

Bar Color Eed
Curve Points m

Curve Width 3

Gridline Width |1

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

Background | White H on the Configure > Appearance > Graph Elements tab.

Eainbow Colors |3 3:

The Curve Points spin box determines the number of points calculated for
each curve in the graph. A straight-line segment is drawn between each pair of
points. The default of 20 is visually adequate for most graphs. Requesting more

-

s
v

Curve Color [Ranbow Calors <] points usually results in a marginal improvement in the visual appearance and

~| | requires more computation time. In cases where many curves are plotted and

Axis Color IBlack 'l the calculation time is slow, reducing the number of curve points will speed

Axis Width |1 3: things up.

Gridline Color | Yellow

Bar Color Eed
Curve Points E

Curve Width 3

Gridline Width |1

Gridline Color | Yellow

Curve Color IRajnbow Colors 'l

Awis Color I Black 'l
Axis Width 1 B

Changing Curve Points from the default of 20 to 5 results in the following

Background I “White - l graph:
Eainbow Colors |3 3:

-

s
v

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2005 55



Graph output BehavePlus v3.0 User’s Guide

Compare with the graph in the previous Line widths section. The fewer line points give the curves a more
jagged appearance.

@‘thi—.\'f)‘lui 300 Wk, Pow 03, 2004 4. 11 0233 Fag= 2
e .
Tine points example ¥
Suface Eate oF Spraad (masimum;

&

L s Tuel Melsre
and Dead Fuel Meisture

- Teead =eel Mo e

"y
)

Mmoo

S

I
0

3

[

Srrfzce Bare of Spread imazmum (chb)
|

Il

T T T T T T T T T
82 Lo 120 4c 1€0 182 200
Lave Fucl Mesatars %0

'
[
3
=
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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... >
Outputs tab and selecting the Wind/Slope/Spread Direction Diagram check box.

W Eate of Spread

™ Heat per Uit Area

I Fireline Intensity

W Flame Length

™ Eeaction Intensity

W Dhirection of MMasmum Spread (From upslope)
™ Zpread Distance

™ Midflame Wind Speed

™ Effective Wind Speed

I Mlazarnum Eeliable Wind Speed
™ Mazirum Wind Exceeded?

™ Zlope Steepness

™ Zlope Elevation Change

I Slops Hosizesnbm-bis

v WndiSlopelSpread Direction Diagram
[ Fire Tt

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 doechons are

& degrees cloclowise from upslope
(direction the wind is pushing the fire].

- degrees cloclowise from north
(direction from which the wind i3 blowing)
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-

!ﬂg BehavePlus 3.0.0 Wed, Nov 03, 2004 at 11:15:03 Page 1

Modules: SURFACE

Description a |fNind/Slope/Spread direction example
Fuel/Vegetation, Surface/Understory

Fuel Model B
Fuel Moisture

Dead Fuel Moisture %o a |6

Live Fuel Moisture Yo a I 1z0
Weather

Midflame Wind Speed mith a 5

@iﬂd Vector (from upslope) deg a 100
Terrain

Slope Steepness Yo a IlD 40

Run Option Notes
Calculations are only for the direction of mammum spread [STTRFACE]

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

Wind and spread directions ate degrees clockwise from upclope [STRFACE].

@me wind vector s the direction the wind 1z pushing the fire [STEFACE]

Output Variables
Sutface Rate of Spread (masarmum) (chh) [SURFACE]
Flame Length (ff) [SURFACE]
Direction of Measamum Spread (fom upslope) (deg) [SURFACE]
WindSlopelSpread Direction Diagram [SURFACE]

?gBehavePlns 0.0 e, Doy 03, 2004 ar D11 R0F Fage 2

5

Wind/Slope/Spread direction example

Slope EDE Fatre Tirection

(tnzs Zength  MMazROE
ey chik £ ceg
1c 44,2 b.l ek
4C 32.9 6.1 84

BehavePlus v3.0 User’'s Guide
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b =8 BehawePlus 3.0.0 Wed, Mow 03, 2004 at 11:1%:03 Page 3
Wind/Slope/Spread direction example
Wind / Slope / Fire Directions
Slopedteepness 10 %
Up Slope
5
-
Direction DE  Maxinmm Spread (from upslope)
Direction of Wind Vector (from upslope)
DownSlope
Directionof Maximum3preadfromupslopd 99 deg
Slopedteepness 40 %
Up Slope
--------- »
i
Direction DE f Mazzirmm Spread (from upslope)
Direction of Wind Vector (from upslape)
Downilope
\\ Directionof Maximum3preadfromupslopy 84 deg _/

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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Fg BehaweFlus 3.0.0

Idon, Mov 08, 2004 at 06:03:54

Page 1

-

Modules: SURFACE

Description ﬂ [#ind Slope Spread direction example
Fuel/'Vegetation, Surface/Understory

Fuel Model Bz
Fuel Moisture

Dead Fuel Moisture

“ @

Liwe Fuel Moisture % ﬂ |120
Weather

Midflame Wind Speed it a 3

Wind Direction (from north) W
Terrain

Slope Steepne;

Aspect (from north)

Run Option Notes
Calculations are only for the direction of masimum spread [SURFACE].
Fireline intensity, flame length, and spread distance are abways

for the direchica-efthrespre raTrhoT EERRLCE)

Wind and spread directions are degrees clockwise from north [STRFACE]
Wind direction is the direction from which the wind is blowng [STURFACE]

Output Variables
Surface Rate of Spread (mawimum) {chh) [STRFACE]
Flame Length (f) [SURFACE]
Direction of Mazimum Spread (from north) (deg) [SURFACE]
TWind/SlopefSpread Direction Diagram [STURFACE]

_:FgBeha‘fePlus 2707 Ilor, 2Tow J8, 2004 ar 0603554

Fage 2

;

Wind/Slope/Spread direction example

Slope R Flame “Mracton

i am Lengh Ias 2CE
Yo chvh id deg
10 Edall 6.1 3
40 2.9 B.1 354

BehavePlus v3.0 User’'s Guide
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%Behave?lus 300 Mon, Mow 08, 2004 at 06:03:54 Page 3

- Wind/Slope/Spread direction example

Wind / Slope / Fire Directions

Slopelteepness 109
Horth

( Wind Direttion (from north)
N U Slope

S~—_

South
Directionof Maximum3preadfromnon) 9 deg

SlopelSteepness 40 %

Horth
)
i
)
i
f
J
i
s
i
Divection of Masinmm Spread (from north)
Wind Direction (from norh)
Up Slope South
\\ Directionof Maximum3pteadfromnonfy 354 deg j

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
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.

S Fire characteristics charts are produced with the Configure > Module
B “ear sor Tois Arca selection > SURFACE > Options... > Outputs tab and selecting the Fire
P Sireine Tnznsiy Characteristics Chart check box.

W lazne _englh

B St e It is not necessary to select the four output variables that are plotted on the
™ Dirzczon of Tastirowe: Spread Fom upsiope) chart.

I Spreed Doslae

I MdadHame " Speed

™ Zffective Wird Spoed

™ 3 aernn Beliabls "Wing Spe=d

Mo Woid Exceed=di

Slop= Steepress

Elopz Elzvaticn Changs

I

r

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

62

t"%'F‘n-:} aveFls 300 Moo, Foow 0F, 2004 4. 06 58 34

LET

o

Modnles: STTRTTACT.

™,

Teseription H IFi:l:e Clharaczeristics Chars examnple
FuelVeselalion, SurfuceUnderslory

Fuel Made] Bz 10

Fuel Muoishiure
[s

]

Terad =Seel e e
[1oo

Live Fuel hloshue
W cather

hEdflamz Wind Spezd Capeloped e a |7
Tetrain

Slewe Steepasss % a |10

Rum Oplion Noles

Fireline nil=reaty, Tre emgh o d spaeacd istames o e alwinys
for the direction of the spread caculztions [STTEFATS]
WHined s loweny npsope D3TTR= ACE]

Calevlations are only Eor the dirscton of masians spread "STTESACE]

Cutput variables
Bartace Bate of Spread macsrovan) (chik) [SUSFACE]
Fuelne Intensibr (Bhwtis) |50 EEACE]
Flame Lensth (ft) "STTESACE]
Fire (Characteristize Chat [SUEFACE

".'gBahﬁve?lu: ER] I¥om, Ilew U2, 2204 at CT:01 A5

-

Lire Characteristics Chart example

el ECE Eirzline Fatre
Mledel (s Labeasity _cngth

clh Dot: S
2 07.6 630 0.6
3 39.5 477 N
1c 12.1 344 B.6

m BehaveFlus 3.0.0 Ion, Mov 08, 2004 at 070145

FPage

//

Fire Characteristics Chart example
Fire Characteristics Chart

Surface Rate of Spread (maximum (ch/h)

Tt Tt
0 200 400 600 800 1000 1200 1400
Heat per Utat Area (Bruft2)

I
1500

7
1800 2000
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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:

_?%Pn—.} aveFls 300 o, Pow OF, 2004 5. 07 2830 LET
i ™,

Mornles: STTRTTACT.
Leseription H IFi:l:-a Clharaczeristics Chars sxomple
Fuel Vewdulion, SurlaceTnderslury

Fuel hizdel ﬂ B
Fuel Muoisture

Toead Siel Weicane W |3 E 9

Live Fuel hstue Fi [1aa
W cather

Kedflamz Wind Spezd Capelopel ek a |7 1n
Tetrain

Slewe Steepasss % a |10

Rum Oplion Noles
Calevlations are only Eor the dirscton of masians spread "STTESACE]
Fireline nil=reaty, Tre emgh o d spaeacd istames o e alwinys
for the direction of the spread caculztions [STTEFATS]
WHined s loweny npsope D3TTR= ACE]

Cutput variables
Butaze Bate of Spread imeceroum) {chd) [BURFACE]
Fire Chorocteristizs Chat [SUEFAZS]

@Be}:avePl‘Js 200 Tdon, Mew 0E, 2004 a: 07 28:30 Fage 2

Fire Characteristics Chart exarmple
Surface Rate of Spread (maximum) ychvh)

Dead Fuel MidAame Wind Speed (upslap=)

Toluishiar mh

%h 70 10
3 47 T4
3 36.1 S5.5
9 13.5 zl.8
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Pg BehavePlus 3.0.0 Mon, Mow 08, 2004 at 07:28:30 Page 3

e

Fire Characteristics 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 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

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.

vV Area

¥ Perimeter

™ Length to "Width Ratie

I Forwerd Spread Distance
™ Bacling Spread Distance
™ Tiwe L=ngth

I Masimum Fire Width

v Fire Saape Diagram

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

F% EetaveFlis 300 Idob, Dear 0F, 2004 a 08 0718 Fage 1l
' N
Modules: SIZE
Trsiiplion ﬂ [Fire stape Diagrem ozample
Weather
FlMeer:tiees Wi Sparel mrvh |U 3
Tiire

Sinla e Bale of Sparead Gnaceroan i:hih [to
Flapsieel T h |]_ z

Ram Option MNotes

Fonr

Cnitpant Wariables
Arrd Ta ) [BT7R]
Prrirreler (b J3TEE]
Tam it -le:-Wedth Bt [BT7R]
Fire: Sliapee Thiaagarn [3T75]
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”"H;-P)r:} aveFls 300

K

£

Moo, Foow 0F, 2004 2. 0R 07 14

Fire Shupe Diagrarn exarnple

Effective
TWird

on
&0

"'.% Eekawelblas 3.0.0

Area [ac)
Elapced Tire
h
10 20
3L.4 _25.7
3.4 13.7

Tdon, Pew U8, 2004 az D 0712

Diagram output

Faae 2

Faze B

Fire Shape Diagran exainple

Tire Shape

FffeetivaAndipzzd N0 rith
ElagzcdTane: 10 kb

FffertmediifiaEy eed 10t
ElapazdTime: 200

Fazumeter €23
Tenghbtr-FAidihEatia 0
JackingisveadDistence (00 ch
bra _angth WU ch
MadnuunFive Wicth 200 ch
Elasedliee 101

I°p Wit TTp Wond
A Y
o £ "
. { }
e ", /
e 7
ZownWing Down?iind
diree 3lLaz diree 1257 az

Fazumeter 10 2
T engthbn Wikt Fata 10
Dackicg preacDistaace 200 cl-
Fralengh UL s
MazimumFire Width 420 ch
EepsedToiz 200

EffertivaWndipzed 60 xih
LFlagzedTine: 1001

Effectiveiiiincyeed: €.0 ey
ClapssTime: 200

Lengbtc WidihEalia 25
Bucki fFpreaDislawe 0.4
Fize _ongth 104 ch
MamimumFire Width 42 ch
FlansedTive 101

Up Wiad Up Wend
f
Y
ZownWing Down#ind
Arza Zdw Arza 127w
Prameter 2432 Ferimeter 48 ch

Zetygtht o Wich -Rato 2.5
Sackinoeeadlisbence 09 ¢l
Faelengh 200 2
MMadwunTite Wicth 23 ch
Fepged ™z 2Mh

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 o and 6 m.p.h. winds, which is not realistic if all other fire
environment conditions were the same. In this example the wind speed only determines the shape of a fire for
a given forward spread distance.
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When the SIZE Module is linked to the SURFACE Module, the wind vector is also shown on the diagram.

66

@Bclm«c?]us 200 Mo, Fow 08, 2024 21 02152 Fael

& S

Al
Modules: SLBUIACE, S1AD
Drescopton [F-ra Shape Diagram axanple
FuelWepeldlion, SurlaveUnder=lory

Fuel Modsl B
Fuel Muoisture

Trecd Fuael Moustes b [

Live Zusl Woisture % [n
Weather

Misflame Wind Speed ik [+

Ditection of Wind Vzetor (Bom wpslope] deg | Tu
Terrain

Slzpe Steepness % [su
Fire

Elzgrzed Timz b |'_

Fun Cption Motes
Calewlations arz only Eor the ditcetion of nasdmum szrezd STURFACE.
Firzlne itensicy, Jane longth, and soreed distasce sre alwegys
for bac di-zedon o ths apocas calowadors [ET55 40E]
TWird enz spread dircezers arc dogezes dlockewiss from apslape [STTEZATE]
Tritcetion of the winz vector is the deectizn the wine iz sushing bae firc [ET3=ATE]

Cmtput Variables
Surliace Sale of Spread Doaemue (it [3TEFACE)]
Directivn of Wasmeues Spead (Con upelepe) (daw) [STE5ATE]
Soee (ac) 3
Pramuelr (b [2I2E]
Lenglb-lo-SWedlk Baan [BLAE]
b= Ghace Diagac, |BLAE]

b 38 Ecaavclus 200 Mot How VB, 2004 5t 0001527 Tagc =
“
)
[ire Shape Diagram example
Sn=are Hate ob Speead imex nvane) L3S
Time civn of Baernuee. Spezad (Goo apaloped A den
Arza 17025 ac
FPenmeter —es ok
Leagth-te-Wdth Raze 2.7
m?-etavePlu: 302 Mon. Foow 08, 2004 at 02:2547% Pag= 3
- -

Iy

Fire Shape Thiagram examnple
Fire Shape

Up Sloge
-
L S
T

DiownZlops
et JR
Tiowe & oSl P e Uyl ed
Agea [1E5ac

Fariraster 14 ch
Lenglldo VizthRatis 27
FlapexcTare LOR
Diigectooncf Mexiews SpreadTomupelopy 07 cog
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9.4. Containment shape

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).

The Containment Diagram is displayed by selecting the Containment Diagram

I# Tite from Report 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.

¥ Zontain Status

<l

Contained A-ea
¥ Fiteline Constructad
¥ Mumber of Besources Teed

I Zast of Rescwrzes Used

I Ceontanment Lhagrat

ﬁ]}:ha"c?lus 300 wa, Mer 03, 2204 at 10:08 20 Pag= 1
I ™,

Modules: CONTATH

Diezctiston a |Zontozoment Ciograr szomple

Fire
Sardace Fate of Spread irazieu) chik |lL
Frr Sivr 4l Report Al |D -5
Torpth-t- 05t Faac = |3
Suppression
Suppression "actc a Hzad, Rsar
Lene Constrichon Ddact ck a n
Eeaource Line Producacn Bake chil H ac
Eesource Mrriva Tims k H 0.5
Eezource Duration L a G

Ruu Option Nates
Sappression faput ¢ for a saole resocar-e TCOTTATT],
maltiple vahves can be encered far any input variable.

Chitpart Variables
e fron Repot i) CCORTAL]
Contain Statas [CONTATH]
Contancd Arce (ac) [CULALN|
Frelne Constricted (ch) |COR IALR |
Contairrmert Ztagrom [COITTATT]

FgBehavePlns 0.0 Idot, Doear 0F, 2004 a: 10 2 1:04 Fage 2
' N
Containment Diagram example

Suspresscn ‘L trom Contaun Contain Fircline
Tazkic Ecpert Stams Arza Clorstractzd
b T ck
Heed 1.4 Contained 5.2 20,6
e 2.7 Containsd 21.0 ar.7
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.”%

LemBehavePuz 300 Iom, e 02, 2204 at 10:11 04 Fag= 3
o . -
Containment Diagram example
Containment Diagram
ZuppressiTaclic. Head
Fire Pazitn & | R,
Five Ferim &1 Aftart —
_ Titelir fnnstniete  m—
— / T e
E )
] \\‘H_ "
s 0 3 10 : o b 3 S
i
SafecdctecfSproedimadrus 100 ckh ZontcinBtatus Tentain:
Laagtiaco-WWidthRatic 2.0 Tine FomBeport 14h
Faclizz atPepot 0252z Tirelir el onatructed 266 ok
Sappreasiof actie Heod Centainzdwza 52 e
Line Corstruriodtffact 0ch
Sunprazeal artie Baas
Fire Pzzim &t Reooe
Fire Perim A1 Attack —
_ Fitelirelongtructe m—
T a 3 Lo L5 20 23 30 g
S
GufecdietecfOpreedinadivugg 100 cldh Zonteifibatus Tentains
Leagtiazo-WidthRatic 2.0 Tine fromDtepod 281
TFaedizs atPepot 025 az TheliveCoastructed §7.7 ol
SappressioT actic Pea CentainsFasa 210 2
LueCorstruziofTset 0 ch
A
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10. View, print, & capture results

10.1. View size

The View > xx% command changes the size of your Worksheet
[ File [ View Configue Pages ‘windows Tools Help and Run when viewed on screen. It does not affect the size of
o 5% BASOL [ @‘ printed output.
67%
7% IwePlus 3.0.0
B32%
v 100% | quRpACE
srription a I
1339 getation, Surface/Understory
1500 hel Model
isture
167% _
h Ioisture
2009 .
-h Ioistur:
015 (=

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.

[igs MehrwePlis LA - [unnamedii] b |

[ Bk ¥eo Coyoe | Pogss windws Zudy Hep _|= =
JU = =] EIEI 1 - pul Fape 1

B fliputFage &
aﬁ& |.-- 2 Sopprossien Tastic (Tage 157 1)

—— = 7= Characteristics Chact

= ape (Pau= 1 cl'L)
B¢ Centan Page | o2 1)
Bl 7 =ar af Bnrad (masmmn) by Supprossion Tante

Supprc 1l 5 Zlame Lesgth oy Supprescion “actic

Tactic Ll 3 wecoon ol Blame:wn Spread dom uedope) by Suca zsmon _aciu
Lol L0 Lrealwy Supprassion “acc

Heundd 41 11 7-rmetes by Sippr-ssion "anse

Teat 4l 15 Conrrned Arza by Supprecsics Tactis

Ll 12 achos Comstrucled by 2o csaen o b

10.3. Windows

fPiBehavePlus 3_0_ When a Worksheet is first opened, the Run it represents is assigned a
[ File Wiew Configuis Pages windows Tools Help default name such as "unnamedO|.bpr", "unnamed02.bpr", etc. This

| o= 5[ =B AaSTHY [ @‘ name is displayed on the title bar at the top of the BehavePlus

I application window.
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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.

BehavePlus allows you to have any number of Runs open at
[) File View Configue Pages [windows Tools Help once. Each Run has its own display window containing a
/o= @[ @ | S Cascade Worksheet and possibly containing calculation results. Only

Tile —  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.

E BehavePlus unnamedl 1 bpr

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

Ma BehavePlus 3.0.0 [_100]
Eile “iew Configure Pages Windows Tools Help
EEEE IR ]
B unnamedD1 bpr [_[O0x]| [ unnamed02.bpr =10l x|
ﬂz BehavePlus 3.0.0 Fg BehavePlus 3.0.0
- -
Modules: SURFACE Modules: SURFACE
Description a || Description a |
Fuel/Vegetation, Surface/Understory Fuel/Vegetation, Surface/Understory
Fuel Model a l— Fuel Model a l—
Fuel Moisture Fuel Moisture
1-h Moisture % a l— 1-h Moisture % a l—
10-h Moisture % a l— 10-h Moisture % a l—
100-h Moisture % a l— 100-h Moisture % a l—
Live Herbaceous Moisture % a l— Liwve Herbaceous Moisture % a l—
Live Woody Moisture % a l— Live Woody Moisture % a l—
‘Weather Weather
Midflame Wind Speed (upslope) mith a l— Midflame Wind Speed (upslope) krath a l—
Tetrain Terrain
Slope Steepness % a l— Slope Steepness % a l—
Run Option Notes Run Option Notes
Calculations are only for the direction of maximum spread [SURFACE Calculations are only for the direction of masimum spread [SURFACE
Fireline intensity, flame length, and spread distance are always Fireline intensity, flame length, and spread distance are always
for the direction of the spread calculations [SURFACE] for the direction of the spread calculations [STURFACE]
Wind is blowmg upslope [SURFACE] Wind iz blowing upslope [SURFACE]
Output Variables Output Variables
Surface Rate of Spread (mazimum) (chh) [SURFACE] Surface Rate of Spread (maximum) (mimin) [SURFACE]
Flame Length () [SURFACE] | | Flame Length (m) [SURFACE] |

Selection can be made from the list of pages with text descriptions and an icon indicating whether it is a table,
graph, diagram, etc.

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 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.
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10.5. Saving Output

You can save your BehavePlus table output several ways. Tables, graphs, and diagrams can all be saved as an
image of the screen display. The image file can then be edited with an image processor or inserted into word
processor or layout documents. Table output can also be saved to a tab delimited text file or HTML file. The
text file can then be imported into another application, such as word processor, spreadsheet, or database. The
HTML file can be used in a Web page or is a handy, compact way to E-mail your BehavePlus results.

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 >
saveAs > 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 > saveAs > Image command, you can use the ALT-Print Screen key or a screen
capture utility (e.g. FullShot) to insert results from BehavePlus in other documents. The following steps are an
example and do not constitute endorsement of specific software.

* Startup BehavePlus, WORD word processor, and FullShot software.

* On BehavePlus display, select the 'R’ (for Region) in upper right hand of the window (put there by
FullShot).

* Use the cursor to select the desired area

* Upon release of the mouse, FullShot opens with the selected image
* CTRL-C to save it in a clip board

* Go to the WORD document

* CTRL-V to insert the image

This is a quick and efficient method. There is no need to save the image in a file of its own. The image can be
resized, cropped, or moved within WORD if desired.

10.5.2. Saving a Text File

Once you have calculated a Run you can save the table output as a tab delimited text file. Select the File >
saveAs > Results > Spreadsheet 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 .123 file extension will be
automatically added to your file name.

To use this file in Microsoft Excel, select the File > Open command and select your saved text file from the
“Open” dialog box. Make sure that All Files (*.*) is selected from the Files of Type: drop down list at the
bottom of the dialog box. Then follow the instruction in the “Text Import Wizard”, accepting the defaults and a
simple Run should look something like this in Excel.

A | B | ¢ | o | E | F | 6 |

| 1 |BehaveFlu3.0.0 Build 253

2
| 3 |ComparisaThu, Oct 2 11:36:10

4
| 5 |Fuel ROS Heat per  Fireline  Flame M Wind
| B |Madel (max) Unit Area Intensity | Length Exceeded
| 7 | chéh Btu/ft2 Btusftis
| &8 | ] 39 274 20 1.8 Mo
ER g 1.3 21 ] 0.9 Mo
| 10 | a ] 416 =] 2.4 Mo
| 11| 10 3.7 1323 a0 3.6 Mo
| 12 |tul 0.3 143 1 0.4 Mo
| 13 ]t 0.6 17 1 0.5 Mo

14 |FM29 0.4 146 1 0.5 Mo

[y}
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10.5.3. Saving a HTML File

BehavePlus v3.0 User’'s Guide

Once you have calculated a Run you can save the Run as a 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 >
saveAs > Results > HTML 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.

Simply double-clicking your saved file will display your Run in your Web browser.

%) Comparison of Meadow WFU Fuel Models - Mozilla Firefox

Fle Edt Wew G0 Bookmarks Tools Help

Q@ - - @ @\r [ e 11c:ipacuments:20ands205ettingsirselfDesktopfBPlLsExport bl = [ich

[_J Mozilla Firebird Help || User Support Forum || Plug-inFAQ | | Gooals Search: myt...

Resulis for: Surface Rate of Spread (maximum) (ch/h)

Fuel Midflame Wind Speed (upslope)

Model
0.0
5 0.4
8 0.3
9 1.0
10 0.7
twl 0.0
i1 0.1
Fn28 0.1

30
39

50
37
03
06
04

mith
6.0
9.8
31
14.1
a9
03

0%

9.0

17.0
54
273
154
03

0%

Done

R K
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11. Error checking

If you do something that causes the program to crash, it is a program bug.

Please report it through www.fire.org.
When you do something in error, the program will tell you what the problem is and give you a chance to fix it.
IS[=1 B3

EBehavePlus 3.0.0 Error

Invalid Input

"Slope Steepness” mput value "143" i outside the valid range 0
- 100 %,
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http://fire.org/mason/nav.cgi?pages=behaveplus2&mode=17

Error checking BehavePlus v3.0 User’'s Guide

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. The original standard fuel models are numbered | through
13. 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. 13 Standard fuel models

The original 13 standard fuel models are always available by using the Fuel Model Input Guide [g£4 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.

B behaverlus 3.U.U Lnput Luide =] 3

Soct |\.'slue |J.Jescnpt10:1

oot 1 Chot grass

oz 2 Timbe: with pross and wderslory
nos o3 Tall grass

nod4 4 Chaparral

005 5 Erush

oos 4 Donnarl brust, b dwood slash
ogv 7 Seuthem roagh

g B Clazed timber lit=r

00y 2 Hardweod bter

ot 12 Timbe: with Liter & wad=ratory
011 11 Lighl logeing slash

otz 1z W=dnrn ogeng slash

01s 14

Heezwy loamag slash
‘| | _',_‘

I Ficture [ Ecelp

Cleer | Cancel

12.2. Palmetto-Gallberry fuel option

The palmetto-gallberry fuel option estimates fuel parameters from vegetation characteristics. (Hough and Albini
1978) The Palmetto-Gallbery fuel option is not selected from the “Input Guide” dialog box like fuel models, but
is selected with the palmetto-gallberry radio button on the Configure > Module selection >
SURFACE > Options... > Fuel & Moisture tab.

~Fuel iz entered as

" fiel models.
" fiel parameters.
(_ palmetto-gallberry.

two fiuel models,
2-dimensional expected spread.

two fiuel models,
harmenic mean.

two fiuel models,
area weighted (like old BEHAVE)
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The Palmetto-Gallberry option cannot be used with other fuel models in a Run, it can only be used by itself.
Notice that “P-G” has been added to each of the input variables on the Worksheet used specifically for the
palmetto-Gallberry fuel model.

12.3. Expanded set of 40 fuel models

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.

B behaverlus 3.U.U Lnput Luide =] 3

Soct |\.'slue |J.Jescnpt10:1 ]
141 skt Leowr load, éry cirate shrab (I

142 sha Mod=rate load, dry clinate shoab ()

143 zh3 Modzrate load, urdd climate shrub (3)

ldd  zhd Lewr load, nmid clivate dmber-shrub 057

115 k5 Tishload, ey clivats shrub (S) J
146 shé Lewr load, lanud clivate shoak ()

147 sh7 Wery b Joad, dev Cimale sboab (3

145 hi Hizgh load, tarnid rlivate kb (5)

149 ch® Very kagh lead, homd chimate shrab (1) _,;[
i B o

v Ficture [ Ecelp

Cleer | Cancel

Notice that the expanded models are identified as dynamic or static with a (D) or (S) in the description. See
Section | 1.4 below for more on dynamic fuel models. An example Run, 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 expanded fuel model set is found in Scott and Burgan, 2004.

12.4. Dynamic fuel models

Dynamic load transfer of herbaceous fuel is available in BehavePlus. If the Fuel Model Type is identified as
dynamic and contains live herbaceous fuel, then fuel load is transferred from live to dead as a function of the
Live Herbaceous Moisture entered on the Worksheet. Dynamic fuel models must have a live herbaceous
fuel load while with static fuel models a live herbaceous fuel load is optional.

Dynamic Fuel Model Live Herbaceous Fuel Load
Combinations Yes No
Fuel Dynamic Ok n/a
Model

Type Static Ok Ok

The original 13 standard fuel models are static. In the expanded set models that contains a live herbaceous fuel
load 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.

Two output variables are available to help users understand dynamic fuel modeling. Live Herb Load
Transfer and Dead Herbaceous Fuel Load can be selected on the Configure > Module selection >
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Fuel models

SURFACE > Options... > Outputs tab. A full explanation of dynamic fuel modeling is found in Scott and

Burgan, 2004.

”z EBehavelluz 3.0.0

Page 1

-

Modules: SURFACE

~

10-h Fuel Load

100-h Fuel Load

Live Herbaceous Fuel Load

Live Woody Fuel Load

1-h Sutface AreaVol Ratio

Live Herb Surface AreaVol Ratio

Fuel Bed Depth
Dead Fuel Moisture of Extinction
Dead Fuel Heat Content
Live Fuel Heat Content
Fuel Moisture
1-h Moisture
10-h Meisture
100-h Moisture
Live Herbaceous Moisture
Live Woody Moisture

12.5. Custom fuel models

Fuel/Vegetation, Surface/Understory
Fuel Model Type
1-h Fuel Load

Live Woody Surface AreaV ol Eatio

Description a |Dynamic fuel model example|

Tnitialize from a Fuel Model

B P

B 010

B[40

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.

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)

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

the File > New command or [ toolbar button.
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zuehavel-'lus FLU.U belect A wWarksheet

W orksheet |J:'1.13s |J.Jascnphon _ast Lodiied =
0 %) Bzl e Wtk she ot 10 Standard Bohavel'lu: worksheet: Sat Oc: 2 08:22:08 2004

3 08l lup bpw Bl worksieel, dzlaull noliahealion, Soglish Won Sep 20 0845 3¢ 2004

- #3 Bascitat bpw Surface fire spread apslonz witk the wnd Won Sep 20 08:45 2¢ 2004

Sutface fire,

- 3 SlooeMap bpw Slooe cale from map meamwements Keon Sep 20 084536 2004

- % SurfaccBase bpw Suface firc inthe dir of max spread (CIRECT) Ken Sep 20 08:45 36 2004

- Bl eBas Frow. bpw “Wind dazchon o' Mo Sep 20 084536 2004 —

- 4% Swrfar el ap hpw Swfare spraad map application Woon Sep 20 0845 %6 2004

- 53 SurtaceZoorch b ortabty. bper Liked maodels, spread drachior mpus hian Sep 20 0840 =8 2004 -

I~ Zcture

Cancel

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.

g BehavePlus 3.0.0 Page 1
; N
Modules: SURFACE
Description a Tnitialized with Fuel Model 2
Fuel/Vegetation, Surface/Understory Tnitialize from a Fuel Model |
Fuel Model Type a |S
1-h Fuel Load tonfac B [2.00
10-h Fuel Load tonfac B [1.00
100-h Fuel Load tonfac Y [0.50
Live Herbaceous Fuel Load tonfac a |D .50
Live Woody Fuel Load tonfac a jo.oo
1-h Sutface AreaVol Ratio fr2/ft3 a | 3000
Live Herb Surface AreaVol Ratio fr2/ft3 a | 1500
Live Woody Surface AreaVol Ratio fr2/ft3 a |1500
Fuel Bed Depth £ B [1.00
Dread Fuel Moisture of Extinction %o a |15
Diead Fuel Heat Content Etuilb a jgooo
Live Fuel Heat Content Etuilb a jgooo
Fuel Moisture
1-h Moisture % B

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.

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
20.4, Save As, for more information.
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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.

Click on a folder's HH button to view its fuel model files. Each fuel model is stored in a separate file.

BS BehavePlus 3.0.0 Fuel Model =] E3

Fuel Model | Files | Deseription
; ﬁ[ MiyFuelllodels 2 Diefault user fiuel models folder
B SoCaliforna ] wwrw. il paw f5 fed usfprefire/indes html

&3 SCAT14 bpf Manzanita
&3 SCAT1S bpf Chamise 1
&3 SCAL16 bpf Merth Slope Ceanothus
&3 SCAT1T bpf Chamise 2
&3 SCAL18 bpf Sage f Buckwheat
¥ Picture [~ Help

Cle | Cancel |

Fuel model files are attached by attaching the folder in which they reside. This makes the fuel models in that
folder accessible for use. It is not possible to select and attach individual fuel models; the entire folder must be
attached. For example, all the southern California fuel models are attached by 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.

Bj RehavePlis 300 Topuk fuide After the SoCalifornia fuel model folder is
attached, the Fuel Model input Guide
Sot  |Valse |Descripton B Button gives the following valid selections for
201 sl Low load activity fiel () the Fuel Model text box.
€02 b2 Moderak bad activiy or lewload blowdown (5] To view the parameters of a particular fuel
20z sh3 High load activity fiel or moderaze ‘oad blowdown (3)

model, right-click on it’s name and select the
View parameters command from the
shortcut menu.

204 sbd High load Blowdown (5)

SCAT1S SCAT1S Manranita

SCATAS SCATAS Chameee 1

SUALTE SCALLE Mosth Slop: Ceancthus

SCAT17 SCAT1Y Chamse 2

SCATLE SCATIE Sage f Backwheat J

™ Fictwe [~ Ilels

Clear Cancel |
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Fuel Model SCAL14
Fuel Model Name SCAL14
Deseription lanzanita
1-h Fuel Load 3 tonsfac
10-h Fuel Load 4.5 tonsiac
100-h Fuel Load 1.05 tonsfac
Live Herbaceous Fuel Load 1.45 tonsfac
Live Woody Fuel Load 3 tonsfac
1-h Surface AreaVol Ratio 350 #2/83
Live Herbaceous Surface Area’Vol Ratle 1500 82783
Live Woody Surface AreaV ol Eatio 250 f2H3
Fuel Bed Depth 3 feet
Diead Fuel Ioisture of Extinction 15 percent
Dead Fuel Heat Content 9211 Btulb
Live Fuel Heat Content 9211 Btulb

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.

B3 BehavePlus 3.0.0 Fuel Model [_[O]

Fuel Iaodel | Files | Diescription
G MyFuelodels 2 Default user fuel models folder

% SCAT14 bpf Manzanita
%scmw.bpf Charnise 1
% SCAL 16 bpt North Slope Ceanothus
% SCATLT bpf Charise 2
%SCALlS_bpf Sage [ Buckwheat
¥ Picture " Help

Ol | Cancel |
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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.

@ BehavePlus 3.0.0 Page 1
Modules: SURFACE

Description a |[Previously saved Custom Fuel Models
Fuel/Vegetation, Surface/Understory

Fuel Model BJ [ SCaLis, SCAL16, SCAL17, SCALLE
Fuel Moisture

Diead Fuel Moisture %4 a |5

Live Fuel Moisture %4 a |?U
Weather

Midflame Wind Speed (upslope) mih B [0 15
Tetrain

Slope Steepness %% a |U|

b =8 BehavePlus 3.0.0 Mon, Oct 04, 2004 at 11:42:19 Page 2
s Previously saved Custom Fuel Models \
120
Fuel Model

= 100

= AT 17

. AL16

H g0—

]

) _

]

& 60—

a.

45 o

e

2 40— 14

9

g

T 20—

w L

0 T | T | T | T | T | T | T | T
0 2 4 6 3 10 12 14 16
Midflame Wind Speed (upslope) (b

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 |1.5.2 and
I'1.5.1 above for information on saving and attaching custom fuel models.
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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 models list.

B BehavePlus 3.0.0 Fuel Model Export Selection [_[O]x]

Sort |Code |Desmption

187 7 Large downed logs (3)
188 18  Long-needle iter (5) 4 Fuel Model Export

189 9 Very high load broadleaf litter (3) 5;{‘2

201 sbl Low load activity fuel ()
202 sh2 Moderate load activity or low load blowdown (S)

203 sb3  Highload activity fuel or moderate load blowdown (3) Short Description
204 shd High load blowdown (3)
Custl Custl Brush and 100 br. fiels

at left and press "Ok" to write the selected fiel models to a file for =

J Select (click on, or highlight) one or more of the fuel models in the kst

FM29 FM29 TUI without the live herbacous import into FARSTTE aand FlamMap.
Links
I~ Picture ¥ Help
& Variahle Tndes |

Ok Cancel

For custom fuel models both the Sort and Code columns in the list display the file name truncated to five
characters. You select one or more fuel models to export and then click the Ok button. Type the filename in
the “Save As” dialog box and BehavePlus will automatically attach a .fmd extension.

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

& Fxport_tmd - Nabepad | _ 1] x|
Fic Edt Forra: delp

ENGLLSH =]
14 Cuszl 0,50 1,00 z.60 1,30 cyrawic 2000 1800 1800 1.52 15 G000.0  8000.0 Drush and 100 hr. fuel=

0,50
L3 FM29 0,20 0,90 1,50 0.00 0,90 static 2000 1800 1600 0,52 23 8000.0  3000.0 Ul without the Tive herkaccis

|

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
expanded 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 bchaverfus 36U Moisture becnae

5 11 bpm D127 - Yoy v dead, Dy ured bk (3ed 540,600
- AT by TA™3 = Wey e dead, 373 -ured b (3.4,5,60,90°

- 3 113 b vl deadd, 13 Duped sk (34,5 90,1207
- <5 A1 bpin Cl1Z ey low dead. Slly sreen hers [3,4,5,220,2500

s 2 by Li) - Low dead, Sl suvedd be o (6,7,8, 30,500
- 5 d21E bpin Low dead. 23 sured hects (6,7,8,60,50°
- 3 A3 b 575 - T dead, 173 -red heebs (67 5 90,1200
- 3 Y b Lo - Love deacd, Dy ozem b (60 8 020, 7000 -

™ Pirhoe N ks
Ck Zancz]

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.

B BehavePlus 3.0.0 Input Guide M=

= Back | m Fravd | {irHome | & Index |

Walue | Description =

G111 DILI - Very low dead, filly cured herb (3.4.5.30.60) BERTH. 13 =

4112 DIL2 - Very low dead, 2/3 cured herb (3,4,5,60,90) = Muisture Scenarin

413 DIL3 - Very low dead, 1/3 cured herb (3,4,5,90,120) %2

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 (6,7,8,60,90)

d213 DZL3 - Low dead, 1/3 cured herb (6,7,8,90,120)

4ol TOLA - Low dead, fully green herb (6.7.8,120,150) A fuel ma.xsiure scs?narw 15 a set of fiuel m.o1stures
representing a specific fuel moisture condition of the

d311 D3L1 - Moderate dead, fully cured herb (9,10,11,30,60) surface Fuel A fuel moisture scenario defines the
d312 D3L2 - Moderate dead, 2/3 cured herb (9,10,11,60,90) = following firel motstures

Short Description

* dead 1-h fuel
¥ Picture v Help * dead 10-h fuel

a AdanAd 100 b frol =]

Clear Cancel

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

(s N b Pl TLALT TYT (O] =]
Moisture Scenario d21
£
Dezcripbiaz DL - Lee cleze, fully covenl hera 35, 7,8, 50,60
Dezi 1 hbdoirtare £ percens
Deze 10-h Edvishuwe T percens
Dezd 100 h Eodctme E percens
Liwe Oevkace 2oz Wleiszors 20 percens
Liwe "o odp Mostue G0 percens

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.

B BehavePlus 3.0.0 Moisture Scenario M=

Moisture Scenario |Fi1es |Desmption i = | o | GrFome et |

(3 FuelModeling 22 Used to develop new fuel models (Scott and Burgan)

& Myl doistureScenarios 0 Default user moisture scenanios folder

Attach Fuel Model or

%‘:g Moisture Scenario Files

Short Description

& 1-Low bpm TSTMDL (3.4,5,70,70)
&Z-Msd bpm TSTMDL (6,7,8,120,120)
&3-}1@. bpm TSTMDL (12,13,14,170,170)

Folders (and files) 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 highlighted folders will have their
files attached. Unhighlighted folders will NOT hawe therr files attached,
even if they are currently marked as attached by the paper clip

icons. =

Ok Cancel

I~ Picture ¥ Help
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a EenawveFlus 3.0.0 Ion, 1w OF, 2004 at 112026 Eage 1

e

Modules: SLRFACE
Diescription a |Mai3ture Scenaric example
FuelVegelalion, Surface Tuderstory

Fuzl Lodel H Eaz
Fuel Moisture

Lfecstare Sconare a |(I1'I1, U211, 317, o314
Weather

FacHlame ‘Wond Spced palopc) b a |ﬂ TS
Terrain

Slaps Stzepness H a o

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.

QBekavePl'Js 200 Tdon, Mew 0E, 2004 az 11 5045 Fagzed

¢ hluislure Scenurio exainple

wa
=

IMoistre Scgaaie

Fy Py
= h

[ Y TS
h S F
[

L
=

urface Eoate of Spread [mazimuc (chid)
I
|

| l
0 2 A 3 3 10 12 11 53
EscHame "Wond Specd iupalesc) )

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.

gﬁrhmﬂp]us 300
—

Modules: STRFACE

FPaer 1

oaonphion a If‘_ri—!nl.»—! A Moislore Sceiar id
Fuel'Vegetation, Swface/Understory

Fuel Moisture

Weather

Temrain

el Mlcde.

1-h Meistu-e i
1C-h Ifesnare S
10 -h hlsisture “
Ziv= Zerhaceons hlsisture b
Ziv= Woody Moistars b
e e B, (it with
Slope Steepnes: T

B

=
=
=
B [2u
B [1a0

>
B

[ T

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 20.4, 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 3.0.0 Map Representative Fraction (1:x)

Tx  [mm Joitn o [kemiom [ | |3

1980 32,0000 0.03125 50.5051 0.0158 . =
3960 16,0000 0.06250 25.2525 0.0396 Map Representative
7920 80000 0.12500 126263 0.0792 _‘—ﬂ Fraction

15840 4.0000 0.25000 63131 0.1584 -

21120 30000 033333 47ME 02112

24000 26400 037879 4.1667 0.2400 —

31680 20000 050000 31566 03168 Short Description

52300 10138 098543 16000 0.6250 The map representative fraction is the ratio of the number
63360 1.0000 100000 15783 0.6336 +| |l ofunits on the map between two points to the distance on
the ground between these same two points. For example,

¥ Picture ¥ Help if the map representative fraction 1z 1:24,000, then for

each inch on the map there are 24,000 inches on the |

Ole 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.

B BehavePlus 3.0.0 SURFACE Module Options [_[O] <]

Fuel & Moisture | Wind Speed | Directions ‘ "Slops‘

Outputs |P—G Cutputs |

4 Back | ) Frivd | T Home | & Index |

2l

P Slope steepness is
¥ pecified on the worksheet.

Checking this button causes the mput
Slope is speciiedas ——————————————— wortksheet to recuest slope steepness in

& percent. either percent or degrees

B colculated from map measuremants,

" degrees.

Checking this button causes the input
worksheet to recquest a map representative
fraction, contour interval, map distance, and
number of contours crossed te calculate (and
optionally output) the slope steepness

Slope steepness is

© specified on the worksheet. See Also

* calculated from map measurements  Slope Steepne

Links
# Variable Index

# Figure Index
# Table Index

Iv Picture I Help

BehavePlus OnLine Docuwentation, Nov 5, 2004 ZI

Cancel
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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.
BS BehavePlus 3.0.0 SURFACE Module Dptions M=

Fuel & Moistre | Wind Speed | Directions | Slope | [Ovtputs |P-GOutputs |

¥ Surface Rate of Spread Back | = Frwrd | it Homme | & Index
I~ Heat per Unit Area Sl =
[ Pk fiemsty v = Slope Horizontal Distance
v Flame Length % g
z

I~ Reaction Intensity

™ Direction of Maximum Spread
¥ Surface Spread Distance Short Description
™ Midflame Wind Speed

I~ Wind Adustment Factor
I~ Effective Wind Speed

I~ Effective Wind Speed Limit

The horizontal distance between two locations on the ground, an intermediate value in the
calculation of slope steepness from map measurements

Input to Modules

I Max Eff Wind Exceeded? * Ione
I~ Fuel Load Transfer Output from Modules
" De uel Load

¢ SURFACE, if Slope stespress is calculaied from map measurements is selected

v .
Slope Steepness as an input option.

( v Slope Elevation Change

¥ Slope Honzental Distance See Also
r irection Diagram * Slope Elevation Change _
I~ Fire Charactenstics Chart Links
I Picture ¥ Help * Variable Index
* Fioure Index |

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

gBehavePlus 300 Page 1

. N
Modules: SURFACE

Description a |
Fuel/Vegetation, Surface/Understory

Fuel Model B
Fuel Moisture
Dread Fuel Moisture % a |
Live Fuel Moisture % a |
Weather
Iidflame Wind Speed (upslope) mith a |
Map
Iap Representative Fraction {1:2) ﬂ | \
Contour Interval f a |
( Idap Distance n a | /
Wber of Contour Intervals ay
e —

Run Option Notes
Caleulations are only for the direction of masmimum spread [SURFACE].

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

Wind is blowing upslope [SURFACE].
Output distances are also displayed in map units [MAP]

Output Variables
Sutface Rate of Spread (mazimum) (ch/h) [SURFACE]
Flame
Slope Steepness (%0)
Slope Elevation Change (ft) [SURFACE]
Slope Horizontal Distance (ff) [SURFACE]
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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. An existing
Worksheet, SlopeMap.bpw, showing this configuration is found in the ExampleWorksheets folder.

ﬂBaha\'e?lu; 300 Fag=1
I/' i
Modules: EURFACE

Tiezctiston a |
Ilup
Ifaz Eeprasertatve Fraction (1:)

Zentens Interval
Idfas Distance
Turker of Cortour [tesrals

o

2

Fun Option Notes

Menz

Cnatput Varigbles
Sope Steepnzss (M)
Swpe Clavetoa Chasge ) [SURTACT,
Sope [lorzenal Distance ) [STRTACT]

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.

B BehavePlus 3.0.0 Module Selection 1M[=] E3

= Back |-»1=rwd |5@Heme || > Index

Surface Fure Spread . - -
I~ s ACE) Options... y =

Crown Fire | Module

™ crown M Ehg Selection
Safety Zone
r {SAFETT) Options...

Size of a Pt Source Fire .
r (STZE) Options... Short Description
I Fire Containment Options Check those Modules you wish to activate
CONTATN =
( Indentation indicates modules that can be linked
r ;SS});(;“’In? Ltz Options... together, with the output from one used as mput
to the next,
Crown Scorch )
r (SCORCH) Options... Press a Module's Options... butten to configure
its input options or change the set of output
'l iz Llosilliy Opti wanables it calculates
(MORTALITY) phions...
Probability of Ignition Checking the bex Display cuiput disiances in
I (IGHITE) Options... map units adds map descrptors to the

worksheet so output variables such as "spread  —

(’—5-_1_7 a distance" are displayed in both real world and
[l D v S T Ui map units, Checking the box Table shading for
[~ Table shading for acceptable fire conditions acceptable fire conditions adds a section to the

worksheet where values for acceptable conditions
can be entered (for example, flame length of 2 to
[ Picture ¥ Help 4 1t)

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.

i
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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:

ﬂa BehavePlus 3.0.0 Page 1

- ™

Modules: SURFACE

Description a ||
Fuel/Vegetation, Surface/Understory

Fuel Model B
Fuel Moisture

Dead Fuel Moisture Yo a |

Live Fuel Moistare Yo a |
Weather

Midflame Wind Speed (upslope) mith a |
Terrain

Slope Steepness %% a |
Fire

Elapsed Time h a |
Map

Map Eepresentattve Fraction (1) a |

Run Option Notes
Calculations are only for the direction of masarum spread [STTREFACE]

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

Wind ig blosi b TR R
@es are also displayed mma@

Qutput Variables
Surface Rate of Spread (maximum) (chh) [SURFACE]
Surface 35 ACE
Surface Spread Map Distance (in) [SURFACE]
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15. Units

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 > 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 > 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 > New command, the new Worksheet will be
English units.

15.2. Custom units set

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

The Units editor 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 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.

Once you have defined and saved a custom units set, you can apply it to a Worksheet or Run with the
Configure > Units > 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, 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.

Ma BehavePlus 3.0.0 Units Editor

Fuel & Vegetation Units | Weather Units | Terram & Spoting Uns | [Fire & Effects Units |T1m5 & Map Units | Contein & Safety Unis |

Wariable

Surface ROS

Crown RO3

Fire Heat per Unit Area
Fireline Intensity

Flame Length

Scorch Ht

Fire Reaction Intensity
Spread Distance
Fire Area

Fire Penmeter

Probability of Mortality
& Crown Vol Scorched

=2

Units Decimals 4 Back | m Frvd | 1t Home | &> lndex |
o el B
hh M S . .
c = E v = Fire & Effects Units
| [V
Buftfs 4
B |
i3 j 0 §| Short Description
Bhwfi2/min j 0 él This page controls the selection of units of measure and decimal places for the input,
ch - i’ display, and output of fire behawior and effects variables. The selected units are then
= lied to the current worlsheet and saved as a custom Units Set.
= First select the desired units for each variable. The units of measure mitially displayed by

percent - 3:
Probability of Ignitien | percent -0 3:

units are initiakzed to the standard Enghish units set)

I Picture

v Help

selected units are also applied to the current worksheet.

the dialog are those in use for the current worltsheet (if there is no current worksheet, the

TWhen completed press Ok to save the selections to a BehavePlus custom Units Set file.
A file dhalog appears in which to specify the file name, folder, and description. The

To apply your new custom Units Set to any BehavePlus file, choose

=]

Cancel

15.4. Units conversion 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.

Ay N =Pl 1% TLILT EIndbs: G sinn Tond

Fraz Ameust |1 3

- Ezcle | - el | e Eex | & Index |
EKnown Units of ¥easue -
Tor follvawing <hle lists < th- miza bnow ky the -anee-tee “he -aneetes —

Traz TToics

Inte Teets

I Puhae

alz: undre-rtands mes on A% ratise g for the it “Tate thas-

nap =g A abkbtemizang S0 rase st b, o the maess nar, et with [swer

ragn i rad the nibs < nam- 2 after a pessan

Tluits of Measore Fames. Desaiptions. and Base Luits

Tlits Wa~r: TR Tinsetiption

' rael sezonel (plans ang e

! rad amrebe fplan amuce

abarpere h ZHTT of corest [shampese]

e Ak - RTT 2B i < i w andaee ] T

ieriss

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.
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16. Language

The FIREI program of the old BEHAVE system was translated into several
languages including Spanish and Chinese. We have designed BehavePlus to
make the translation process easier. A Portuguese translation is included as an example. Instructions are

available for translation to other languages. This translation process applies to the program interface itself, not

to the help files.

16.1. English or Portuguese

To change the language from the default English to Portuguese use the Configure > Language >

Portuguese (Portugal) command.

EBEhavePlus 3.0.0 - [unnamed01.bpr] [_[Olx]

[ Ficheim Yer Configwiag3o Paginas Janelas Femamentas &juda

=18/

IEEEIEL I A T

ﬂa BehavePlus 3.0.0

Az simulacdes sho somente para a direcpdio de propagacfo masima [SUPERFICIE].

para a direccio de propagagiic calowlada [SUPERFICIE].
Direcgio do vento é a subir encosta [SUPERFICIE].

Intensidade da frente de chatnas, comprimento da chama, e disténcia de propagacfio sdo setnpre

Pagina 1
. N\

Médulog: SUPERFICIE

Descrighio a ]|
COMBUSTIVEL/VEGETACAO, SUPERFICIE/SUBCOBERTO

Modelo de combustivel a l—
HUMIDADE DOS COMBUSTIVEIS

Humudade de combustiveis com 1-h TR % a l—

Hunudade de combustiveis com 10-h TR % a l—

Humudade de combustiveis mottos com 100-h TR % a l—

Humudade dos combustiveis herbacess wives % a l—

Hunudade dos combustivess arbustivos vivos % a l—
METEOROLOGIA

Weloridade do vento a meia chama (dir. de mator declive) tnih a l—
TERRENO

Declive da encosta % a l—
OPCOES DE SIMULAGAQ

VARIAVEIS DE SAIDA
Velocidade de propagagiio (mazima) (chh) [SURFACE]
Comprimento da chama () [SURFACE]

APONTAMENTOS

<

[Pagina 1 de 1]

|»
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Sample Portuguese output table.

mBehavePlus 300

o

12 srnkustival Huridzde dos sembustiveis herbacess wives
Il dela ¥
20 150
= 203 2ol
tul U.b u.2
24 dodl La¥

Tha, Jun 02, 2005 at 11:50:36 Phgina 3

Clomprimenta da chana {m)

Sample Portuguese output graph.

?% EetaveFlis 3000

T, Tua 0Z, 2005 a0 11 5035 Pégina 4

7

ie propanagis (méxims (Crmit)

4

Welorid

—
=

—
>,

1<

Eedils do cotrbuadvcl

20

— 1 T 1T T 1 ' T 1 L -
4C 40 aC 120 120 K 160

Hinidade daz comovstive:s herbaczes wvivas 23

16.2. Custom language set

To develop a custom language set contact Collin Bevins at cbevins@montana.com.
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17. Fine Dead Fuel Moisture Tool -

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.

Mu BehavePlus 3.0.0 Fine Dead Fuel Moisture Taol

Dry Bulb Temperatire |70 - 89 oF -
Relative Humidity 10-14% -
Reference Fuel Moisture | 2%

Idonth May June July -
Time of Day 12:00 - 1358 -
Elevation Difference Level {within 1000 f) -

Slope 314+ % =~
Aspect Morth -

Fuel Shading Shaded (>=30% shading) ~

Fuel Mossture Correction | 3%

[H[=] E3

4 Back |#Frwd |{DHome I@Index

Y

Fine Dead Fuel

%‘:2 Moisture Tables

Fine Dead Fuel Moisture | 5%
Description Hoedown Fire, July 13th
Iv Picture I Help

Dismiss

Short Description

The fine dead fuel moisture calculation is based
on the tables in How io predict the spread and
intensity af forest and range fires (Rothermel
1983). Only the daytime tables are provided and
there is no conversion to metric.

This tool is inchided in BehavePlus only for
completeness because the tables are used in the
field by Fire Behavior Analysts. They are not
based on equations, so they are not readily linked
with other modules in BehavePlus.

Ezport

K — _»ILI

Inputs are made through the drop down lists. As soon as a change is made, the results are displayed.

17.1. Saving and Documenting

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 “Save As HTML” dialog box appears.

ZSave As Html [ ]

Look in' | Cifsappsifeprod/famBEHAVE-3]  ~| =3

a.

O DefauttDataF older
C1DocFolder

1 ImageFolder

File name: I

File type: | Exported Himl Results ( * htm * htrnl )

j Cancel |
Vo

2

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 your BehavePlus3 folder. If you haven’t already done so,you should think about your

file management and design a structure for you project. (see Chapter 20: 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.

¥ Mozilla Firefox [-[o]

Fle Edt Wew Go Bookmarks Tooks Help (%]
N

@ - - @ @ [ e p1c:ipacuments:20ands205ettingsirselfDesktopiFusl_moist hirl =

|| Mozilla Firehird 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%

donth May June July
Time of Day 12:00 - 13:59
Elevation Difference Level {within 1000 f)
Slope 31+ %
Aspect North

Fuel Shading Shaded (>=50% shading)
Fuel Mossture Correction 3%

Fine Dead Fuel Moisture 5%

Run on Wed Dec 08 10:08:0% 2004

| bone

4

You may view the results using any web browser such as FireFox, Mozilla, or even Internet Explorer. You may

also attach the file to E-mail, or post it to a web site.
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18. RH Tool

The “Relative Humidity” dialog box is opened with the Tools > Relative
humidity command.

i;BehavePlus 3.0.0 Relative Humidity Tool

TTnits = Back | mp Frord | 1t Home | &= Tndex |
& oFandft ¢ oCandm T =
Relative
Dry Bulb Temp |80 3‘ oF ; ‘e
= Humidity Tool
Wet Bulb Temp |60 3: oF
Zite Elevation IO 3: ft
“Wet Bulb Depression |20 oF
. Short Description
Diew Point Temp |45 oF
Relative Hurridity |29 o, Thiz dialog presents three methods of calculating
relative humidity.

¥ Picture ¥ Help The first tabbed page determines relative =l

Distrizs

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.

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.
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This page left blank on purpose.

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2005



19. Sun-Moon Calendar Tool

The "Sun-Moon Calendar" dialog box is opened with the Tools > Sun-
moon calendar command.

& DehayePlus.0,0 Sun-Moon Calendar

Locatios It'fcm.r.u.s |

* Zack -» Ford tr Hammz “x lrdez
T.on4lion |'f_!0']'n'h' o men WMo, onlema FRoreiwwse | | | |

Short Nescription 2l
T Diff I-'.-" _,3' tAcd on2 hour for daglisht zawinas ime)

This page cefinas the geseraphic locaten for the Sunddoon calerdas,

Controls
Dicgrees Iamtes Broonds

Longiude IW:St j IlH il I5 EI I35 il Enter the lozaten nane Tha text ertered here apoears in the tite of the
Tl INm‘ﬂ’. j |46 i’ I'_‘f %’ |3|'.1 i’ simirnicnoen calencdar

Frezz the Browse bwren to 3zlecs fom ever 400,000 raed geocraphe
pleces mthe US,

Motk My o] * GMT Difference
Falecs tae acurr ciference frem Sreeawnch hsar Tims (CRT). Tae sable

Tew  [2003 2
bl shovwes ta2 SMT differencs for selzcted tioe nones; GMT phes the
[~ Eiztuce ¥ Help ks fietn the teble welds the lozal tire.

* Lacation

-]
Ol Cancel

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.

The Contents tab lets you select the outputs you need.

ZBehavePlus 3.0.0 Sun-Moon Calendar

=] E3
Location |
4 Back | = Frivd | L Home | 5 Index |
v Seasonal Dates MMoon Phases - - S
v Sun Meon Chart M
W Sunrise ¥ == Sun-Moon Calendar Contents
¥ MMoonrise
¥ MMoenset
¥ Ciwil Dawen Short Description
¥ Ciwil Dusle This page defines the contents of the Sun-Moon calendar.
v Sun-Meen Calendar
) Conirols
¥ Sun Times
I DMoon Times »  NewTFulll Moons and Seasons
# Moon Phase Check this box to produce a table of new and full moon dates and times for the entire year. The
table also contains the year's solstice and equinox dates and times
»  Sun-Moon Chart
I Picture 7 Helo P PR . P PR |

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.
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Example table of sun-rise, sun-set, civil dawn, civil dusk, moon-rise, and moon-set times.

Fage 2
7 ~,
f Sun & Moon Chart
Collin's Housc in Missoula, Montana
June 2003
(Len 114083 Lar <6 525, 33T 5.0

Lray Surtige Sunszt Sz onsise Ifeorzet ol Diawery il Dske
med 1 04:4c 20:23 0z:15 14:57 J4:186 z1l:C2
T 2 n4: 44 2n-2e nz-=s- 1A-10 47/ F1:r3
Fe- 3 04:44 20: 25 0z2: 40 173 E5 J4: 15 =1:C4
gat 1 Ua:4z AU da us: Ly 1d:38 J1: 14 =l:Lb
san 3 04:43 20: 28 03:35 19:51 J4:-24 z1l:Ca
Mon < n4d: 4= 2n-27 n4:na A IHRH T4:73 “1:ra
Tue 7 04:4: 20: 28 04: 46 Zile S J4:23 =1:C7
Wzd 3 ua:11 AT Us: 36 e K R =l:LB
Tau 2 04:41 20:29 0k 35 23:24 J4:12 zl:-CH
Fci 10 04:41 20:30 07: 40 &3 53 J4: 02 z1:10
gst 11 04:41 20:30 0g: 47 J4:71 =1:10
Sun 12 ug: 41 AU E1 [IEH-T-1 dU:le Ja: 11 =1l:11
Mzn 13 04:4C 20:31 12:02 J0: 35 J4:31 2dlil
Tue 14 04:4C 20:32 12:09 J0: 351 J4:71 1z
Wed 15 04:4C 20:32 13:17 J1: 16 J4:71 :12
Thu 16 04d:4c 20: 33 l4: 28 JL:=21 J4:21 13
Fri 17 04:4C 20:33 15 J1:35 J4:-11 z1:-13
d=t 10 04:4C 20:332 16: 50 J1: 54 J4:71 z1:14
dun 19 04:41 20:3< 18: 12220 J4:71 =1:14
Mzn =0 04d:41 20: 32 19:43 J2: 352 J4:21 zl:14
Tre =21 04:41 20: 3z 20:55 J3:386 J4:-11 14
Wed zZ2 04:41 20:3< ZEZ:00 J4:3a J4: 0z ;15
Thku =3 04:41 20:3< 22:45 J5: 353 J4:22 115
rri =4 04:4= 20: 35 23: 19 27: 19 J4: 32 115
s=t. 5 n4d: 4= Z2N: 35 Ofiz 4R/ T4:73 =15
dun o 04:4:Z 20:350 10:10 J4:233 ;15
Mzn =7 04:4= 20:3< 11:31 J4: 33 115
Yia =8 04d: 44 20: 32 12: 47 J4: 24 HE R
W= =9 n4d: 44 2N: 3 14:72 474 “1:14
Thu Z0 04:4° 20:3< 15:1a J4:35 z1:14
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20. File management

20.1. 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 corresponds to a single BehavePlus project, and each BehavePlus project should have its own
Workspace. 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 the "DefaultDataFolder". This is the default
current Workspace every time BehavePlus is started.

A ci\Program Flles SEM'Behaverlus
_ Hl= B3t wew  Facchtes  ocls  Hap |-
detack - o+ - [l | @reas GhFke (Blscy | MG W 0o | E-
il ke [T peaverle =] #a
Fodess % | [Hawe < | i | Tyt | |
1w | | Doefaulzz atamcider ke Foker L0J1T02002 L2E5 PY
o] (™ Sk Fuk FEIFCE AT AN
11 DebzulZata™clder ™1 ImygeFlder Sk Folcer WEE/20C2 1LEL A
El- ture=clder '_'.Be'\aua—ll.s.exe 4804 ke npplizzhon 1B S 52 oM
. MyozeenCaptues E’|Be'\a\-'eFlLs..\’rI 35FE ¥ Documet LEp 14001 LEE2 A
ConzoseeFClder
I adelMclde
FyFoelModalz
7 Al aifaeria
Mz Escanatboler
T FFh reSiA i e
SIFLL
El-_ R uFililr
™7 Erozd
Esanglsfu
g e
RatWorksheets =
- Sta~da-d
=20 DT akder
£ encleh
oIl
-7 aokddse
=] TngeR e L
rheacts! Cisshan specs 17 7 @) [s11mn i Sy Crmpute &

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 Workspace 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.
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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

20.2. Load a Worksheet

A previously saved Worksheet is loaded with the File > New 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).

20.3. 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.

20.4. Save as...

A sub-menu of the File > saveAs command offers many choices of what to save from the active Worksheet
or Run:

* Run

* Worksheet

* Fuel models

* Moisture scenario

* Results

* Image
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.
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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 > New command or the [ toolbar button.

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 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)

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)

Table results can be saved to a tab delimited text file or HTML file. The text file can then be imported into
another application, such as word processor, spreadsheet, or database. The HTML file can be used in a Web
page or is a handy, compact way to E-mail your BehavePlus results. (See Sections 10.5.2 and 10.5.3)

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 documents. (See Section 10.5.1)

The following example saves a Worksheet. The process is similar for other file types. The File > saveAs
command requests input of folder name, file name, file description, or file type in the “Save As” dialog box.

zBehavePlus 3.0.0 Save As M= E3

“WotlesheetFolder / File | Files | Deseription | Last Modified
- (G ExampleWorksheets 11 Standard BehavePlus worlisheets Thu Jun 2 11:25:57 200
- [ My Worksheets 0 Diefault user wotlcsheet folder Thu Jun 2 11:25:57 200

4 | B
Worksheet Folder IMyWorkshe ets

“Wotlesheet File I

“Wotlesheet Description I

To create a new Folder simply enter a new folder name
i the Wortlcsheet Folder field and press the Ok button.

Cancel |

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2005 103



File management

In this case, the Worksheet Folder text box is initially set to MyWorksheets. To create a new folder, simply

BehavePlus v3.0 User’'s Guide

type a new name into the Worksheet Folder text box: TestFolder in the example below.

E:BehavePlus 3.0.0 Save As

I[=] 3

“WotlesheetFolder / File | Files | Deseription | Last Modified
(G ExampleWorksheets 11 Standard BehavePlus worlisheets Thu Jun 2 11:25:57 2005
G My Worksheets 0 Diefault user wotlcsheet folder Thu Jun 2 11:25:57 2005

4 |
“Wotlesheet Folder ITe stFolder

“Wotlesheet File Ite stl

Worlsheet Description Iexample for Ueer's Guide

To create a new Folder simply enter a new folder name
i the Wortlcsheet Folder field and press the Ok button.

v Picture

Cancel |

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.

To export your table output as a spreadsheet or HTML document use the File > saveAs > Results

commands.

20.5. 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.
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21. Help

Help features are a primary feature of BehavePlus. The Users Guide is
available from the menu bar, and all dialogs and wizards include a help

browser pane. Input fields include a Guide [£4 button for help in entering range inputs or selecting one or more

discrete choices.

21.1. 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.

B DehavePlus 2.0.0 Input Guide

{1 - 67 %

F-oru

Tara

il

I Pt ¥ Help

- Eacl: I - Erwd | T Home | “&n Lcex

“ 1-h Moisture

Shoeri Dexcriplivn

i

[\

The ~-hfiel molstore content is £ae percent of the *-atinelag Jdead Bizl that is water,
calealated ot a dry weight Dasis

Inpui v Modules

* JULZACT
+ IGHITE, if Frebakifiny of Iguition from a Firebravd iz selected as ourpar.

Ontput from Modules
4 Foae
Nore Information

The cutface fire model user a weghtine srecess to combame the 1 h, 10 hand 1C0 h
Juel madstures Libe a charactzrstic fwelgabed average) dead sl melsmre. Gezaze tie =)

Qe Clea- | Jancel |

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

* Short description

* Input to modules

* Output from modules

* More Information

¢ See also
¢ Links

21.2. 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
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assistance. For continuous variables, the dialog facilitates entry of a large number of inputs by specifying the
minimum input value, maximum input value, and increment value.

B BchaveMus 2.0.0 Input Guide =] E3

- Bacl: | L Frad | I Zome | =] Trdex |

0= 360 deg r . . :I
¢ i Wind Direcliun

Trom |

Short Dhe scription

Dictrabon oo wind decchor dopords enthe 5O BEACE wpus opacn thet 12

selzct=d. Selection of Wind and qrread dirsctisas are degrees clockwise from

™ Pitine ¥ Help uplope reqrls in the wind directicn beirg the direction ther the wind s pushng the
Fue Thi in ha wathad naas in tha als BTELTS wrcbam and in naas in masbaman 70

Ok | Cleear | Chon es | Clenz=l |

Additional values are sometimes displayed by clicking the Choices button where available in the "Input Guide"
dialog box.

B BehavePlus 3.0.0 Direction of Wind Yector (from upslope) [_[O] <]
= 4 Back | ) Frivd | 11 Home | & Index
Deg from =
Direction " -

Upslope =

0 Up Slope . - .

15 5 ‘Wind Direction

45

&0

75 Short Description

o Cross Slope Definition of wind direction depends on the SURFACE input option that is

105 selected. Selection of Wind and spread directions are degrees clockwise from —

120 upsiope results in the wind direction being the direction that the wind is pushing the

135 fire. This 15 the method used mn the old BEHAVE system, and 1s used in vectoring
i o s

165

180 Down Slope Direction of the wind vector

Direction the wind is pushing the fire
195 Degrees clockwise from upslope
210 Directly upslope
o o
225
315 a5

240

235 27 a0

270 Cross Slope

285 = 225 135

Directty downslope
v Picture v Help 180
|
Ole Cancel

For discrete variables the dialog contains a list of all valid inputs from which the user may select values.

21.3. 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 BehavePlus and can be opened with the Help > Program help
command. When viewed with the Adobe Acrobat Reader, the contents at the left provide access to the section
in question.
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Appendix A: Version Comparison

This appendix contains a summary of changes between BEHAVE and the versions of BehavePlus. The different
versions were released on the following dates.

Version

Date

BEHAVE

1984

BehavePlus v1.0.0

January, 2002

BehavePlus v2.0.0

July, 2003

BehavePlus v3.0.0

June, 2005

Older versions of the software are available in the ARCHIVES section at www.fire.org.

Version 2 and Version 3

Following are significant differences between BehavePlus version 2.0 and version 3.0.

* Van Wagner’s (1977) transition to crown fire and Rothermel’s (1991) crown fire spread models have been
added with the new CROWN module.

* Calculating wind adjustment factors is now a SURFACE module option.

* The expanded set of fuel models (Scott and Burgan, 2005) have been added.

* Support for dynamic fuel models has been added.

* Two new output variables have been added to the SURFACE module to help understand dynamic fuel
modeling, Live herb load transfer and Dead herb fuel load.

* Moisture Scenarios used in developing the expanded fuel models have been added.

* ldentifying acceptable ranges of fire behavior with table shading is included to replace RXWINDOW from
the old BEHAVE system.

* Output tables can be exported into Microsoft Excel and HTML format files.

* The new example Worksheet, BasicStart.bpw, is loaded at startup so the user can quickly do a simple run
without having to load a Worksheet or configure one.

* A new example Worksheet, SurfaceCrown.bpw is included.

* Several new example Runs are available, FuelCompare.bpr; FuelMoisWind.bpr, and FuelWind.bpr,

* Module names are listed with the output variables and run options shown on the Worksheet.

* A new option for listing descriptions of discrete variable codes on the Worksheet are added.

* The Fuel/Vegetation input category has been split into two new categories; Fuel/VVegetation,
Surface/Understory and Fuel/Vegetation, Overstory.

* A new input category named Acceptable Fire Conditions is displayed on a Worksheet when the
Table shading for acceptable fire conditions option is selected.

* P-G has been added to the input variables used specifically for the palmetto-gallberry fuel model.

* The RH Tool has been removed as a module and is now included in the Tool menu. This was done since
the RH module did not link to any of the other modules.

* The Probability of Ignition module now draws a smooth curve on the output graphs instead of the steps
in previous versions.
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Version 1 and Version 2

Following are significant differences between BehavePlus version 1.0 and version 2.0. Minor changes are not
listed here.
* Safety zone size model added as a new SAFETY module

» Containment model 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 added to the IGNITE module
* Two fuel weighting, three methods added to the SURFACE module

* Dynamic palmetto-gallberry fuel model added to the SURFACE module
* Size diagram output added to SIZE

» Contain diagram output in CONTAIN

* Direction diagram added to SURFACE

* Fire characteristics chart diagram output added to SURFACE

* Fine dead fuel moisture 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' (zero) 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 the File > New command.

* 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-axis are now user-scalable.

BEHAVE and BehavePlus

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 modern 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 five 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, 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
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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 contrast, the BehavePlus SURFACE module allows users to specify the method of
entry for fuel moisture, wind speed, and directions.

* In BEHAVE only continuous variables could be assigned more than one value for a maximum of seven
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 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.

* 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 it is being run on a 21st century personal computer.
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Each input variable in BehavePlus, version 3.0, is listed in the following Table | according to category.'l' (for
Input) in a Module column indicates that it is a possible input for that module. In some cases an input variable

may also be an output variable, indicated by 'O' (for Output). It depends on the selected modules, input
options, and output variables.

For example, note that

» Midflame wind speed is an input to SURFACE under the input option Wind speed is entered as mid-

flame height. However, it is an output variable if Wind speed is entered as 20-ft. wind and wind
adjustment factor is selected.

* Rate is spread is an output from SURFACE and an input to SIZE. If both SURFACE and SIZE are selected,

the rate of spread from SURFACE is automatically used in SIZE. If only SIZE is selected, then the user must
input values for rate of spread.

» Temperature is used only in SCORCH and RH, it is not used for the spread rate and intensity calculations
in SURFACE.

* These tables also give the English and metric units and number of decimal places and the output variables
selected for display initiated by the 0Startup.bpw worksheet. (See Appendix C.)
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Table 1: Input Variables and Modules

Input variable

SURFACE
SAFETY

SIZE

CONTAIN
SPOT

SCORCH

MORTALITY
IGNITE

CROWN

Variable Type

English
Range/
Units

Metric
Range/
Units

Notes

Fuel / Vegetation,
Surface/Understory

Fuel model I D N/A N/A
First fuel model I D N/A N/A For two fuel models
Second fuel model I D N/A N/A "
First fuel model cover- | C 0-100% 0-100% "
age
Fuel model type I D SorD SorD Static or Dynamic
I-h fuel load I C | 0.0-30.49 ton/ac | 0.0-68.35 tonne/ha | Fuel model parameter
10-h fuel load I C | 0.0-30.49 ton/ac | 0.0-68.35 tonne/ha "
100-h fuel load I C | 0.0-30.49 ton/ac | 0.0-68.35 tonne/ha "
Live herbaceous fuel | C | 003049 ton/ac | 0.0-68.35 tonne/ha "
load
Live woody fuel load I C | 0.0-30.49 ton/ac | 0.0-68.35 tonne/ha "
|-h surface area / vol "
. I C | 109-4,000 ft2/ft3 | 358-13,123 m2/m3
ratio
Live herb surface area / | | C | 1094000 fe2/fe3 | 358-13,123 m2/m3 "
vol ratio
Live woody surface area | | C | 1094000 ft2/f3 | 358-13,123 m2/m3 "
/ vol ratio
Fuel bed depth 170 C | 0.05¢t 100 ft 0.02-3.05 m "output for P-G
Dead fuel moisture of | | C| 5-100% 5-100% | Fuel model parameter
extinction
Dead fuel heat content | | C 6’00042":00 BIU/ 13,967-27,934k]/kg "
Live fuel heat content C 6'000"2[300 BIu/ 13,967-27,934k{/kg "
For palmetto-gall-
P-G age of rough C [-25 years [-25 years berry surface fuel

option
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Input and Output Variable Tables

Table 1: Input Variables and Modules

= S
Ll = = | English Metric
Input variable <= < O < w 2 |Range/ Range/ Notes
,Iu_mzoon:io.gUmts Units
SI<INIOIaA|0Q|F X|ls
NOBHNOnn|Z|20|>
P-G height of under- | C 16 02m "
story
P-G palmetto coverage | | C 15-85 % 15-85 % "

P-G overstory basal
area

C 30-110 ft2/ac

6.8-25.3 m2/ha

depth

Lightning ignition fuel PPL, PWC, PWD, | ~PPL, PWC, PWD,
. ge 818 D | PWS, LPD, DFD, | PWS, LPD, DFD,
P ESH, PMC ESH, PMC
Lightning duff and litter | C 012 in 030 am

Fuel / Vegetation,
Overstory

Canopy cover I C 0-100% 0-100%
Canopy height I | C 0-300 ft 0-91 m
Tree height I I C 10-300 ft 391 m
Crown ratio I C 0. - 1.0 0.1 - 1.0
Canopy base height I|C 0.1-100 ft 0-30.5 m
Canopy bulk density || C | 0.001-0.062 b/fe | 0.010-1.001 kg/m3

Fuel Moisture

Mortality tree species I D (206 species) (206 species)
Spot tree species I D (14 species) (14 species)
D.B.H. I I C 5-40in 13- 102 em
Bark thickness 170 C 0.1-2.01n 03-51

ture

Moisture scenario I I D N/A N/A
I-h moisture | RERE I - 60% | - gy | Fuel moisture scenario
parameter
10-h moisture I | C | - 60% |- 60% "
100-h moisture [ I | C | - 60% | - 60% "
Live herbaceous mois- . .
C 30 - 300% 30 - 300% Live foliage for

P-G
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Table 1: Input Variables and Modules

r g
s z |5 i~ | English Metric
Input variable < ﬁ < O|<|w|Z€| 2| Range/ Range/ Notes
L | W El-ElEF S 2 . .
o WZ ook = O Unis Units
S| <<|NOla|o|lO Gl E s
NDAHANNO N ==20|>
Live woody moisture ( 30 - 300% 30 - 300% Live stemwood
Y
for P-G
Dead fuel moisture | - 60% T folrml]::. 10-h
Live fuel moisture 30 - 300% 303009 | Uied for Ive herba-
ceous and woody
Foliar moisture 30 - 300% 30 - 300% Overstory conifer nee-

dles

Midflame wind speed 0 - 60 mi/h 0.0 - 96.6 km/h

20-ft (or 10-m) wind 0-99mi/h | 0.0- 159 km/h

speed

Wind adjustment factor | | 0.1 - 1.0 0.1 - 1.0

Effective wind speed 0 - 60 mi/h 0.0 - 96.6 km/h

Wind direction (from Reference depends on

North) or (from ups- 0 - 360 deg 0-360 deg |, one Cepenes 0
input option selections

lope)

Air temperature -40 - 120 deg F | -40 - 49 deg C

Fuel shading from the 0 - 100% 0-100% | by doud or canopy

sun

Lightning strike type

Terrain

+, -, or unknown

+, -, or unknown

Slope steepness 0-45deg0- 0-45deg0-
pe steep 100% 100%
Aspect 0 - 360 deg 0 - 360 deg
P§|dge-.to-valley eleva- 0- 4000 ft 0- 1209 m

tion difference

Rldgf-:—to-valley horizon- 0-40 mi 0 - 64 km
tal distance

Spotting source location RT, MW, VB, ML RT, MW, VB, ML
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Input and Output Variable Tables

Table 1: Input Variables and Modules

Input variable

Rate of spread (maxi-

SURFACE
SAFETY
SIZE

CONTAIN
SPOT

SCORCH

MORTALITY
IGNITE

CROWN

Variable Type

English
Range/
Units

Metric
Range/
Units

Notes

intervals

Suppression tactic

Head or Rear

Head or Rear

0 I |1 C 0 - 500 ch/h 0.0-167.6 m/min Head fire
mum)
Worst-case estimate of
flame height for
Flame length 0 I [ I | C 0 - 200 ft 0-6lm SAFETY. Can be used
to calculate FLI for
CROWN
Fireline intensity 0 | I C {0- 10,000 BTU/ft/s | 0 - 34,641 kW/m
Flame height from a ! C| o0-100t 0-305m
burning pile
Spread direction (from Reference depends on
North) or (from ups- I/0 C 0 - 360 deg 0-360 deg |.  depends
input option selections
lope)
Number of torching | C 0-30 0-30
trees
Scorch height 01 C 0 - 200 ft 0-6lm
. From ignition/start for
Elapsed time I I I | C 05-80h 05-80h SIZE Tink to CONTAIN
Fire size at report 0|1 C 0.1-100 ac 0.0-40.5 ha ‘area’ from SIZE
Length-to-width ratio 0 I C I-1 I-1
Map
Map representative frac- | | ! ! C | 1,980 - 1,013,760 | 1,980 - 1,013,760
tion (1:x)
Contour interval | C |- 1000 ft 03-3048 m
Map distance I C 0.1 - 100 in 0.3 - 254 m
Number of contour | C - 100 L. 100

Line construction offset

0-100 ch

0-2012 m

0 = direct attack,
else parallel attack
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Input and Output Variable Tables

Table 1: Input Variables and Modules

BehavePlus v3.0 User’'s Guide

z =
s Z 5 | English Metric
Input variable < ﬁ < Ol |w/€|e Range/ Range/ Notes
mu_mzoon:zo.gUmts Units
SI<INIOIaA|0Q|F X|ls
NN Onnn =2Z20O|>
If multiple resources,
Resource name D N/A N/A entry for each
resource
Resource fine produc- | C| 1200 b | 20140234 mih "
tion rate
Resource arrival time I C 0-8 h 0-8 h "
Resource duration I C 0.0-10 h 0.0-10 h "
Resource base cost I C 0-500,000 0-500,000 "
Resource hourly cost [ C 0-500,000 0-500,000 "
Number of personnel I C 1-200 1-200 Integer
Area per person I C 10-100 ft2 93-9.3 m2
Number of heavy equip- | C 0-10 0-10 Integer
ment
Area per heavy equip- C| 100500 f2 93465 m2
ment

| = Input

O = Output

I/O = Input or Output depending on the selected modules and options

C = Continuous variable

D = Discrete variable
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Input and Output Variable Tables

Table 2: Output Variables and Modules

Default |Table Available . .
Output variable output shading |as amap EnQIISh Me.t ne Notes

variable |variable |distance AL AL
Surface rate of spread X X ch/h m/min
Heat per unit area X X BTU/ft2 K)/m2
Fireline intensity X X BTU/ft/s KW/m
Flame length X X ft m
Reaction intensity BTU/ft2/min KW/m2
Direction of maximum spread X degrees degrees
Surface spread distance X ch m
Midflame wind speed mi/h km/h
Wind adjustment factor fraction fraction
Effective wind speed mi/h km/h
Effective wind speed limit mi/h km/h
Maximum wind exceeded? X Yes or No Yes or No
Fuel load transfer percent percent
Dead herbaceous fuel load ton/ac tonne/ha
Slope steepness percent percent
Slope elevation change ft m
Slope horizontal distance ft m
Wind/slopeffire direction diagram N/A N/A
Fire characteristics chart N/A N/A
P-G dead fine fuel load ton/ac tonne/ha
P-G dead medium fuel load ton/ac tonne/ha
P-G dead foliage fuel load ton/ac tonne/ha
P-G live fine fuel load ton/ac tonne/ha
P-G live medium fuel load ton/ac tonne/ha
P-G live foliage fuel load ton/ac tonne/ha
P-G litter fuel load ton/ac tonne/ha
Fuel bed depth ft m
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Table 2: Output Variables and Modules

Default |Table Available . .
: . English | Metric
Output variable output shading |as a map ; ; Notes
: . . Units Units
variable |variable |distance
CROWN
Ciritical surface intensity X Btu/ft/sec kW/m
Critical surface flame length ft m
Transition ratio X ratio ratio
Transition to crown fire X X Yes / No Yes / No
Crown ROS X X ch/h m/min
Critical crown ROS X ch/h m/min
Active ratio X ratio ratio
Active crown X X Yes / No Yes / No
Surface Surface
Fire type X X Torching Torching
Crowning Crowning
Crown spread distance X ch m

Safety zone separation distance X X ft m
Safety zone size X X ac ha
Safety zone radius X ft m

CONTAIN

Time from report

Area X X ac ha
Perimeter X ch m
Length-to-width ratio N/A N/A
Forward spread distance X ch m
Backing spread distance X ch m
Fire length X ch m
Maximum fire width X ch m
Fire shape diagram N/A N/A

escape
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Input and Output Variable Tables

Table 2: Output Variables and Modules

Default

Table

Available

: ; English |Metric
Output variable output shading |as a map 9 ; Notes
; : . Units Units
variable |variable |distance

Contained, Contained,
Contain status X X Withdrawn, or | Withdrawn, or

Exhausted Exhausted

At containment.
Contained area X X ac ha If escape or withdrawn;
area = 0

Fireline constructed X ch m
Number of resources used Integer Integer
Cost of resources used N/A N/A
Containment diagram N/A N/A

driven surface fire
SCORCH

Scorch height

SPOT

Spotting distance from torching X X X i km
trees

Spotting distance from a burning X X i km
pile

Spotting distance from a wind- X X i km

IGNITE

Probability of ignition from a fire-
brand

percent

Bark thickness in m
Tree crown length scorched ft m
Tree crown volume scorched X percent percent
Probability of mortality X X percent percent

percent

Probability of ignition from light-
ning

percent

percent
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Appendix C: The 0Startup.bpw worksheet, defaults

The OStartup.bpw example Worksheet is provided as a “clean slate” starting place for selection of calculation
modules. The 0Startup.bpw worksheet doesn't look like much on the screen, but it carries with it all of the
'default’ selections for calculation modules and displays. Any of those selections can be changed, of course. The
OStartup.bpw worksheet can be reloaded at any time to reset the defaults. The 0 (zero) is the first character in
the file name to assure that it is listed first in the list of Example Worksheets for easy selection.

If you want to use a different set of 'defaults', simply develop and save a similar startup worksheet in your own
folder. For example, if you generally use metric units or if you prefer to display graphs as full screen rather than
50%, then you can create your own “clean” worksheet. You will need to load it using the File > New
command.

m BehavePlus 3.0.0 Page 1

4 N

Modules: NONE
Description a ||

Run Option Notes
None

Output Variables
None

Notes

Following are the 'default’ selections that come with the OStartup.bpw worksheet.
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The OStartup.bpw worksheet, defaults

Table 1: Input Options

Module Input option Ostartup.bpw selection | Other options
* fuel parameters.
* palmetto-gallberry.
* two fuel models, two-dimen-
SURFACE Fuel is entered as fuel models. sional expected spread.
* two fuel models, harmonic
mean.
* two fuel models, area
weighted.
) ) o ) * dead and live category.
Moisture is entered by individual size class. ) .
* moisture scenario.
* 20-ft wind and Input wind
adjustment factor.
* 20-ft wind and Calculated wind
) ) ) ) adjustment factor.
Wind speed is entered as | midflame height. . .
* 10-m wind and Input wind
adjustment factor.
* 10-m wind and Calculated
wind adjustment factor.
Wind direction is specified on the worksheet. | upslope.
Rate of spread is calcu- | only in the direction of in directions specified on the work-
lated maximum spread. sheet.
Wind & spread directions degrees C|.OC|(VV.ISG from . degrees clockwise from north (direc-
upslope (direction the wind | ) oo :
are . . tion from which the wind is blowing).
is pushing the fire).
Slope is specified as percent. degrees.
Slope steepness is specified on the worksheet. | calculated from map measurements.
CROWN Surface fire intensity is flame length. fireline intensity.
entered as
CONTAIN Suppression input a single resource. multiple resources.
entered for
SCORCH :lsre intensity is entered flame length. fireline intensity.
MORTALITY | Bark thickness is specified on the worksheet. | estimated from species and d.b.h.
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Table 2: Outputs

OStartup.bpw output variable Other output variables
Module .
selection
* Surface rate of spread * Reaction Intensity
* Heat per unit area * Surface Spread Distance
* Fireline intensity * Midflame Wind Speed
* Flame length * Wind Adjustment Factor
* Direction of maximum spread * Effective Wind Speed
* Maximum wind exceeded? * Effective Wind Speed Limit
* Fuel Load Transfer
* Dead Herbaceous Fuel Load
* Slope Steepness
* Slope Elevation Change
* Slope Horizontal Distance
SURFACE * Wind/Slope/Spread Direction Dia-
gram
* Fire Characteristics Chart
For palmetto-gallberry fuel option:
* P-G Dead Fine Fuel Load
* P-G Dead Medium 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
* Critical Surface Intensity * Critical Surface Flame Length
* Transition Ratio * Crown Spread Distance
* Transition to Crown Fire ?
» Crown ROS
CROWN
* Critical Crown ROS
* Active Ratio
* Active Crown ?
* Fire Type
 Safety Zone Separation Distance  Safety Zone Radius
SAFETY
+ Safety Zone Size
* Area * Length-to-Width Ratio
* Perimeter * Forward Spread Distance
* Backing Spread Distance
SIZE
* Fire Length
* Maximum Fire Width
* Fire Shape Diagram
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The OStartup.bpw worksheet, defaults

Table 2: Outputs

OStartup.bpw output variable Other output variables
Module :
selection
> Time from Report * Number of Resources Used
* Contain Status * Cost of Resources Used
CONTAIN
* Contained Area * Containmen Diagram
* Fireline Constructed
* Spotting Distance from Torching * Spotting Distance from a Burning
Trees Pile
SPOT
* Spotting Distance from a Wind
Driven Surface Fire
SCORCH * Scorch Helght
* Probability of Mortality * Bark Thickness
MORTALITY * Tree Crown Length Scorched
* Tree Crown Volume Scorched
* Probability of Ignition from a Fire- * Probability of Ignition from Light-
IGNITE .
brand ning
Table 3: Menu Items
Menu item OStartup.bpw selection Other options
' o 50, 67,75, 83, 117, 133, 150, 167,
View 100% 200%
SURFACE, SAFETY, SIZE,CON-
None TAIN, SPOT, SCORCH, MORTAL-

ITY, IGNITE, RH

Configure > Module selection

Display output distances in map
units check box cleared

Display output distances in map
units check box selected

Table shading for acceptable fire
conditions check box cleared.

Table shading for acceptable fire
conditions check box selected

selection

Metric
Configure > Units English
Custom
Configure > Language English (US) Portuguese (Portugal)
No other options.
Configure > Fuel model set selec- .
-ontig None Fuel model set selection must be
tion )
done every time a Worksheet or
Run is loaded
No other options.
Configure > Moisture scenario set . ) )
None Moisture scenario set selection

must be done every time a Work-
sheet or Run is loaded
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The OStartup.bpw worksheet, defaults

Table 4: Appearance

BehavePlus v3.0 User’'s Guide

Appesrance Tab | 0PN colection | |Other options
Show help pane Selected Cleared
Show picture pane Selected Cleared

Application Border Color Black Other colors
Border Width ! (2)-;=n:hit’c<l)<;?"e£order
Graph Size (%) 50% 25-100%

Graph size Graph Title Short Long
X Axis Origin Zero Min value
Y Axis Origin Zero Min value
Background White Other colors
Rainbow Colors 3 4-18
Bar Color Red Other colors
Curve Points 20 4-100
Curve Color Rainbow colors Single color

Graph elements  |Cyrve Width 3 0-9
Axis Color Black Other colors
Axis Width I 2-9
Gridline Color Yellow Other colors
Gridline Width ! (2)-:9n=otlfi::ili|2rn2|5*idlines
Display the page tab Cleared Selected
Tabs per Page 4 (I)-Tono tabs

Page tabs Tab Position | ?_";‘t’as‘sb;er age
Tab Text Blank User defined
Tab Text Color Black Other color
Tab Font Size 12 8-24
Shade alternate table rows Selected Cleared

Tables
Shade Light Grey Other colors
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The OStartup.bpw worksheet, defaults

Table 4: Appearance

Configure > . OStartup.bpw .

Appearance Tab SE selection iz e
Fire projection documentation Cleared Selected
Training documentation Cleared Selected
Shc"w input codes for all discrete Cleared Selected
variables

Worksheet Show descrl.ptlons only for entered Selected
discrete variable codes
Show output variables to be calcu- Selected Cleared
lated
Show notes section Selected Cleared
Notes lines 4 [-10

USDA Forest Service General Technical Report RMRS-GTR-106WWW Revised. 2005

125



Appendix D: Example Worksheets
BehavePlus allows the user to define and save a worksheet for later use. A set of Example Worksheets is
provided with the program. Those worksheets are described in this appendix. A worksheet is selected through

File > New. Clicking on the = by the Example Worksheets folder displays the following list. A double click on
the Worksheet or selecting and clicking the Ok button loads the Worksheet.

MaDehavePlus 2.0.0 Select A Worksheet

Worlziazet |FJEJ |I,'e:criot:on Last Mcdifed
ﬁ-éﬂa'ﬁxn'n]ﬂﬂ?ﬂ:rkshr.r..s " Samdare Beliawr Pl worsst eels T To=: 7061316 200
- % O Startup bovr Blank wosksneet, default initiaizacion, Erglish ThuDizc 2 25:1 2022
&% Dasic Stas bpw Sarface fire spread upslose with the wind ThuD=e 2 25:1522 203
- 3 FaelIodeling bowr Sarface fire, Jrel modeling Thu Dzc 2 2515522 200
- g% 3 opeldap bper S.eps cale fom mep measurerrents ThuDizc 2 2501 20w
&% Saacelasic. opw Sarface fire in fhe <1 of max spread (DERICT ThuD=e 2 25:1522 203
- 5 SarZaceB asicFrom by TWrd dwecton 'from' Thu Dzc 2 2515522 200
- R S arTace Drown bper Tz surdace spread, vpslepe wind, input WA Thu Dac 2 2515

o 0 e Mep bpw Sl spavacd -nap asplication T o 2 051552 200
- g Sartace SeorchMertaliy bowr Lanked mnodels, spread deection dmput Thu Dizc 2 2511
- 47 BaraceTrupe bpw Sadace fire spread, smplc cezc, uoalape sprcad with the wing ‘Lhu Doe 2 0401
= o 5 e EpolTymil= Do Sonecllm g Foena wendd-riven smfae Fre Thu o 2 0514952 200
14 B oy Wotkeheess 2 Defadt user wosksaeet folder Tue Dizc 7 26:15:15 2002
[~ Fiztuce

It is important to recognize that these are only examples. VWe expect that users will set up their own folder of
commonly used worksheets.

OStartup.bpw

This worksheet is a special case. It is used as the starting place for selecting calculation modules. It shows no
input or output variables, but it sets defaults for all run settings as described in Appendix D. The 0Startup.bpw
worksheet was used to initialize all of the following example worksheets.

BasicStart.bpw
This is the Worksheet that appears when you start BehavePlus. It is designed so the user can quickly do a simple
run without having to load a Worksheet or configure one.

* Calculations are for maximum spread rate, upslope spread with the wind.

* Fuel moisture is entered by individual size class.

FuelModeling.bpw
This is the SURFACE module set up to examine the effect of changing fuel parameters, part of the process of
developing a custom fuel model.

* Fuel is entered as fuel parameter.

* Fuel moisture is entered as moisture scenario.

* Wind is blowing upslope.

* Calculations are only for the direction of maximum spread.

* Only rate of spread (maximum) and flame length are selected as output.
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SlopeMap.bpw
This simple worksheet is used to calculate slope steepness from map measurements. It is available from the
SURFACE module.

* Slope steepness is specified to be calculated from map measurements.

* Only the slope output variables are selected.

SurfaceBasic.bpw

This worksheet is similar to the DIRECT module in the old BEHAVE. This method of specifying directions is
used to show the relative effects of wind and slope by vectoring. Reference is to upslope, so there is no need to
define aspect or reference directions with respect to north.

* A fuel moisture value is required for each size class.

* Calculations are only for the direction of maximum spread

* Wind and spread directions are specified as degrees clockwise from upslope

* Wind direction is specified as the direction the wind is pushing the fire

SurfaceBasicFrom.bpw

This worksheet is like SurfaceBasic.bpw except the other option for specifying directions is selected. This
method of specifying directions is suited for onsite calculations for a specific location on the landscape. The
wind direction is that used in weather forecasts.

* A fuel moisture value is required for each size class.

* Calculations are only for the direction of maximum spread.

* Wind and spread directions are specified as degrees clockwise from north.

* Wind direction is the direction from which the wind is blowing.

SurfaceCrown.bpw
This Worksheet links the SURFACE and CROWN modules.

* A fuel moisture value is required for each size class.

* Canopy Base Height, Canopy Bulk Density, and Foliar Moisture are the inputs required for the CROWN
module.

* Wind is blowing upslope.
* Wind is entered as 20-ft wind speed and wind adjustment factor (rather than as midflame wind speed).

* Calculations are only for the direction of maximum spread.

SurfaceMap.bpw

This worksheet might be used when using maps in projecting fire growth.

* The header includes those for 'fire projection documentation'.

* Output distances are displayed as map units.

* Calculations are only for the direction of maximum spread.

* Wind and spread directions are degrees clockwise from north.

* Wind direction is the direction from which the wind is blowing.

* Direction of maximum spread and spread distance are selected as additional output variables.

* Slope steepness is calculated from map measurements.
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SurfaceScorchMortality.bpw
This worksheet enables the three modules SURFACE, SCORCH, and MORTALITY.

* Calculations are for specified spread directions (rather than for the direction of maximum spread).
* Wind and spread directions are degrees clockwise from upslope.
* Wind direction is the direction the wind is pushing the fire.

SurfaceSimple.bpw

This worksheet is the ultimate simplification of the setup for a surface fire spread and intensity calculation. It
can be used to examine relationships among the basic variables (fuel, moisture, wind, and slope) on surface fire
spread. For specific fire behavior prediction, more information would be used.

* Fuel moisture is entered as dead and live category. A single value is used for |-h, 10-h, and 100-h moisture
content and another for live herbaceous and live woody fuel moisture.

* Calculations are for maximum spread rate, upslope spread with the wind.

SurfaceSpotignite.bpw

This worksheet enables the three modules; SURFACE, SPOT, and IGNITE
* Spotting distance is calculated from a wind-driven surface fire, which is the only spotting distance output
option that makes sense for a link to SURFACE.
* Wind is entered as 20-ft wind speed and wind adjustment factor (rather than as midflame wind speed).
* Wind direction is upslope.

* Calculations are only for the direction of maximum spread (the only option that is valid for this spotting
option).
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variable codes 18
Slope Elevation Change 88

Slope Horizontal Distance 88
Slope Steepness 88
Table shading for acceptable fire conditions 19,

Training documentation 17
Wind/Slope/Spread Direction Diagram 57
Choices button 28
civil dawn 99
civil dusk 99
clone Workspace 101
colors
graph 53
Contain Status check box 67
containment shape diagram 67
continuous variable 13
entering 27
contour interval 89
Convert button 92
create
custom fuel models 77
moisture scenario 85
Workspace 101
curve points 55
custom fuel models 77
attaching 79
creating 77
FARSITE format 81
saving 77
set selection 79

D
dead herbacous fuel load 76
decimal places 91
DefaultDataFolder 101
define
custom fuel models 77
moisture scenario 85
delete
files and folders 104
dew point temperature 97
diagram 57
containment shape 67
fire characteristics chart 61
fire shape 64
image 71
Wind/slope/spread direction 57
dialog box
Appearance Options 20
Calculate Results - see Calculate Results dialog
box
Error 73
Fine Dead Fuel Moisture Tool 95
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Sun-Moon Calendar 99
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Units Conversion Tool 92
Units Editor 91, 92
Directions tab 57
discrete variable 13
codes 18
entering 28
Display Graph Results check box 41
Display output distances in map units check box 89
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documentation section 16
dynamic fuel models 76
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entering input variables 27
error checking 73
example Worksheet
OStartup.bpw 22
BasicStart.bpw 15
FuelModeling.bpw 77
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SurfaceBasicFrom.bpw 16
Excel 71
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export
custom fuel models 81
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HTML file 72, 95
spreadsheet 71
table output 71
text file 71
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Custom Fuel Model 81
HTML 72
image 71
spreadsheet 71
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BehavePlus v3.0 User’'s Guide

file extensions 12, 102
12371
bmp 71
bpf 81
fmd 81
html 72
ipg 71
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file management 101
file structure 12, 101
Fine Dead Fuel Moisture Tool dialog box 95
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Fire Characteristics Chart check box 61
Fire projection documentation check box 17
fire shape diagram 64
Fire Shape Diagram check box 64
first page toolbar button 69

FlamMap 1, 81, 82
fmd 81
folder
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new 104
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delete 104
Fuel Model
dialog box 79
Input Guide 76, 79
Fuel Model Export Selection dialog box 82
fuel models 75
attaching custom sets 79
create custom 77
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dynamic 76
expanded set 76
FARSITE format 81
palmetto-gallberry 75
parameters 7/
Save as 103
save custom 77
set selection 79
standard 13 75
type 76
fuel parameters 77
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Graph Elements tab 49
Graph Size tab 49
graphs 41
appearence 49
axis scales 44
colors 53
curve points 55
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title 51
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X-axis 44
Y-axis 46

Guide button 15, 27
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H
HTML file 72, 95

image 71
Initialize from a Fuel Model button 78
input codes 18
Input Guide dialog box 13, 27
Fuel Model 76, 79
Map Representative Fraction 87
Moisture Scenario 84
input section 17
input variables
entering 27
linked 29
multiple values 27, 28
ranges 27
installation
Windows 12
invalid input 73
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ipg 71
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language 93
last page toolbar button 69
line widths
graphs 54
Linked input variables 29
live herb load transfer 76
live herbacous moisture 76
loading
custom fuel models 79
fuel models 75
moisture scenarios 83
Run 102
Worksheet 21, 102

map
applications 87
distances 89
representative fraction 87, 89

scale 87
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Map Representative Fraction dialog box 87
Model
definition 13
Module Selection dialog box 23, 37
Modules 23
definition 13
input options 23
linking 23
output options 24
moisture scenario 83
attaching sets 83
define 85
save 86
Save as 103
using 83
viewing 84
moon-rise 99
moon-set 99
Mortality Module Options dialog box 23

N
new
folder 104
Workspace 101
next page toolbar button 69
NEXUS 1, 81
notes section 20
number of curve points 59

O

Operation 7
Options button 23
output variables
tab 57, 61
output variables section 19
outputs
diagram - see diagram
graphs - see graphs
image 71
map distances 89
table shading 37
tables 31, 32, 39
two way tables 32
variables 24, 38

P

page buttons 69

page header section 16

page tabs 20

palmetto-gallberry 75

png 71

Portuguese version 93
prescription window 37
previous page toolbar button 69

print 70
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delete 104 tab delimited text file 71
load 102 table shading
Save as 102 for acceptable fire conditions 37

for readability 34

run option notes section 19 .
Table shading for acceptable fire conditions check

RXWINDOW 37 box 19, 37
S Tables
Save as 102 appearance 34
custom fuel model 78, 103 multiple pages 34
dialog box 103 output 31, 32
HTML file 72, 95 row shading 34
image 71 saving 71, 103
images 103 tabs
moisture scenario 86, 103 Directions 57
results 103 Gragh Size - see Graph Size tab
Run 22, 102 Graph Elements 49
spreadsheet 71 Graph Size 49
tab delimited file 71 Output variables 57, 61
Worksheet 22, 103 Outputs 88
screen capture 71 page 20
sections - see Worksheet sections tiled display 70
Select a Run dialog box 102 time
Select A Units Set dialog box 91 civil dawn 99
Select 2 Worksheet dialog box 102 civil dusk 99
set selection moon-rise 99
fuel models 75 moon-set 99
moisture scenarios 83 sun-rise 99
units 91 sun-set 99
Shade alternate table rows check box 34 title
Show description for all discrete variable codes graphs o1
check box 18, 19 toolbar button 14
Show descriptions only for entered discrete variable first page 69
codes check box 18 last page 69
size, window 69 next page 69
slope previous page 69
from map measurements 87 tools
Slope Elevation Change check box 88 Fine Dead Fuel Moisture 95
Slope Horizontal Distance check box 88 Relative Humidity 97
Slope Steepness check box 88 Sun-Moon Calendar 99
SlopeMap.bpw 89 Units conversion 92
spreadsheet 71 Training documentation check box 17
standard fuel models 75 two variable graph 42
Startup Worksheet 22 two way tables 32
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from map measurements 87 .
sub-models unies 91
list 7, 10 custom set 91
Sun-Moon Calander Tool 99 deafnal places 91
sun-rise 99 English 91
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Units Conversion Tool dialog box 92
Units Editor dialog box 91, 92
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variables
input-see input variables
output-see output variables
view size 69
viewing
fuel model parameters 79
moisture scenario 84

w

web browser 72
wet bulb depression 97
wet bulb temperature 97
Wind/Slope/Spread Direction Diagram check box
57
Window 69
cascade 70
size 69
tiled 70
Windows installation 12
Worksheet 15—-22
borders 20
definition 13
delete 104
editing 22

Index

example - see example Worksheets

extension 12

layout 15

load 21, 102

Map section 88

Save as 103

saving 22

size 69

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 44
X-axis origin 45

Y
Y-axis 46
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Graph Size tab > Graph Title 51
Page Tabs tab 15, 20
Tables tab 34
Worksheet tab 15, 17, 18, 19, 20
Fuel model set selection 79, 80, 103
Language 11
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Portuguese (Portugal) 93
Module 23
Module selection 14
CONTAIN > Options ...
tab 67

Display output distances in map units check box

MORTALITY > Options... 23
Options... > Input Options tab 11

Options... > Output Variables tab 11, 24

Options... > Outputs tab 57

SIZE > Options ... > Output Variables tab 64
SURFACE > Options... > Directions tab 57
SURFACE > Options... > Fuel & Moisture tab

75, 83, 85

SURFACE > Options... > Outputs tab 61, 76,

88, 90
SURFACE > Options... > Slope tab 87

moisture Scenario set selection 83, 103
Table shading for acceptable fire conditions

check box 15
Units
Custom 91
English 91
Metric 91

> Output Variables

F
File
Calculate 14, 31, 102
New 14, 15, 21, 91, 102
Open Run 14, 102
Print 14, 70
saveAs 102
Fuel model > BehavePlus format /8
Fuel model > FARSITE format 82
Image 71
Moisture scenario 86
Results > HTML 72
Results > Spreadsheet 71
Run 22
Worksheet 22
Workspaces
Clone current workspace 13,101
New workspace 13,101
H
Help
Program help 9, 11, 14, 106
P
Pages menu 8,14, 69
T
Tools
Fine dead fuel moisture 95
Relative humidity 97
Sun-moon calendar 99
Units converter 91, 92
units Editor 91
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View > 69
View parameters 79
w
Windows
Cascade 70
Tile 70
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RMRS

ROCKY MOUNTAIN RESEARCH STATION

The Rocky Mountain Research Station develops scientific information
and technology to improve management, protection, and use of the
forests and rangelands. Research is designed to meet the needs of
National Forest managers, Federal and State agencies, public and
private organizations, academic institutions, industry, and individuals.

Studies accelerate solutions to problems involving ecosystems,
range, forests, water, recreation, fire, resource inventory, land
reclamation, community sustainability, forest engineering technology,
multiple use economics, wildlife and fish habitat, and forest insects
and diseases. Studies are conducted cooperatively, and applications
may be found worldwide.

Research Locations

Flagstaff, Arizona Reno, Nevada

Fort Collins, Colorado* Albuquerque, New Mexico
Boise, Idaho Rapid City, South Dakota
Moscow, ldaho Logan, Utah

Bozeman, Montana Ogden, Utah

Missoula, Montana Provo, Utah

Lincoln, Nebraska Laramie, Wyoming

*Station Headquarters, Natural Resources Research Center,
2150 Centre Avenue, Building A, Fort Collins, CO 80526

The U.S. Department of Agriculture (USDA) prohibits discrimination
in all its programs and activities on the basis of race, color, national
origin, sex, religion, age, disability, political beliefs, sexual orientation,
or marital or family status. (Not all prohibited bases apply to all
programs.) Persons with disabilities who require alternative means for
communication of program information (Braille, large print, audiotape,
etc.) should contact USDA’s TARGET Center at (202) 720-2600 (voice
and TDD).

To file a complaint of discrimination, write USDA, Director, Office of
Civil Rights, Room 326-W, Whitten Building, 1400 Independence
Avenue, SW, Washington, DC 20250-9410 or call (202) 720-5964
(voice or TDD). USDA is an equal opportunity provider and employer.
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