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Abstract

Andrews, Patricia L.; Bevins, Collin D.; Seli, Robert C. 2003. BehavePlus fire modeling system, version2.0:
User’s Guide. Gen. Tech. Rep. RMRS-GTR-106WWW. Ogden, UT: Department of Agriculture, Forest
Service, Rocky Mountain Research Station. 132p.

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, safety zone size, size of point source fire, fire containment, spotting distance, crown scorch height,
tree mortality, and probability of ignition. The User’s Guide describes operation of the program. Other papers
describe the models and application of the system.
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Preface
This User’s Guide explains how to use the BehavePlus fire modeling system software. Other papers will
describe the models incorporated into the system and application of the predictions.

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

You can download this User’s Guide and the BehavePlus program 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 will 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

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)
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 Midflame Wind Speed (upslope)
odel mifh
0.0 5.0 10.0

2 2.5 6.5 11.2
5 0.9 2.5 3.8
8 0.a 1.3 2.0

12

Fuel Model

10—
g 3
= -
a0
g
a6
LE)
E _
F 4—

2— o

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

0 1 2 3 4 3 6 7 8 9 10

Widflame Wind Speed (upslope) (muh)
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Sample fire perimeter output from FARSITE:

Sample landscape fire potential output from FlamMap:

E" FlamMap - [TrapperLk.fmp] M=l E3
Iﬁ Eile Theme Analysis Area VYiew Options “Window Help 8] x|
OSHE| == ®RE M L | P ™ AeiefShading azimutre [315 =] Intensiye [05 =] _pply |

= # TrapperLk.fmp
C\Tutorialinput) TrapperLake LCP
Auxiliary Themes
+ Grid Themes
+ Yector Themes
nf * JELERGIE
+ Contours
! 3 + Elevation
RS Analysis Areas
Elm + Entire Landscape {(Default)
g-- % Themes
Elervation
Slope
Aspect
Fuels
Canopy Cover
Height
Crown Base Height
Crown Bulk Density

&[0 Hew Run

Q, + Flame Length

Q, + Spread Rate

& * Crown Fire Activity

Crown Fire Activity |

Uriits: I Class j
No Data

Ready

|Entire Landscape (Default)

|Cr0wn Fire Activity

[Scaler 1: 79142

305820, 4436
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Introduction BehavePlus v2.0 User’s Guide

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
2.0, which provides additional models and features. A summary of changes from version 1.0 to version 2.0 is
given in Appendix A.

The primary modeling capabilities of BehavePlus, version 2.0, 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

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

Photographs and a key for the standard 13 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)

USDA Forest Service General Technical Report RMRS-GTR-106WWW. 2003
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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.

] Baclk » Frwwd

Y Home o

Index

Fireline Intensity

Short Description

Direction
of fire
spread

Input to Modules

Output from Modules
* SURFACE

USDA Forest Service General Technical Report RMRS-GTR-106WWW. 2003

The heat enerpy release per utt tine from a one-foot (one-meter) wide section of the fiel
bed extending from the front to the rear of the flaming front.

*+ SCORCH, £ SURFACE iz ot alzo selected and if Fire intensity is entared as
fireling intensity 15 selected as an mput option.

|+
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This page is blank on purpose.

6 USDA Forest Service General Technical Report RMRS-GTR-106WWW. 2003



2. Operation

2.1. Overview

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

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 checkboxes:

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

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

ilﬁzha'iEF'ILu: 2.0.0 - [DSEartup)
[ Fibe e @, Wirdaws Took Help

[} BehavePius 2.0.0 Module Selection

Ip =z , 8 _
Liis 3 = Surface Fire Spread ’
Fusd mpdal sef selacton 3 =UEFACE) A —
iSRS SCenario sat salection — Safety Zone e
Aopesrarce

Language 2

—Fuel iz entered as

el rmodels.

" fuel parameters

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 kW N

fuel models option button

USDA Forest Service General Technical Report RMRS-GTR-106WWW. 2003 7
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B BehavePlus 2.0.0 Appearance Options [_ (O]

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

- Back | » Frwd | A Home | L= Index
IV Display the page tab T

|»

Tabs per Pagd Page Tab Options

Tab Position

Tab Text @ei/‘ol
8 Short Description

Tab Text Color IBlack 9 v[

This page controls the appearance of page tabs on BehavePlus pages.
AR Gray Tou can configure BehavelPlus to display a page fab along the right margin of the
Eed | | | page. This 15 uzefil, for example, to identify runs for a particular fire or training
Green session which are subsequently bound in a 3-ring binder ot stored in filing folders.
I Picture
Elue
L) Annearance (T amirals LI
Iagenta
2t - ok | Cancel |
Tellow anee
Dark Red
Darle 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. BehavePlus is meant to be run over and over for multiple purposes, so it is meant to
be self-documenting.

Because of these expectations, the BehavePlus user interface is designed around the concept of the standard
8.5 x 11 printed page.

Given input information BehavePlus can generate documentation, diagrams, tables, and graphs. Fortunately,
they all fit on a standard printer page; merely press the Print button and file the copy. 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 lets you print selected

pages.

8 USDA Forest Service General Technical Report RMRS-GTR-106WWW. 2003



BehavePlus v2.0 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
next to each entry field opens a dialog 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 manual is available as part of BehavePlus through Help > Program help.

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 BehavePlus 2.0.0 Appearance Options | _ (O] x|

| Graph Size | Graph Elements | Page Tabs | Tables | Wotksheet |

™ FEack |W Frwd |m Home |@ Indexl

v o -
V' Show help pane “ Application
8 Appearance

Border Color | Black -
Short Description

BorderWidth |1 3: This page controls the appearance of the picture pane,
help pane, and page border i all the BehavePlus

documents that are open in the application. The
options you set on this tab page are preserved
~ Help between BehavePlus sessions.

<]

Ok | Cancel |

IV Picture

USDA Forest Service General Technical Report RMRS-GTR-106WWW. 2003 9
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BehavePlus v2.0 User’s Guide

You can also choose to show the picture or not in individual windows by selecting or clearing the Picture

check box

BS BehavePlus 2.0.0 Ignition Module Options

=1 E3

Probability of Ienition Probability of
I . 0
from a Firebrand Ignition from a
Firebrand

Probability of Tgnition

from Lightning
Short Description
The probability of ignition 1z an indication of the

_ chance that a firebrand will cause an ignition. The
; = @ ¥ Help mumber of firebrands, their size, and the fiuel on

& Back |* Frwrd |m Home |@ Indexl

rrbact Hharr Tam A in velrmarme Tharafrea Hooea dn LI

Ol | Cancel |

2.3. Features

2.3.1. Fire Models

BehavePlus contains models to estimate

e surface fire spread, intensity, flame length, scorch height, and direction of maximum spread

e surface fire spread rate, intensity, flame length, and scorch height in any compass direction

e fire shape, area, and perimeter

e spotting distance from a burning pile, from torching trees, or from a wind-driven surface fire

e  success or failure of suppression resources to build line around a fire

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

e fire-induced tree mortality

e  probability of fire ignition from firebrands

e  probability of fire ignition from lightning strikes

¢ relative humidity or dew point temperature

e midflame wind speed
e fine dead fuel moisture content

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

e  palmetto-gallberry dynamic fuels
e custom fuel models

e custom moisture scenarios

e weighted fire behavior within a two fuel model complex

10
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2.3.2. Operation

BehavePlus has the following operational features:

e  BehavePlus is cross-platform and works identically on all versions of Windows and Linux.

e  Multiple Worksheets may be open at one time.

e Worksheets may be overlaid, tiled, cascaded, and resized.

® Modules (collections of related fire models) may be individually toggled on/off.

e Modules may have alternate input options available through the Configure > Module > Options >
Input Options dialog box.

e Module output variables can be toggled on/off via the Configure > Modules > Options >
Output Variables dialog box.

e Modules may be linked so the outputs from one module are automatically input into another module.

e All distance outputs may be scaled to map units.

e All input and output units of measure may be modified by the user.

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

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

e  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.

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

e 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.

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

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

e The user interface language may be dynamically changed via Configure > Language. Currently
English (U.S.) and Portuguese (Portugal) are supported. (Contact cbevins@montana.com if you'd like
to volunteer to add support for another language).

e 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 either the Windows or Linux 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_2 0 O.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:

e Linux or Windows 95, 98, ME, NT, 2000, or XP

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

e 16 megabytes of available RAM
e 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_2_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. Linux Installation

BehavePlus for Linux is packaged as a tarball using tar and gzip. Move the downloaded file (bp-2.0.0.tar.gz)
into the parent directory where you wish it to be installed, and enter

> tar xvzf bp-2.0.0.tar.gz

This creates the bp-2.0.0 subdirectory and unpacks the BehavePlus binary executable, supporting library files,
and data subdirectory structure within it.

2.4.5. 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.

Falders x
S| E=havePlus ﬂ
=1-{_] DefaultDataFolder
--[] CaptureFolder
[:I MyScreenCaptures
1 ComposerFolder
=1-(] FuelModelFalder
Z] MyFuelMadels
[ soCalifornia
=1-_] MoistureScenarioFolder
[:I MyMoistureScenarios
] Tstmdl
=1-{_] RunFolder
27 ExampleRuns
[:I MyRuns
=1-_] UnitsSetFolder
[C] Mylnits5ets
=1+ WorksheetFolder
27 Exampletworksheets
2 MyWorkshests
+-[_] DocFolder
] ImageFalder
+1-{_] Farsited
] FireFamily Plus =]

This is the default current Workspace every time BehavePlus is started.
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We recommend that you use Workspaces to aid file management as you apply BehavePlus to several projects.
See the section 8.1 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 Units Sets UnitsSetFolder

.bpw Worksheets WorksheetFolder

2.5. Definitions

A Worksheet is the first page or two containing the input Entry Fields. The content of a Worksheet depends
upon the specific BehavePlus configuration including module selections, input options, output variables, 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 ouputs 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 Fuel 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 dialog 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.
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2.6. Menus and Toolbar
All BehavePlus operations are available from the menu bar.

M., BehavePlus 2.0.0 - [0Startup] M=l
[*1 File Wew Configure Pages ‘Windows Tools Help =& X

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
S Definition Equivalent menu operation
3 Open a new Worksheet File > New
= Open a saved Run File > Open run
= Print this Run File > Print
:“__E- Module selection Configure > Module selection
ﬁ Calculate this Run File > Calculate
ﬂ Display first page Page > then select page #
g Display last page Page > then select page #
ﬁ' Display previous page Page > then select page #
{L Display next page Page > 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.

A number of predefined example Worksheets are included in the BehavePlus installation. You may use these
Worksheets as provided, or use them as starting points for your own configuration. Simply open an example
Worksheet and proceed to change your Module selection, input options, and/or output variables. 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.

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 applications or for fire projection applications
are optionally activated through 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 k4 button that may be pressed for input assistance. Entry text
boxes are grouped under headings such as “Fuel/Vegetation”, “Fuel Moisture”, “Weather”, and “Terrain”.

Run Options — 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.

Following is an example Worksheet:

USDA Forest Service General Technical Report RMRS-GTR-106WWW. 2003 15



Worksheets BehavePlus v2.0 User’s Guide

mBehaveplus 2.00 IMMon, Feb 24, 2003 at 15:32:05 Page 1
. N
Modules: SURFACE, SPOT
Description ﬂ |
Fuel/Vegetation
Fuel Model Bz
Mean Cover Height ft a I
Fuel Moisture
Dead Fuel Moisture % a I
Live Fuel Motsture % a I
Weather
20-ft Wind Speed (upslope) mih Y |
Wind Adjustment Factor a |
Tetrain
Slope Steepness % a |45

Ridge-to-Valley Elevation Difference ft ﬂ I
Ridge-to-Valley Horzontal Distance mi

Spotting Source Location

Run Options
Wind direction is upslope.
Calculations are only for the direction of maximum spread.
Wind and spread directions are degrees cloclewise fom upslope.
Wind direction is the direction the wind is pushing the fire

Qutput Variables
Rate of Spread (masmmum) (ch/h)
Flame Length ()
Midflame Wind Speed (upslope) (mith)
Spotting Distance from a Wind Driven Surface Fire ()

Notes

| |

3.1.1. Page Header

The header of each page includes the version number of the BehavePlus program, the date and time of the
calculation, and the page number.

The date and time and page number can be used to correctly collate printed documents.

!g BehavePlus 2.0.0 Mon, Feb 24, 2003 at 15:32:05 Page 1
é h

3.1.2. Documentation

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

?g BehavePlus 2.0.0 Mon, Feb 24, 2003 at 15:32:05 Page 1

/

Modules: SURFACE
Description a |

16 USDA Forest Service General Technical Report RMRS-GTR-106WWW. 2003



BehavePlus v2.0 User’s Guide Worksheets

: o Additional documentation lines can be added by selecting the Fire
Fire projection projection documentation and/or Training documentation
documentation check boxes from the Configure > Appearance > Worksheet tab.

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

Eg BehavePlus 2.0.0 Mon, Feb 24, 2003 at 15:32:05 Page 1

/

Modules: SURFACE

Description a [

Fire Name |
Fire Date & Projection Period |
Fire Analyst |

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

Eg BehavePlus 2.0.0 Mon, Feb 24, 2003 at 15:32:05 Page 1

/

Modules: SURFACE
Description a [
Training Course

Training Exercise

M

Trainee Name and Date

Both options can be checked.

3.1.3. Input section

The required input variables and their units are displayed next to their entry fields. Fuel moisture variables
that are not required have the text box shaded. In the example below, only 1-h fuel moisture is required for
fuel model 1, because the other fuel categories are not included in the fuel model.

The Guide &4 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.

m BehavePlus 2.0.0 Page 1
i =
Modules: SURFACE
Description I
Fuel/Vegetation
Fuel Model |J.
Fuel Moisture
1-h Moisture %o [
10-h Moisture % I
100-h Moisture %o [
Live Herbaceous Moisture % [
Live Woody Moisture % I
Weather
Midflame Wind Speed mih [
Direction of Wind Vector (from upslope) deg [
Terrain
Slope Steepness % [
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3.1.4. Input codes

The definition of valid input codes can be displayed on the
Show imnput codes Worksheet by selecting the Show input codes for all

for all discrete variables discrete variables check box on the Configure >
Appearance > Worksheet tab.

v
For example, with this option selected, fuel models names are given.

=4 BehavePlus 2.0.0 Page 1

s p
Modules: SURFACE
Description \

Fuel/Vegetation
Fuel Model [2

1: Short grass

: Timber with grass and understory
: Tall grass

: Chaparral

: Brush

: Dormant brush, hardwood slash

: Southern rough

: Closed timber litter

: Hardwood litter

=T B e Y &

10: Timber with litter & understory
11: Light logging slash
12: Medium logging slash

13: Heavy logging slash

3.1.5. Run options

For clarification, Run options are given after the input variables. The user does not have the option of
suppressing this information.

Run Options
Calculations are only 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.

3.1.6. Output variables

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

- Show output variables the input Worksheet using the Configure > Appearance >
to be calculated Worksheet tab.
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For example:

Worksheets

?g BehavePlus 2.0.0 Page 2
/ Input Worksheet (continued) \
Output Variables

Heat per Unit Area (Btu/ft2)
Fireline Intensity (Btu/ft/s)
Flame Length (ft)

Maximum Wind Exceeded?

3.1.7. Notes

~ Show notes section

Rate of Spread (maximum) (ch/h)

Direction of Maximum Spread (from upslope) (deg)

Notes Lines |4

3.1.8. Borders

=

Border Color IBlack

BorderWidth |1

The Notes section of the Worksheet allows the user to enter a

large 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 on the Configure >
Appearance > Worksheet tab with the Show notes
section check box and the Notes Lines spin box.

The border color and thickness on the Worksheet and output
pages can be 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.

USDA Forest Service General Technical Report RMRS-GTR-106WWW. 2003
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3.1.9. Page Tabs

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

B BehavePlus 2.0.0 Appearance Options =13

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

- Back | L Frwrd | A Home | & Index |
v Display the page tab Bl -
Tabs per Page |4 s %? ] Page Tab Options
Tab Postion |2 = M‘z

Tab Text IExample 2

Tab Text Color |N=iEMWS

Short Description

This page controls the appearance of page tabs on BehavePlus pages

Tab Font Size |12 = Tou can configure BehavePlus to display a page tak along the right margin of the
page. This is usefitl, for example, to identify runs for a particular fire or tramning
session which are subsequently bound in a 3-ring binder or stored in filing folders.

™ Picture ¥ Help

Appearance Controls |

Ol I Cancel |

Tabs per page -- The size of the tab depends upon the value selected in this spin box. Only one tab is actually
displayed per page. If tabs per page is 4, the displayed tab occupies one-fourth the page height. If it is 10, 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 1 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.

The above settings create the tab on the Worksheet below:
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@BehavePlus 200

Page 1

=

Modules: SURFACE

Description a I

Fuel/Vegetation
Fuel Model
Fuel Moisture
1-h Mosture
10-h Moisture
100-h Moisture
Live Herbaceous Moisture
Live Woody Moisture
Weather

Direction of Wind Vector (from upslope)
Terrain
Slepe Steepness

Midflame Wind Speed mith a |

1

%o
%o
o
%o
%0

e

degal
% B |

7 adurexq

Run Options

Calculations are only for the direction of maxitmim spread.
Wind and spread directions are degrees clockwize from upslepe
Wind direction is the direction the wind is pushing the fire

3.2. Loading a previously sa

ved Worksheet

A previously saved Worksheet can be loaded using

e the File > New command,

e orthe 2 toolbar button.

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

To select a Worksheet either

e double click on it,

e or select and click the OK button.

Worksheets

A set of Worksheets is supplied with the program in the “ExampleVWorksheets” folder. A short description is

given for each. See Appendix E for further description of the “ExampleWorksheets”.

- 3 SurfaceSpotIenite bpw
- 3 MyWorksheets 0

Worksheet |Files |Description
& QExample 9 Standard BehavePlus worksheets
- & 0Startup. bpw Blank worksheet, default initialization, Englis
- ¢ FuelModeling bpw Surface fire, fuel modeling
- ¢ SlopeMap.bpw Slope calc from map measurements
& SwrtaceBasic. bpw Surface fire in the dir of max spread (DIREC"
¢ SwrtaceBasicFrom bpw Wind direction "firom"
& SwrtaceMap. bpw Surface spread map application
¢ SurfaceScorchMortality bpw Linked models, spread direction mput
¢ SurfaceSimple bpw Surface fire spread, simple case, upslope spre

Spotting from a wind-driven surface fire

Default user worksheet folder

USDA Forest Service General Technical Report RMRS-GTR-106WWW. 2003
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3.3. The startup Worksheet

The 0Startup.bpw Worksheet automatically loads whenever you start Behave Plus v2.0. 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 example Worksheets.

A Worksheet can be designed to meet specific needs by starting with the 0Startup.bpw 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.

3.4. 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.

3.5. Saving a Worksheet or a Run

A Worksheet can be saved for later use with the File > save As > 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 > save As > Run
command.

See the Section 18.4, 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 the output variable table in Appendix
B.

Sutface Fire Spread .
v
¥ (SURFACE) !p“‘ms“
Safety Zone .
-
(SAFETY) Cptions...
Size of a Pt Source Fire .
-
(SIZE) Options...

Fire Contamment

(CONTATH)

- fgf;g% Dizstance M

g é&%ﬁ?ﬁ?ﬂ [Erm. |

= (};r(;l}i)%};ﬂ‘ét)y of Ignition M
- (If:ReII%tive Hurnidity M

™ Display output distances in map units

Ciptions...

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 Appendix B.

Selection of modules, options, and output variables determines the required input variables.

The Options... button is used to configure a modules input options or change the output variables it
calculates.

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:

Bark thickness 1s

& gpecified on the worksheet.

 estimated from species and d.b.h.

The choice affects the input variables included on the Worksheet. If Bark thickness is specified on the
worksheet is selected, the resulting Worksheet is as follows:
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!?g BehavePlus 2.0.0 Page 1
o A
Modules: MORTALITY
Description |
Fuel/Vegetation
Tree Height ft |
Crown Ratio |
Mortality Tree Species |
Bark Thickness in |
Fire
Scorch Height ft |
Run Options
No run options selected.

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

E! BehavePlus 2.0.0 Page 1
5 A
Modules: MORTALITY
Description [
Fuel/Vegetation
Tree Height ft |
Crown Ratio |
Mortality Tree Species |
DBH in By |
Fire
Scorch Height ft |
Run Options
No run options selected.

The SURFACE module has many input options. For readability, they are available on several tabs:
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B BehavePlus 2.0.0 Surface Module Options [_ O] x]
Fuel& Motsture |Wind | Directions | Slope | Outputs | P-G Outputs |
- Back | » Frwed | T Home | -©n Index |
~Fuel s entered as =

Modules

[
@ fuel models

" fuel parameters Y

SURFACE Module Fuel & Moisture

 dynamic palmetto-gallberry }_{_ﬂ W) Tt

two filel models,
2-dimensional expected spread.

’
harmonic mean,

two fuel models,

 dead and live category.

" motsture scenario

I Picture ¥ Help

two fuel models, Short Descripiion

This page controls the mput of firel and moisture parameters into the SURFACE Module.

area weighted (ke old BEHAVE) Options
~Iowsture 15 entered by ———————————— Fuel is entered as
@ individual size class Suel models.

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

This i5 the most common way of running BehavePlus as it greatly simplifies

input. If you have special fuel situations, create a custom_fuel modsi and
B R Y .. |

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.

B BehavePlus 2.0.0 Spot Module Options

é'Ou.i.:.];ﬁfm\..}ariables_

IS[=] E3

P Back |¢ Frwrd |m Home |@ Index

Spotting Distance 7

Driven Surface

m from a Wind

a Wind Drven Suface Fire

distance.

. Spotiing Distance from Fire
Torching Trees
Short Description
The mazimum distance that one can expect
potential spot fires based on Hrebrands from a
Spotting Distance from spreading wind-drven surface fire. The model s
r a Burning Pile applicable only if the fire 12 truly wind driven
through surface fuels that are not sheltered from
the wind by overstory
Input to Modules
* MNone
Spotting Dist i
L B G Output from NModules

* SPOT, of Spotting Distance from a Wind
Driven Surface Fire 15 selected as an
cutput variable,

Spotting distance can also be output as a map

™ Picture ~ Help More Information

J<

Ok | Cancel |
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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 is blank on purpose.
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5. Entering input

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

5.1. Shaded text boxes

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

5.2. Direct entry

Values can be typed directly into the entry fields. Using the ‘Enter’ or ‘Tab’ keys move the cursor to the next
field. The cursor can be moved to any field by a mouse click.

Valid input values can be viewed by using the guide k&d button.

5.3. Range of values

More than one value can be entered for an input variable. Multiple values are separated by space or comma
delimiters.

For continuous variables the Guide button allows definition of a range of values by a
(0.0-60.0m/h) | constant increment. For example, midflame wind speed from 0 to 20 mi/h in steps of

From |0 5 enters 0, 5, 10, 15, 20 on the Worksheet below.
Thru |20

Step |5

Weather
Midflame Wind Speed (upslope) mi‘h ﬁ |0_ o, 5.0, 10.0, 15.0, 20.0

You do not need to always specify equal steps. You can enter several independent values separated by
commas directly in the text box.

5.4. Discrete variables
When the Guide button is clicked for a discrete variable, the allowed selections are given in the center pane.

Clicking the values selects them; you can select several values. This example shows the fuel model “Input
Guide” dialog box. The Ok button enters them on the Worksheet.
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B BehavePlus 2.0.0 Input Guide

[=1 k3

Sort | Value | Description

I:

001 o1 Short grass

Jormant h, hard
7 Southern rough
8 Clozed timber litter
ooz 9 Hardwood litter

011 11 Light logging slash
01z 1z Iledium logging slash

ooz 2 Tinber with grass and understory

01s 13 Heawy logging slash zl
™ Ficture ™ Help
Ol | Clear Cancel
5.5. Choices

BehavePlus v2.0 User’s Guide

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.

B3 BehavePlus 2.0.0 Input Guide

I[=l E3

(0 - 100 %)

¥ Picture I Help

Ok Clear m Cancel |
R S

Clicking the Choices button displays commonly used values.
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B BehavePlus 2.0.0 Slope Steepness _ (O] x|

PercentlDegrees |‘ Selected values in the Slope Steepness choices.

Clicking the Ok button enters them on the
Worksheet.

&0 31 [

¥ Picture [ Help

Ol | Cancel |

5.6. Linked input variables
In some cases input variables are directly associated with each other (an exception to the general rule). For

example, in CONTAIN a line production rate, arrival time, and duration are assigned to each resource. 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.

ﬂ BehavePlus 2.0.0 Wed, Feb 26,2003 at 11:21:27 Page 1
4 N
Modules: CONTAIN
DCSCI’iptiOI‘l |3 crews, single calculation
Fire
Rate of Spread (maximum) ch/h |1 0.0
Fire Size at Report ac [o.s
Length-to-Width Ratio 2
Suppression
Suppression Tactic [Head
Line Construction Offset ch o
Resource Name Icrewl crewZ crewl
Resource Line Production Rate ch/h Il 0 20 15
Resource Arrival Time h [0 0.5 2
Resource Duration h [5 5 5

USDA Forest Service General Technical Report RMRS-GTR-106WWW. 2003
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30

L &4 BehavePlus 2.0.0 Wed, Feb 26, 2003 at 11:21:27 Page 2

r 0

3 crews, single calculation

Time from Report 1.4 h
Contain Status Contained
Contained Area 5.2 ac
Fireline Constructed 26.6 ch
Number of Resources Used 2
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6. Table output

— )

o

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 checkbox in the “Calculate Results” dialog box that
displays after selecting a File > Calculate command.

B4 BehavePlus BehavePlus 2.0.0 Calculate Results

ISi[=] E3

< W Dizplay table results )

™ Display graph results

™ Specify graph T amis limits

Tables

Cne mnput variable has multiple values:
* Lhidflame Wind Speed

Tt prowvides the table's row walues.

The output vanables are the table's column walues,

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:

Eg BehavePlus 2.0.0

Wed, Feb 26, 2003 at 11:29:50

Page 1

/

Modules: SIZE

Description |Table Output Examples

Weather
Effective Wind Speed mih Y |5
Fire
Rate of Spread (maximum)  ch/h |lO
Elapsed Time h [1
g BehavePlus 2.0.0 Wed, Feb 26, 2003 at 11:29:50 Page 2

-

Table Output Examples
Area 3.9 ac
Perimeter 25 ch

USDA Forest Service General Technical Report RMRS-GTR-106WWW. 2003
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6.2. Table output

When more than one value is assigned to a variable, table output is produced. Each output variable is a
specified column. For example, these Rate of Spread inputs produce the page 2 table below:

m BehavePlus 2.0.0 Wed, Feb 26, 2003 at 11:40:25 Page 1

Modules: SIZE
Description |Table Output Examples
Weather
Effective Wind Speed mi‘h ‘5

Fire

Rate of Spread (maximum)  chth 5, 1 w

Elapsed Time h ‘1

% BehavePlus 2.0.0 Mon, Apr 14, 2003 at 15:08:26 Page 2

s )

Table Output Examples

ROS Fire Fire
(max) Area  Perimeter
ch/h ac ch
5.0 1.0 12
10.0 3.9 25
15.0 8.7 37

6.3. Two way tables

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

'-.g BehavePlus 2.0.0 Wed, Feb 26, 2003 at 12:03:19 Page 1

Modules: SIZE
Description ‘Table Output Examples
Weather
Effective Wind Speed mi‘h [5

Fire

Rate of Spread (maximum)

ch/h [5, 10, 15 \

h BY0.5, 1.0, 1.5, 2y

—_— ———

Elapsed Time

Run Options
No run options selected.

Output Vanables
Area (ac)
Perimeter (ch)
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W Display table results
Select the Table Eow Wanable

{+ Rate of Spread {measimum)
~ Elapsed Time

I Display graph results
Select the 3-Aswms Variable

+ Rate of Spread (mamimum)

~ Elapsed Time

™ Specify graph T aods limts

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

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

!_'g BehavePlus 2.0.0 Wed, Feb 26, 2003 at 12:03:19 Page 2
Table Output Examples
Area (ac)
ROS Elapsed Time
(max) h
chvh 0.5 1.0 1.5 2.0
5.0 0.2 1.0 2.2 3.9
10.0 1.0 5.9 8.7 15.5
15.0 2.2 8.7 19.7 35
radih
L =4 BehavePlus 2.0.0 Mon, Apr 28, 2003 at 06:57:56 Page 3
Table Output Examples
Perimeter (ch)y
ROS Elapsed Time
(max) h
ch/h 0.5 1.0 1.5 2.0
5.0 3 12 12 &5
10.0 12 25 37 50
15.0 19 37 56 74

v Display table results
Select the Table Row Vanable

¢ Rate of Spread (mazimum)

t+ Elapsed Time

I Dhsplay graph results
Select the 3{-Awxs Vanable

+ Rate of Spread (mazimum)
" Elapsed Time

I~ Specify graph T acds limits

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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frl
Lo

BehavePlus 2.0.0 Mon, May 05, 2003 at 10:36:47 Page 2
Table Output Examples
Area (ac)

Elapsed Rate of Spread (maximum)
Time ch/h
h 5.0 10.0 15.0
0.5 0.2 1.0 -2
1.0 1.0 3.9 8.7
1.5 Zod 8.7 138.7
2.0 3.9 15.5 35.0

s

L %4 BehavePlus 2.0.0 Mon, May 05, 2003 at 103647 Page 3

4 N

Table Output Examples
Peritneter (ch)

Elapsed Rate of Spread (maximumy)

Time ch/h

h 5.0 10.0 15.0
0.5 5] 1z 19
1.0 1z 25 37
1.5 19 37 19
2.0 50 50 T4

6.4. Table appearance
Table shading can be changed 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 readability of wide tables. If the check box is cleared,

¥ Shade alternate table rows | t@bles are displayed without any row background color.

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

Shade | Light Grey -

6.5. Multiple pages

There is essentially no limit on the number of values that can be assigned to a 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.
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\ =4 BehavePlus 2.0.0

Table output

Page 1

/

Modules: SIZE

DeSCI’iptiOI‘l ‘Table Cutput Examples

Weather
Effective Wind Speed mi‘h |5

Fire —
Rate of Spread (maximum) Cch'h \20.0, 22.0, 24.0, 26.0, 28.0, 30.9__>
Elapsed Time h By o —

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

for those variables in the indicated direction.

?%BehavePlus 2.0.0 Mon, May 05, 2003 at 10:45:44

Page 2

= )
Table Output Examples
Area (ac)

Elapsed Rate of Spread (maximum)
Time ch/h
h 2.0 4.0 6.0 8.0 10.0 12.0 14.
0.5 0.0 1) 03 0.6 1.0 10 L]
1.0 0.2 0.6 1.4 i S 5.6 T
1.5 (0] 253 ikl S 5.6 B 1725 g
20 0.6 et et S LR 22.4 B
L &4 BehavePlus 2.0.0 Mon, May 05, 2003 at 10:45:44 Page 3

== A

Table Output Examples
Area (ac)
lapsed Rate of Spread (maximum)
ime chh
16.0 18.0 20.0 22.0 24.0 26.0 28.

0.5 2.5 3.1 3.9 4.7 5.6 6.6 7.8
1.0 9.5 12.6 15.5 18.8 22.4 26.3 30.5
1.5 22.4 28.3 35.0 42.3 50.3 53.1 88.5
2.0 359.8 50.3 52.2 75.2 89.5 105.0 121.8
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Pg BehavePlus 2.0.0

Wed, Feb 26, 2003 at 14:41:24

BehavePlus v2.0 User’s Guide

Page 4

&)

Table Output Examples
Area (ac)

< Elapsec ate of Spread (maximur
< Time ch/h
< h 30.0

0.5 8.7

1.0 35.0

1.5 T8.7

2.0 139.9

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

multipage 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:

'-'g BehavePlus 2.0.0

Wed, Feb 26, 2003 at 14:51:01

Page 2

36

Table Output Examples
Area (ac)

ROS Elapsed Time
(max) h
ch/h 0.5 1.0 1.5
2.0 0.0 0.2 0.3
4.0 0.2 0.6 1.4
6.0 0.3 1.4 3.1
8.0 0.6 2.3 5.6
10.0 1.0 3.9 8.7
12.0 1.4 5.6 12.6
14.0 1.9 7.6 17.1
16.0 203 9.9 2z2.4
18.0 3.1 12.6 28.73
20.0 3.9 15.5 35.0
22.0 4.7 18.8 42.3
24.0 5.6 22.4 50.3
26.0 6.6 26.3 59.1
28.0 7.6 30.5 68.5
30.0 8.7 35.0 78.7

22.
30.
3%,
50,
62,
75.
39.
105.
121.
139.

LS S ]

2

[¥o o v I T o3 I S R S R YR T o o 3 BT S B Vo o R ) B Y e
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7. Graph output

o

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.

[ Display table results

v Dhisplay graph results

[ Specify graph ¥ amis limits

7.1. 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, 11, 13, 15 produces the same graph as rate of spread entry of 5, 15:

g BehavePlus 2.0.0 Wed, Feb 26, 2003 at 14:51:01 Page 1

Modules: SIZE
Descriptiorl IGraph Output Examples
Weather
Effective Wind Speed mi‘h [5

Fire

Rate of Spread (maximum)  ch/h [5,15
Elapsed Time h 1.0
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g BehavePlus 2.0.0 Wed, Feb 26, 2003 at 15:15:15 Page 2

- Graph Output Examples \

Area (ac)
|

0 I ‘ T ‘ I | T | I ‘ I | T | I
1] 2 4 i) 8 10 12 14 16
Rate of Spread (maximum) (ch/h)

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
13 fire behavior fuel models:

L“g BehavePlus 2.0.0 Wed, Feb 26, 2003 at 15:15:15 Page 1
: ™

Modules: SURFACE

Description [sraph cutput Examples
Fuel/Vegetation

Fuel Model Bl s 6 7,8 9 10, 11, 12, 13
Fuel Moisture

Dead Fuel Moisture %% [5

Live Fuel Moisture % a [1o0
Weather

Midflame Wind Speed (upslope) mi‘h a |6
Terrain

Slope Steepness % [12]
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ﬂ BehavePlus 2.0.0 Wed, Feb 26, 2003 at 15:24:32 Page 2

B Graph Output Examples y

180—

160—

140—

120—

100—

80—

60—

40—

Rate of Spread (maximum) {ch/h)

20—

0_

1 2 3 4 5 6 7 8 9 10 11 12 13
Fuel Model

7.2. Two variable graph

When a range of values is assigned to two variables, a graph is produced. If both variables are continuous, the

variable used for the X-axis can be selected from the “Calculate Results” dialog box. For example:

gBehavePlus 2.0.0 Wed, Feb 26, 2003 at 15:24:32 Page 1
- ™

Modules: SURFACE

Description a IGraph Output Examples
Fuel/Vegetation

Fuel Model |2
Fuel Moisture

Dead Fuel Moisture % [5, 10, 15

Live Fuel Moisture % a [1oo
Weather

Midflame Wind Speed (upslope) mi‘h [o.o, 5.0, 10.0, 15.0, 20.0
Terrain

Slope Steepness % [12

In the “Calculate Results” dialog box clear the Display table results check box and accept the defaults in
the Display graph results section:

USDA Forest Service General Technical Report RMRS-GTR-106WWW. 2003

39



Graph output BehavePlus v2.0 User’'s Guide

@ BehavePlus 2.0.0 Wed, Feb 26, 2003 at 15:55:10 Page 2

B Graph Output Examples 1

4350

_ Midflame Wind Speed (upslope)
400— (mi/h)

350—

300—

Rate of Spread (maximum) (ch/h)

|
0 2 4 4] 8 10 12 14 1o
Dead Fuel Moisture (%)

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

\ #=n BehavePlus 2.0.0 Wed, Feb 26, 2003 at 16:02:43 Page 2

B Graph Output Examples 1

450

Dead Fuel Moistul

&~
7

i
LA
‘o

L
<
‘o

250—

200—

—
L
|o

Rate of Spread (maximum) (ch/h)
=
I

50—

0 - 15
ettt
0 2 4 6 8 10 12 14 16 18 20
Midflame Wind Speed (upslope) (mi/h)

If a range is assigned to two variables, one of which is continuous and one discrete, the continuous variable is
always on the X-axis. For example:
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L"g BehavePlus 2.0.0

Wed, Feb 26, 2003 at 16:02:43

Page 1

/

Modules: SURFACE

Fuel/Vegetation
Fuel Model
Fuel Moisture
Dead Fuel Moisture
Live Fuel Moisture
‘Weather

Terrain
Slope Steepness

Descriptiona IGraph Output Examples

Bl oz 3 4

% B

% B oo

Midflame Wind Speed (upslope) mi‘h |o.o, 5.0, 10.0, 15.0, 20.0

% B[z

™ Display table results

" Fuel Model

Select the Table Eow Variable

 Mdflame Wind Speed (upslope)

¥ Display graph results

™ Specify graph T azis limits

l-'g BehavePlus 2.0.0

Wed, Feb 26, 2003 at 16:27:53

Page 2

P

800

Graph Output Examples

700—

600—

500—

400—

300—

200—

Rate of Spread (maximum) (ch/h)

100—

Fuel Mode

|
6 8 10 12 14
Midflame Wind Speed (upslope) (mi/h)

|
16

18

20

A graph is not possible when ranges are selected for two discrete variables.
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Now you no longer have the option of changing the X-Axis Variable
in the “Calculate Results” dialog box.
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7.3. Axis scales
7.3.1. X-axis

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

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

For example, consider the following Run:

ﬂ BehavePlus 2.0.0 Page |
e :
Modules; SURFACE
Description [::—rag:-'n axis example
Fuel Vegetation
Fuel Model [5
Fuel Moisture
1 -h Moisture % a |4 20
10-h Moisture % |':\
100-h Moisture % |
Live Herbaceous Moisture Y [
Live Woody Maisture % [1zo
Weather
MidName Wind Speed mih |0 4 8
Direction of Wind Vector (from upslope) deg |U
Terrain
Slope Steepness % [o]
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 Short "I

—_ -
),
raon (D)
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gBehavePlus 2.0.0 Thu, Feb 27, 2003 at 06:17:39 Page 2
B Graph axis example \
40
| Midflame Wind Speed
35— {mih)

Rate of Spread (maximum) (ch/h)
[ o]
(=

0 2 4 6 8 10 12 14 15 18 20
1-h Moisture (%)

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 (%6) |50 =

Graph Title I =hort 'I

Y Axis Onigin IZero vI
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gBehavePlus 2.0.0 Thu, Feb 27, 2003 at 06:22:53 Page 2
Graph axis example
40 = =
] Midflame Wind Speed
35— (mi‘h)
ﬁ —
£ 30—
’g |
g 25—
% —
& 20—
=
3 |
2. 15—
2
- |
[=]
L‘; 10—
21 — .0
5_
j 0.0
0 — 71 T ] T 1 T 1T T ' 7] T ] 7
4 6 8 10 12 14 16 18 20
1-h Moisture (%)

7.3.2. 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.

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

g BehavePlus 2.0.0 Thu, Feb 27, 2003 at 06:30:08 Page 1

s N
Modules: SURFACE
DCSCFiptiOH IGraph axis example

Fuel/Vegetation
Fuel Model [1o
Fuel Moisture
1-h Moisture % [a zo
10-h Moisture % |5
100-h Moisture % |5
Live Herbaceous Moisture % |
Live Woody Moisture % |l 20
Weather
Midflame Wind Speed mi‘h o a s
Direction of Wind Vector (from upslope) deg |0
Terrain
Slope Steepness % a |0
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With the X Axis Origin and Y Axis Origin set to zero, the rate of spread graph below is produced:

gBehavePlus 2.0.0 Thu, Feb 27, 2003 at 06:30:08 Page 2
;- Graph axis example \
16 - -
| Midflame Wind Speed
14— (mi'h)

Rate of Spread (maximum) (ch/h)
=]

Tttt
0 2 4 4] ] 10 12 14 16 18 20
1-h Moisture (%a)

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.

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.

[ Display table results
Select the Table Fow Wanable

& 1-h Motsture

= Mlidflame Wind Speed

W Display graph results
Select the - Az Vanable

% 1-h Modsture
= Mlidflame Wind Speed

v Specifty graph T @

This displays the “Graph Limits” dialog box, where you can change the Y-axis maximum for the variable Rate
of Spread (maximum) to 40:
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B BehavePlus 2.0.0 Graph Limits Dialog _ O}

: T Az T Aws
Graph ¥ Variables Output Range i Wi
Rate of Spread (masitmum) 00-155chh [0.0 §||m 2
Heat per Unit Area 0 - 1357 B2 [0 21]1400 E
Fireline Tntensity 0 - 387 Bu/is |0 21400 B
Flame Length 00-708  |oo 2o E
Direction of Maximum Spread (from upslope) -1 - 1 deg IO i’ Il i’
™ Picture [~ Help

Ok | Cancel |

gBehavePlus 2.0.0 Thu, Feb 27, 2003 at 06:54.32 Page 2
B Graph axis example, fuel model 10 1
40
| Midflame Wind Speed
45| (mmi'h)

Rate of Spread (maximum) {ch/h)
ba
[=]

0 I I ) B B Y Y R B B
0 2 4 4] 8 10 12 14 16 18 20
1-h Moisture (%0)

The comparison with the corresponding graph for fuel model 5 is now more straightforward.
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gBehavePlus 2.0.0 Thu, Feb 27, 2003 at 06:57:11 Page 2

/

Graph axis example, fuel model 5

Midflame Wind Speed
(imi‘h)

Rate of Spread (maximum) (ch/h)
[ =]
[am}

0 2 4 6 8 10 12 14 16 18 20
1-h Moisture (%a)

7.4. Graph appearance

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

B BehavePlus 2.0.0 Appeatance Dptions

Graph Elements ) Page Tabs | Tables | “Worlcsheet |

- Back | » Frwrd | A Home | &n Index |

Graph Size (%) |50 =1 || Appearance Controls

Graph Size
Graph Title Shott -

Controls graph vertical height. Graphs are drawn starting at the upper left comner
of the page and may occupy 23% to 100% of the page height

X Asds Origin | Zero -l Craph Title
Controls graph title content
Y Az Origin | Zero -

* Short
displays just the run description as a title.

* Long
displays the run description and graph X- and T-ams variable names as a i
Lt

Cancel

I Picture v Help
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7.4.1. Graph Size

Graph Size (%) (B 2| | The vertical graph height on the page is set with the Graph Size(%) spin box on
the Configure > Appearance > Graph Size tab.

GrghTite  [shont ] 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.
3 Axis Ongin | Zero 'l

T Axis Origin | Zero 'I

gBehavePlus 2.0.0 Thu, Feb 27, 2003 at 06:57:11 Page 1
a \
Modules: SURFACE, SAFETY
Description B [Graph size example
Fuel/Vegetation
Fuel Model a [10
Fuel Moisture
Dead Fuel Moisture w B [5.6,9,12,15
Live Fuel Moisture % a [100
Weather
Midflame Wind Speed mi‘th a [o4s
Direction of Wind Vector (from upslope)  deg a |O
Terrain
Slope Steepness % a [o
Suppression
Number of Personnel a 3
Area per Person fi2 a [50
Number of Heavy Equipment a [0
Area per Heavy Ecuipment fi2 a |
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t"gBehsﬁrePlus 2.0.0 Fri, Mar 21, 2003 at 15:06:34

Page 3

-

Graph size example

Rate of Spread (maximum) (ch/h)

— 0o

6— \10

Midflame Wind Speed
(mi/h)

0 T T ]

U LI
& 8 10
Dead Fuel IMoisture (%)

/

Graph output

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

Graph Size (%)

Graph Title

short <
3 Az Ongin | Fero <
Y Awis Onigin | Zero <

USDA Forest Service General Technical Report RMRS-GTR-106WWW. 2003
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m EBehavePluz 2.0.0

BehavePlus v2.0 User’s Guide

Fri, Mar 21, 2003 at 15:41:45 Page 3

/

Eate of Spread (mazximum) (chih)

N

20

Graph size example y

18—

16—

14—

12—

10—

Mlidflame Wind Speed
(mu/h)

4 6 3 10 12 14 16
Diead Fuel Motsture (%)

7.4.2. Graph Title

Graph Title

Graph Size (%) |50

¥ Awiz Onigin IZero vI
Y Awms Ongn IZero 'I

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.

50
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gBehavePlus 2.0.0 Sat, Mar 01, 2003 at 12:20:3¢6 Page 1
- N
Modules: SURFACE, SCORCH
Description a ITj_tle description example
Fuel/Vegetation
Fuel Model |1O
Fuel Moisture
Dead Fuel Moisture % [3,9,15
Live Fuel Moisture % [100
Weather
Midflame Wind Speed mi‘h o5 10
Direction of Wind Vector (from upslope) deg |O
Air Temperature oF |75
Terrain
Slope Steepness % o

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

gBehavePlus 2.0.0 Sat, Mar 01, 2003 at 12:20:36 Page 2
B Title description exarmple \
30 = =
Midflame Wind Speed

N (mi'h)
g 25—
E
E 20—
g 0.0
%
& 15
=
o
8 .
&
& 10—
=]
2 —
&

5_
] 00
0 I T 7 T 1 T T T 1 T 7T 1
0 2 4 6 8 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 (¥4 |50 3:

Graph Title

H Aziz Origin IZero 'l
Y Az Origin IZero 'l
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gBehavePlus 2.00 Sat, Mar 01, 2003 at 12;38:14 Page 7
e

Title description example
Scorch Height

by Midflame Wind Speed

and Dead Fuel Moisture

Scorch Height (ft)
[ () [ (o)

0 L L L L L
4 5 ] 7 8 9 10
Midflame Wind Speed (mi‘h)

=1
-
[
[

7.4.3. Graph colors

Graph colors can be changed with the Configure > Appearance > Graph Elements tab.
B BehavePlus 2.0.0 Appearance Options H[=]

Application | Graph Size | Graph Elements IPage Tabs | Takles |Worksheet |

Backeround Im - Baclk | = Frwrd | A Home | &5 Index _Il
Ranbow Colors |3 3: Short Description

Bar Color Eed - This page controls the color and width of BehawvePlus output graph elements.
: -

o Potirs | 2 >| || Appearance Conirols

Curwe Color IRaj_nbow Colors ‘I

Curve Width 3 — Background Color

Astis Color IBlack vl Controls the graph's background color. Select one of the predefined

Aisis Width Iﬁ colors from the drop-dowmn list.
5 Wi

— Rainhow Colors
Gridline Color I Tellow "l

Gridline Width |1 — Controls the number of colors used to display graph lines or bars when
E x FRainbow coloring 15 selected.

~ Help If 4 colors are recquested, for example, four equally-spaced hues from
the celer spectrum are used to display each graph line or barintum. I =|

ok | Cancel |

™ Picture

Colors are selected from the predefined drop-down lists.

Background is the background color of the graph.

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

Background IWhite j
, - = Changing Rainbow Colors to 10 results in the following graph
Ramnbow Colors I 3, ooC
coloring:
Bar Color | Red |
. FY
Curve Fomnts |20 i’
Cutve Color IRajnbow Colors j
Curve Width |3 4
Logs Color IBlack j
Asis Width |1 2
Gridline Color I Yellow j
Gridline Width |1 B
gBehavePlus 2.0.0 Sat, Ivar 01, 2003 at 12:52:20 Page 2
Graph Colors example 1
Rate of Spread (maximum)
by Live Fuel Moisture
and Dead Fuel Moisture
35
| Dead Fuel Moisture
& 30— %)
Ehal
g 25—
=
g 7
X 20—
E 2
T 15—
1= |
0
o 10—
8 —
o
& 5— 0
0 ] T 7 T 17 T 7 T T T T
40 60 80 100 120 140 160 180 200
Live Fuel Moisture (%o)
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7.4.4. Line widths

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

BehavePlus v2.0 User’s Guide

Baclkground

Bar Color
Curve Pomnts

Curve Color

Rainbow Colors |10

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

I White

thickest.

Axis Width sets the width of axis lines drawn on the graph. 1 is thinnest

|Red
|20

Fanbow Colors

Curve Width i

Asas Color Elack
s Widh |1

Gridine Color | Yellow

idline Width

T R S S S

and 9 thickest.

Gridline Width sets the width of grid lines drawn on the graph. 1 is
thinnest and 9 thickest. To prevent the display of any grid lines set
Gridline Width to 0.

The following graph uses the default line and color settings.

gBehavePlus 2.0.0 Sat, har 01, 2003 at 13:06:07 Page 2
Line widths defaults
Rate of Spread (maximum)
by Live Fuel Moisture
and Dead Fuel Moisture
33
_ Dead Fuel Moisture
—_ {1}
2 30— (6)
£
25—
5
g 7
% 20—
g
g 15—
-
g _
3]
4+ 10—
8 —
&
3 0
0 T | | T | T \ T \ T | T | T
40 60 80 100 120 140 160 180 200

Live Fuel Moisture (%)
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Graph output

7.5. Number of curve points

I‘Nhite 'l

E 2

Eed

m a
v

IRainbow Colors 'l

Baclkground
Eainbow Colors
Bar Color -

Curve Points

Curve Color

Curve Width |2 =
Lo Color m
AisWhdh  [1
Gridline Color m
Cridline Width |1 =
Background I\Hhite—Ll

Rambow Colors |3 3:

The resolution of the curves can be changed with the Curve Points spin
box on the Configure > Appearance > Graph Elements tab.

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 points usually results in a marginal improvement in the
visual appearance and requires more computation time. In cases where
many curves are plotted and the calculation time is slow, reducing the
number of curve points will speed things up.

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

Bar Color Eed M
Curve Pomnts 5 —
Curve Color IRajnbow Colors Y|
Curve Width |2 —
As Color IBlack Y|
Az Width |1 3:
Gndline Color I Tellow Y|
Cridline Width |1 —
gBehavePlus 2.0.0 Sat, Iar 01, 2003 at 13;20:24 Page 2
Line points example 1
Rate of Spread (maximum)
by Live Fuel Moisture
and Dead Fuel Moisture
35
| Dead Fuel Moisture
— 0,
2 30— (%)
Eh
g 25—
=
g 7
% 20—
g - 7
g 15—
=
z _
2
o 10— 0
8 —
o
Mos—
0 T T ] T [ T ] T T T
40 60 80 100 120 140 160 180 200
Live Fuel Moisture (%)
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This page is blank on purpose.
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8. Diagram output

In addition to the usual table and graph output, BehavePlus produces diagrams for the following output
variables.

e  Wind/slopeffire spread direction diagrams from the SURFACE module
e  Fire characteristics chart from the SURFACE module

e Shape of a point source fire from the SIZE module

e Shape of a fire after suppression action from the CONTAIN module

The option of diagram output is given in the lists of output variables.

8.1. 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.

v Eate of Spread

I Heat per Tt Area
I Firelne Intensity

v Flame Length

™ Reaction Intensity
W Direction of Measamum Spread (from upslope)
I Spread Distance

™ Widflame Wimd Speed

™ Effective Wind Speed

™ Mazmum Eeliable Wind Speed

I Mlaczrm Wind Ezceeded?

™ Slope Steepness

™ Slope Elevation Change
™ Slope Honzentel-tushancs
v Wind/SlopelSpread Direction Dhagram

[~ Fire Clrors =
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 directions are

. degrees clockwise from upslope

{direction the wind is pushing the fire).

degrees clockwise from north

{direction from which the wind 1z blowing).
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ﬂzBEhaVEPIUS 200 Tue, Mar 18, 2003 at 12:53.05

Page 1

-~

Modules: SURFACE

Description a IWind,/ Slope/Spread direction example

Fuel/Vegetation

Fuel Model Bz
Fuel Moisture

Dead Fuel Moisture 25 a IE

Live Fuel Moisture Y a |12E|
Weather

Midflame Wind Speed ih B

@ﬁld Vector (from upslope) dew

Terrain

Slope Steepness % a |1D 40
Run Options

Calculatons are only for the dection of masamum spread

Wind apd speead-diseet: 4 lack from upslope
@is the direction the wind is p@

Output Variables
Eate of Spread (nasimum) (ch/h)
Flame Length (f)
Direction of Mazimum Spread (from upslope) (deg)
Wind/SlopelSpread Direction Diagram

@BehavePlus 2.0.0 Tue, Mar 18, 2003 at 13:28:42

Page 2

//

Wind/Slope/Spread direction example

Slope ROS Flame Direction

(max) Length  Max ROS
%% ch/h ft deg
10 33.1 6.1 93
40 32.9 5.1 84

BehavePlus v2.0 User’s Guide
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m BehavePlus 2.0.0 Idon, May 05, 2003 at 11:26:53

Page 3

-

Wind/Slope/Spread direction example
Wind / Slope / Fire Directions

Slope 3 5010 %
‘ T Blope ,

Dot b Macimman Spread (fromupslope)

Direction of Wind Vector (from upslope)

Diown Slope

Direction of Maxinoam Spread (from upslope) 99 deg

Slope Steepress 1 40 %

Up Slope

o
Direction of Maxinmm Spread (from upslape)
Direction of Wind Vector [from upslope)
Down 3lope
k Direction of Madmum Spread (from upslope) 84 deg ’/

Diagram output

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

WWind & spread directions are

degrees clockwise from upslope
{direction the wind 15 pushing the fire).

degrees clockwise from north

‘ {direction from which the wind 15 blowing).
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A

L

BehavePlug 2.0.0 Mon, May 05, 2003 at 11:26:53

BehavePlus v2.0 User’s Guide

Page 1

/

Modules: SURFACE

Description [y [wind/slope/spread direction example

Fuel/Vegetation

Fuel Model ﬂ 2
Fuel Moisture

Dead Fuel Moisture % ﬂ &

Live Fuel Moisture % ﬂ [120
Weather

Midflame Wi i 5

‘Wind Direction (from north) de‘ggy
Terrain

Slope Steepness % 10 40

Aspect (from north) deg_ﬂp

Run Options

Calculations are only for the direction of maximum spread.

Fireline intensity, flame length, and spread distance are always
for the directi i

Wind and spread directions are degrees clockwise from north.

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

Output Variables

Rate of Spread (maximum) (ch/h)

Flame Length (ft)

Direction of Maximum Spread (from north) (deg)
Wind/Slope/Spread Direction Diagram

P.‘*a;BehavePlus BehaveFlus 2.0.0 Fri, Mar 28, 2003 at 13:37:27

Page 2

-

Wind/Slope/Spread direction example

Slope ROS Flame Direction

(tmas) Length Wlax BOE
% chth ft deg
10 33.1 6.1 9
40 32.9 6.1 354
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b =8 BehaweFPlus 2.0.0 Fri, Mar 28, 2003 at 13:37:27 Page 3
Wind/Slope/Spread direction example
Wind / Slope / Fire Directions
Slope Bte s5: 10 %
{ HNotth )
{]
]
!
1
[}
i
1
¥
d‘f\
!
d Direction of Maxinmm Spread (from north)
Wind Direction (from north)
wl Up Slope South
Direction of Maximum Spread (from north) 9 deg
Slope Steepness 40 %
Horth
]
I
1
i
i
1
)
S
H
Direction of Maxinnm Spread (from north)
Wind Direction (from north)
Tp Slope South
\ Direction of Maxmum Spread (from north) 354 deg _/

8.2. 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 that the user can customize it for a specific need.

Fire characteristics charts are produced with the Configure > Module selection > SURFACE >
Options... > Outputs tab and selecting the Fire Characteristics Chart check box.
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v Eate of Spread

v Heat per Tt Area

W Firelne Intensity

v Flame Length

™ Eeaction Intensity

I Direction of Measatmum Spread (from upslope)
™ Spread Distance

I Midflame Wimd Speed

™ Effective Wind Speed

I Mazsmum Beliable Wind Speed

I Mlaczrm Wind Ezceeded?

I Slope Steepness

™ Slope Elevation Change

[ Slope Honzontal Distance

I Wind/SlopelSpread Direction Diagratm

@Characteristics (EEID

BehavePlus v2.0 User’s Guide

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

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

?%BehavePlus 200 Fn, Ifar 28, 2003 at 133727 Page 1

/

Modules: SURFACE

\\

Description |E‘ire Characteristics Chart example

TWind direction is upslope.

Fuel/Vegetation

Fuel Model [z 5 10
Fuel Moisture

Dead Fuel Moisture % |5

Live Fuel Moisture % [100
‘Weather

Midflame Wind Speed (upslope) trifh |7
Terrain

Slope Steepness % [10
Run Options

Calculations are only for the direction of masimurm spread.
TWind and spread directions are degrees clockwnse from upslope.
TWind direction is the direction the wind 1s pushing the fire.

Output Variables
Rate of Spread (mamimum) (ch/h)
Heat per Unit Area (Btwit2)
Fireline Intensity (Btw/t's)
Flame Length (ft)
Fire Charactenstics Chart

62
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?‘E BehavePlusz 2.0.0

Fri, Mar 28, 2003 at 14:1%:1%

Diagram output

Page 2

/

m BehavePlus 2.0.0

Fire Characteristics Chart example

ROS Heat per Fireline
{max) Unit Area Intensity

chth Brwit2 Btwiftfs
67.6 491 608
39.5 659 477
14.1 1330 344

Fr, Mar 28, 2003 at 14:19:1%

oy ~1 @
on =1 v B

Page =

/

Fire Characteristics Chart example

Eate of Spread (masimum) (chih)

400 600 300 1000 1200 1400
Heat per Unit Area (Btuw/ft2)

2000

The points labeled 1, 2, and 3 correspond to the three lines of the output table. Point 1 is for fuel model 2,
point 2 for fuel model 5, and point 3 for fuel model 10.
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In the case of two variables with multiple entry values a two-way table is produced:

64

mBehavePlus 2.00 Fri, Mar 28, 2003 at 14:12:1% Page 1
- ™
Modules: SURFACE
Diescription |E‘i re Characteristics Chart example
Fuel/Vegetation
Fuel Model 5
Fuel Moisture
Dead Fuel Moisture %o 2 6 9
Live Fuel Moisture %o |10 0
Weather
Midflame Wind Speed (upslope) mith [7 10
Terrain
Slope Steepness % [10
Run Options
TWind direction is upslope.
Calculations are only for the direction of masimum spread.
“Wind and spread directions are degrees clockwnse from upslope.
Wind direction is the direction the wind 1s pushing the fire.
Output Variables
Eate of Spread (masamum) {chit)
Fire Characteristics Chart
% BehaveFlus 2.0.0 Fn, Iar 28, 2003 at 14:28:45 Page 2
- ™

Fire Characteristics Chart example
Rate of Spread (maximum) (ch/h)

Dead Fuel Midflame Wind Speed (upslope)

Idoisture trifh

% 7.0 10.0
3 44,7 TF2.4
6 36.1 58.5
9 13.5 21.8
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m BehavePlus 2.0.0 Fri, Mar 28, 2003 at 14:28:45 Page 3

Fire Characteristics Chart example

Rate of Spread (maximum) {chih)

| | | | | | | |
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Heat per Unit Area (Btw2)

The numbers on the chart correspond to the table cells in left-to-right and top-to-bottom order. In this
example, Points 1 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.

8.3. Shape of a point source fire

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

W Area

W Perimeter

™ Length-to-Width Ratio

™ Forward Spread Distance
™ Backing Spread Distance
™ Fire Length

™ Mectitmum Fire Width

F Fire Shape Diagram)

For example, the following shows the Worksheet, output table, and Fire Shape Diagram.
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%BehavePlus 2.0.0 Mon, May 05, 2003 at 11:26:53

BehavePlus v2.0 User’s Guide

Page 1

//

Modules: SIZE

Description By [Fire Shape Diagram example
Weather

Effective Wind Speed mi‘h ﬂ 0 &
Fire

Rate of Spread (maximum) ch/h ﬂ [10

Elapsed Time h ﬂ 12
Run Options

No run options selected.

Output Variables
Area (ac)
Perimeter (ch)
Length-to-Width Ratio
Backing Spread Distance (ch)
Fire Length (ch)
Maximum Fire Width (ch)
Fire Shape Diagram

Page 2

ﬂBehavePlus 2.0.0 Mon, May 035, 2003 at 12:45:02
Fire Shape Diagram example
Area (ac)

Effective Elapsed Time
Wind h

mi‘h 1.0 2.0
0.0 31.4 125.7
6.0 3.4 13.7
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‘ﬂg BehavePlus 2.0.0

Wlon, Wlay 05, 2003 at 124502

Page 8

-

Fire Shape Diagram example

Effective Wind Zpeed : 0.0 mih
Elapsed Time : 100

Effective Wind Speed : 0.0 mih
Elapsed Time : 20k

Up Wind Up Wind
Diown Wind Diown Wind
Area 31dac Area 1257 ac

Perimeter 63 ch
Elapsed Time 10h
Length-to-Width Ratio 1.0
Fire Length 200 ch
Nlaxithm Fire Width 200 ch
Backing Spread Distance 100 ch

Perimeter 126 ch
Elapsed Time 20h
Length-to-Width Ratio 1.0
Fire Length 400 ch
Dlaxittum Fire Width - 400 ch
Backing S3pread Distance 200 ch

Effective Wind Speed : 6.0 mi'h
Elapsed Time : 1.0 h

Effective Wind Speed : 6.0 mi'h
Elapsed Time : 20 h

Up Wind Up Wind
Down Wind Doy Wit
Area 34dac Area 137 ac

Perimeter 24 ch
Elapzed Time 10h
Length-to-Width Ratio 2.5
Fire Length 104 ch
Maxithm Fire Width 4.2 ch
Backing 3pread Distance 0.4 ch

Petimeter 43 ch
Elapsed Time 20h
Length-to-Width Ratio 2.5
Fire Length 209 ch
Mlaxittam Fire Width 23 ch
Backing Spread Distance 09 ch

NS

=/

Diagram output

In addition to the shape diagrams, values for all of the selected output variables are given on each diagram.
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When the SIZE Module is linked to the SURFACE Module, the wind vector is also shown on the diagram.

68

%

L %4 BehavePlus 2.0.0 Mon, May 05, 2003 at 12:45:02

Page 1

/

Modules: SURFACE, SIZE

Description [ [Fire shape Diagram example
Fuel/Vegetation

Fuel Model ﬂ |2
Fuel Moisture

Dead Fuel Moisture % ﬂ |5

Live Fuel Moisture % ﬂ [100
Weather

Midflame Wind Speed mih B [7

Direction of Wind Vector (from upslope)  deg ﬂ [1z0
Terrain

Slope Steepness % ﬂ |50
Fire

Elapsed Time h ﬂ [1
Run Options

Calculations are only for the direction of maximum spread.

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

Wind and spread directions are degrees clockwise from upslope.

‘Wind direction is the direction the wind is pushing the fire.

Output Variables
Rate of Spread (maximum) (ch/h)
Flame Length (ft)
Direction of Maximum Spread (from upslope) (deg)
Area (ac)
Perimeter (ch)
Length-to-Width Ratio
Fire Shape Diagram

?%BehavePlus 2.00 Mon, May 05, 2003 at 12:57:01 Page 3
Fire Shape Diagram example

Rate of Spread (maximum) 61.0 ch/h

Flame Length 8.2 ft

Direction of Maximum Spread (from ups 107 deg

Area 118.5 ac

Perimeter 144 ch

Length-to-Width Ratio 2.7
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%BehavePlus 2.0.0 Mon, May 05, 2003 at 12:57:01 Page 4
4 Fire Shape Diagram example A
Fire Shape
Up Slope

Down Slope
B;;:T;E;afwm Wector (from upslope)
Area 1186 ac
Penmeter 144 ch
Elapsed Time 1.0h
Length-to-Width Ratio 2.7

Direction of Maximum Spread {from upslope) 107 deg

8.4. 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 checkbox
from the Configure > Module selection > Containment > Options ... > Output Variables tab.

Select the Contain Status checkbox to output whether the fire was Contained or Escaped on the
Containment Diagram.

VW Tine from Beport

WV Contain Status

WV Contained Area

W Fireline Constructed

WV Mumber of Eescurces Tsed

[ Cost of Besources Used

v Contaitmment Diagratm
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%BehavePlus 2.0.0 Mon, May 05, 2003 at 13:11:07 Page 1
4 p
Modules: CONTAIN
Description ﬂ [containment Diagram example
Fire
Rate of Spread (maximum) ch/h ﬂ [10
Fire Size at Report ac By [0.5
Length-to-Width Ratio Bz
Suppression
Suppression Tactic ﬂ [Head, Rear
Line Construction Offset ch ﬂ [0
Resource Name g lcrewl
Resource Line Production Rate  ch/h ﬂ [30
Resource Arrival Time h ﬂ 0.5
Resource Duration h ﬂ &
Run Options
No run options selected.
Output Variables
Time from Report (h)
Contain Status
Contained Area (ac)
Fireline Constructed (ch)
Containment Diagram
il

L

i

BehavePlus 2.0.0

Mon, May 05, 2003 at 13:11:07

Page2

/

Containment Diagram example

Suppresgio;  [ime from
Tactic Report

h
Head 1.4
Rear 2.8

Contain  Contain
Status Area

ac

Contained 5.2
Contained 21.0

Fireline
“onstructed
ch

26.6
67.7
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'\'-najBehavePlus 2.00 Wlon, Wlay 05, 2003 at 13:11.07 Page =

4 Containment Diagram example
Containment Diagram

Buppression Tactic - Head

Fite Petim At Report
Fire Perim At Attack —
Fireline Constricted e

5_
4—]
3_
2_
4/
20
1] \
-2—
5=
_4—]
-5 0 5 10 15 0 25 an a5
ch
Rate of Spread (maximun)) 100 ch'h Contain Status  Contained

Time from Report 14h
Fireline Constructed 26.6 ch
Contained Area 52 ac

Length-to-Width Ratio 2.0
Fire Bize at Report 0.5 ac
Suppression Tactic Head
Line Construction Offset O ch

Suppression Tactic : Rear

Fite Petim At Report
Fire Perim At Attack —
Fireline Constricted e

T 0 5 10 15 20 25 a0 35
ch

100 ch'h Contain Status  Contained
Time from Report 28h

Fireline Constructed 67.7 ch

Contained Area 210 ac

Rate of Spread (masimum)
Length-to-%idth Ratio 2.0
Fire Bize at Report 0.5 ac
Suppression Tactic  Rear

=4

& Line Construction Offset 0 ch
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This page is blank on purpose.
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9. View, print, & capture results

9.1. View size

The View > xx% command changes the size of your Worksheet and Run when viewed on screen. It does
not affect the size of printed output.

zBehavePlus 2.0.0 - [unnamed01.bpr] =] B3

] FI|Em Configure  Pages 'windows Tools Help =& %
bt % @ aThd @
67% B
7% havePlus 2.0.0 Tue, May 0
B3%0
100%

v B s: SURFACE
133% Descriptiona [Defining Moistuw
150%  Vegetation
167% | Fuel Model

H{oisture

9.2. Windows

When a Worksheet is first opened, the Run it represents is assigned a default name such as “unnamed01.bpr”,
“unnamed02.bpr”, etc. This name is displayed on the title bar at the top of the BehavePlus application window.

‘!Mu@ =k

i =18 x
Ia 8 =@ 2% 1}-{}@ __
| 5

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 once. Each Run has its own display window
containing a Worksheet and possibly containing calculation results. Only one Run window is active at a time.
The Windows menu item allows you to switch between Runs. It also allows you to cascade or tile the Runs
within the BehavePlus window area. 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.

z BehavePlus 2.0.0 - [unnamedoz.bpr] H=]
[F1 Fle wiew Corfigure Fages |windows Tools Help -7 x
2 T — Cascads
lbzEda8 =@ < @
Tile:
F unnameddl,bpr
b %8 BehavePlus | o ynnamedoz, bpr

The following is a “tiled” display of the two Runs, one English, one metric. The English Run (unnamed01.bpr) is
the active Run.
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M. BehavePlus 2.0.0 [_[O]x]
File View Configue Pages “Windows Tools Help

Deda =8 244 €@

B _[o]=]| ) unnamediz bpr I =
- & |
_FgBEhavePlus 2.00 g BehavePlus 2.0.0

Modules: SURFACE
Descrption a |

Modules: SURFACE
Description a |

Fuel/Vegetation Fuel/Vegetation
Fuel Model B Fuel Model B
Fuel Moisture Fuel Moisture
1-h Moisture % a l_ 1-h Meisture Yo a l_
10-h Moisture % a l_ 10-h Meisture Yo a l_
100-h Moisture w B 100-h Moisture >
Live Herbaceous Moisture Yo a l_ Live Herbaceous Motsture Yo a l_
Live Woody Mosture %% a l_ Live Woody Moisture % a l_
Weather ‘Weather
Midflame Wind Speed mvh a [ Midflame Wind Speed kernh a [ |
Direction of Wind Vector (from upslope) deg a l_ Direction of Wind Vector (from upslope) deg a l_
Terrain Terrain
Slope Steepness % a l_ Slope Steepness Yo a l_
Run Options Run Options

Caleulations are only for the direction of mastimum spread. Calculations are only for the direction of maximum spread.

BehavePlus v2.0 User’s Guide

Fireline intensity, flame length, and spread distance are atways
for the direction of the spread calculations

Wind and spread directions are degrees clockwise from upslope

Wind directien is the direction the wind 15 pushing the fire.

Fireline intensity, flame length, and spread distance are atways
for the direction of the spread calculations.

Wind and spread directions are degrees clockwise from upslope.

Wind direction is the direction the wind 15 pushing the fire.

Qutput Variables
Rate of Spread (mazmimum) {ch/h)
Heat per Unit Area (Btw/ft2)
Fireline Intensity (Btw/fifs)
Flame Length (ft)
Direction of WMazimum Spread (fom upslope) (deg)
Mazimum Wind Exceeded?

Output Variables
Rate of Spread (mamimum) (m/min)
Heat per Unat Area (klim2)
Fireline Intensity (kW)
Flame Length (m)
Direction of Mazimum Spread (from upslope) (deg)
Meazimum Wind Exceeded?

({continued on nezt page)

k (contitued on next page) K_

[Page 1 0f 2) VA

9.3. 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:

i
4| Go to the first page
a7
S| Go to the last page

ﬁ Go to the previous page

'E' 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.
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zBehavePlus 2.0.0 - [unnamedo1.bpr] _ O]
[9 File Wiew Configure | Pages Windows Tools Help =

O=E S :i 1 Input Page 1
= 2 Input Page 2 ]

|2 3 Suppression Tactic (Page 1 of 1)

{4 Fire Characteristics Chart

=~ 5 Fire Shape (Page 1 of 1)

= 6 Contain (Page 1 of 1)

1l 7 Rate of Spread (maximum) by Suppression Tactic

{1l & Flamme Length by Suppression Tactic

Tactic 1l 9 Direction of Masamum Spread (from upslepe) by Suppression Tactic
1l 10 Area by Suppression Tactic

Head 10 11 Perimeter by Suppression Tactic

Rear 1.0 12 Contained Area by Suppression Tactic

1l 12 Fireline Constructed by Suppression Tactic

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

9.4. 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.

9.5. Capture

The currently displayed page can be captured and saved as a file in bmp, jpg, or png format with the File >
Capture 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 Description drop-down list.

The saved file can then be edited with an image processor or inserted into other documents.

In addition to the File > Capture 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.

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

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

e Use the cursor to select the desired area

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

e Go to the WORD document

e 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.
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10. 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.

EBehavePlus 2.0.0 Error _ O]

Invalid Input

"Slope Steepness” input value "145" is cutside the valid range 0
- 100 %4,
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11. Custom fuel models

A fuel model is a set of values that describe a fuel type for the surface fire spread model. The standard fuel
models are numbered 1 through 13. Additional fuel models, called Custom Fuel Models, can be developed,
tested, saved, and used in BehavePlus.

11.1. Using previously saved fuel models
The 13 standard fuel models are always available. 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 B button to view its fuel model files. Each fuel model is stored in a separate file.

Fuel IModel |Piles | Description
-- @ MyFuelldodels 2 Default user fuel models folder
E| L i 3 5 v il f5 fi

&3 ECALI bpf Ifanzanita

&3 ECALLS bpf Chamise 1

& BCATG bpf Morth Slope Ceanothus

& ECALLT bpf Chamise 2

e B SCATIR bpf Sage / Buckwheat

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.
Once a fuel model folder is attached, the fuel models appear in the Fuel Model input guide and may be entered
as fuel model input.

Sot[Vabe [ Descrption | After the SoCalifornia fuel model folder is attached, the Fuel Model
0011 Shert grass input Guide k=d Button gives the following valid selections for the Fuel
00z 2 Timber with grass and understory Model text bOX.

003 3 Tall grass

004 4 Chaparral

005 5 Brush . . . . .
w6 Dormuant brush, bardwood slach To view the parameters of a particular fuel model, right-click on its name
w7 7 Southern rough and select View parameters from the shortcut menu.

008 8 Closed tnber litter

008 9 Hardwood ltter

010 10 Tumber with Ltter & understory

011 11 Light logging slash

012 12 IMedim logging slash

013 13 Heavy logging slash

SCAL14 SCAL14 Manzanita

SCALIS SCAL1S Chamise 1

SCAL16 SCAL1E North Slope Ceanothus

SCAL1T SCAL1T Chamse 2

SCAL18 SCALIE Sage/Buckwheat
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Fuel Model SCAL14 5
Fuel Model Name SCAL14
Description Manzanita
1-h Fuel Load 3 tonsfac
10-h Fuel Load 4.5 tonsfac
100-h Fuel Lead 1.05 tonsfac
Live Herbaceous Fuel Load 1.45 tonsfac
Live Woody Fuel Load 5 tonsfac
1-h Surface ArealVol Ratio 350 f2/83
Lwve Herbaceous Surface Area/Vol Ratio 1500 f2/f3
Live Woody Surface Area’Vol Ratio 250 243
Fuel Bed Depth 3 feet
Dead Fuel Moisture of Extinction 15 percent
Dead Fuel Heat Content 5211 Bk
Live Fuel Heat Content 5211 Brulb ;

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 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.

Fuel Model |Files |Descnption
5§ MyFuelldodels 0 Default user fiael models folder

E! % SoCaliforma 5 www. il psw.f5. fed usfprefire/index ht
. % SCAL1A bpf Manzarita
& SCAT15 bpf Charmise 1
% SCAL16 bpl Morth Slope Ceanothus
. & SCAL17.bpf Chamise 2
. % SCAL18 bpf Sage / Buckwheat

4l 1 ®

gBehavePlus 2.0.0 Mon, May 03, 2003 at 14:26:07 Page 1

4 N

Modules: SURFACE

Descn’ptiona [Previously saved Custom Fuel Model
Fuel/Vegetation

Fuel Model a [scari4, scatnls, scatls, ScALLT,
Fuel Moisture

Dead Fuel Moisture % a [5

Live Fuel Moisture % [ [70
Weather

Midflame Wind Speed (upslope)  mi‘h a o 15
Terrain

Slope Steepness %% a fo
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el
|

BehavePlus 2.0.0 Mon, May 05, 2003 at 14:26:07

Page &

/"

Previously saved Custom Fuel Model

120

—
=
T

L=
|D

=y
=]
|
E
=N

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

[
T

|
=

odel

N L A R B
o 2z 4 6 & 10

11.2. Defining and saving custom fuel models

Midflame Wind Speed (upslope) (mi‘h)

16

Custom fuel models

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. option button.

Fuel 15 entered as

" fuel models.

( fiiel parameters.

" dynamic palmetto-gallberry.

- two fael models,
2-dimensional expected spread.

~ two fuel models,
harmeonic mean.

- two fuel models,
area weighted (like old BEHAVE).

Or you can load the Example Worksheet FuelModeling.bpw, which as been set up this way, using the File >

New command or i toolbar button.
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e BehavePlus 2.0.0 Select & Worksheet [_ O] =]
“Worksheet |Fdes |Descnptmn |Last Modified |
= ) Exarnple Worlesheets 9 Sun May 4 22:25:27 2003

- /% (Startup bpw Elank worksheet, default initialization, English Mon Jan 20 12:37:44 2003

4 Slopeldap bpw Zlope calc from map measurements Mon Jan 20 12:37.44 2003

&3 SurfaceBasic.bpw Surface fire in the dir of max spread (DIRECT) Won Jan 20 12:37.44 2003
- ¢% SurfaceBasicFrom bpw Wind direction "from" on Jan 20 123744 2003
- ¢ SurfaceMap. bpw Surface spread map application Ilon Jan 20 12:37:44 2003
- &% Surface Scorchhortality bpw Linked models, spread direction input Mon Jan 20 12:37:44 2003
- €% Surface Simple bpw Surface fire spread, simple case, upslope spread with the wind Won Jan 20 12:37:44 2003
- €% SurfaceSpotlgnite bpw Spotting from a wind-driven surface fire Mon Jan 20 12:37:44 2003

- [ My Worksheets 0 Default user worksheet folder Sun May 4 22:25:27 2003
™ Picture

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.

gBehavePlus 2.0.0 Mon, May 05, 2003 at 14:26:07 Page 1
Modules: SURFACE
Descn’ptiona [Tnitialized with Fuel Model Z|
Fuel/Vegetation Initialize from a Fuel Model >
1-h Fuel Load tonfac
10-h Fuel Load tonfac B4 [1.00
100-h Fuel Load tonfac a jo.50
Live Herbaceous Fuel Load tonfac a Jo. 50
Live Woody Fuel Load ton/ac a jo.00
1-h Surface Area/Vol Ratio 23 a [z000
Live Herb Surface Area/Vol Ratio fiofis By [1500
Live Woody Surface Area/Vol Ratio  fi2/fi3 4 [1500
Fuel Bed Depth ft B [1.00
Dead Fuel Moisture of Extinction % a |15
Dead Fuel Heat Content Btulb ¥ [3000
Live Fuel Heat Content Biib ¥ [8000
Fuel Moisture
Dead Fuel Moisture % a5
Live Fuel Moisture % By [70
Weather
Midflame Wind Speed (upslope) mi‘th a jo 15
Terrain
Slope Steepness % a jo

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.

Once the fuel model parameters are defined, a custom fuel model can be saved for later use with the File >
Save as > Fuel model 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 18.4, Save As, for more information.
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12. Moisture scenarios

A moisture scenario is a set of fuel moistures for 1-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 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 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 fuel moisture values should be assigned directly.

12.1. Using previously saved moisture scenarios

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 & to view its moisture scenario files. Each moisture scenario is stored in a separate file.

IS=1 E3

B BehavePlus 2.0.0 Moisture Scenario

Ioisture Scenario

|Files |Descript:ion |
- [ MyMoistureScenarios 0

B8 % Ttrndl

Default user moisture scenanos folder

Meisture contents used by the old TSTIMDL program.

- & 1-Lowbpm TSTMDL (3.4,5.70,70)

- &3 2-Med bpm TSTMDL (6.7.8,120,120)

¢ 3-High bpm TSTMDL (12,13,14,170,170)
™ Picture ™ Help

Ol |

Cancel |

Moisture scenario files are made available by attaching the folder in which they reside. This makes 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, the moisture scenarios that come with the
BehavePlus program are attached by selecting the Tstmdl folder. Once a moisture scenario folder is attached,
its moisture scenarios appear in the Moisture Scenario input guide.

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. option button.

Ifotsture is entered by

" indrndual size class.
" dead and live category.

¢ moisture scenario.
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B BehavePlus 2.0.0 Input Guide _Tolxl| After the Tstmdl moisture scenario folder is attached, the

Moisture Scenario Guide kd button on the Worksheet

Walue |Desu:ription |
1-Low TSTWIDL {3,4,5,70,70)
2-Med TSTMDL (6,7,8,120,120)
3-High TSTMDL (12,13,14,170,170)

gives the following valid selections for moisture scenarios.

To view the parameters of a particular moisture scenario,
right-click on its name and select View parameters from
the context menu.

™ Picture I~ Help

Cil | Clear | Cancel |

Ma BehavePlus 2.0.0 FYI

IS[= B3

Scenario 2-Med

Moisture Scenario File Moisture B

Scenario MNarne

Description

Dead 1-h Moisture

Dead 10-h Moistare
Dead 100-h Wosture
Live Herbaceous Moisture
Live Waoody Motsture

2-Mfed

TSTHDL (6,7,8,120,120%
& percent

7 percent

8 percent

120 percent -
120 percent ~

When viewing folders (and files) in the “Moisture Scenario” dialog box, those scenarios with a paper clip icon

are currently attached to (e.g., accessible for use by) the BehavePlus application. Once the Ok button is

pressed, only selected folders will have thei
attached, even if they are currently marked
B BehavePlus 2.0.0 Moisture Scenario

r files attached. Unselected folders will NOT have their files
as attached by the paper clip icons.

M= B3

Moisture Scenario |Files |Description |

TsThD

TEThD

TETHD

& MyMoisture Scenarios 0 Default user moisture scenarios folder

Ioisture contents used by the old TS

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

L (12,13,14,170,170)

[~ Picture

™ Help

Cancel |
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gBehavePlus 2.00 Tue, May 06, 2003 at 07:29:18 Page 1
Vs
Modules: SURFACE
DeSCﬁpﬁOHE [Moisture scenaric example
Fuel/Vegetation
Fuel Model a 2
Fuel Moisture
Moisture Scenario a |1-Low, 2-Med, 3-High
Weather
Midflame Wind Speed (upslope)  mith a [0 15
Terrain
Slope Steepness % B4 [0

12.2. Defining and saving moisture scenarios

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.

Ilotsture 15 entered by

& mdrrdual size class.

" dead and live category.

" moisture scenario.

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

matter.
gBehavePlus 2.0.0 Tue, May 06, 2003 at 07:29:18 Page 1
Modules: SURFACE
Description a |De fining Moisture Scenario example
Fuel/Vegetation
Fuel Model a |
Fuel Moisture
1-h Moisture % P[5
10-h Moisture % [ 6
100-h Moisture v% BN [7
Live Herbaceous Moisture % a ED
Live Woody Moisture % ﬂ [120
Weather
Midflame Wind Speed (upslope)  mith a f
Terrain
Slope Steepness % a |

Save the moisture scenario with the File > Save as > Moisture scenario command. In the “Save As”
dialog box enter a file name in the Moisture Scenario File text box and a short description in the
Moisture Scenario Description text box. See Section 18.4, Save As, for more information on saving

moisture scenarios.
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13.Map applications

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

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.

B BehavePlus 2.0.0 Map Representative Fraction {1:x) | (O] x|
— |in.|'mi |mjfin |cm-’km |km|'cm Iil ﬁ-.lBac‘k |¢ Friwd |1y Home |«&5 IndexAl
7920 BO000 012500 1262632 0.0792 W Map
15840 40000 025000 63131 01584 v = Representative
21120 033333 47348 02112 A ‘g Bre i
24000 ( 9 0.2400 i
31680 050000 31366 03168
£2500 098643 16000 06250 Short Description
63360 100000 15783 06334 _ o _
126720 05000 200000 07891 12672 - The map representative fraction is the ratio of the

mumber of units on the map between two points

to the distance on the ground between these same
I™ Picture V Help two points. For example, f the map

semam amm s bieem, Bl bt e dm TTIA OO e man Enae e

Ok | Cancel |

13.1. 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 Slope steepness
is calculated from map measurements.

-

wlope steepniess 13

" spectfied on the worlcsheet,

& calculated from map measurements.

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.
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B BehavePlus 2.0.0 Surface Module Dptions M= E3

Fuel & Moisture | TWind | Directions | Slope |

I PG Cutputs |

v Rate of Spread < Back | =» Frard | L Home | L Index

[~ Heat per Unit Area
[” Fireline Intensity
™ Flame Length

™ Reaction Intensity

Slope Horizontal Distance

[~ Direction of Maximum Spread (from upslope)
[~ Spread Distance Short Description
™ Midflame Wind Speed

[~ Effective Wind Speed

™ Measdimum Reliable Wind Speed
™ Magi ing Exceeded?

The honzontal distance between two locations on the ground, an mntermediate
value in the calculation of slope steepness fom map measurements.

Input to Modules

v Slope Steepness * Mone

¥ Slope Elevation Change
v Slope Horizontal Dist:
£ad Direction Diagram

Output from Modules

* SURFACE, f Slope steepness is calculated from map measurements 13

selected as an input option.
I~ Fire Characteristics Chart

See Also
I™ Picture I Help * Slope Elevation Change B

o' | Cancel |
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The Worksheet then includes a Map section with text boxes for data.

]

L

BehavePlus 2.0.0

Page 1

e

Modules: SURFACE

Description [ |
Fuel/Vegetation

Fuel Model a f
Fuel Moisture

Dead Fuel Moisture % a |

Live Fuel Moisture % a |
Weather

Midflame Wind Speed (upslope)  mi‘h a |

Map ___\-_"N-\
mon 1x)

B
Contour Interval ft a |
Map Distance in a |
>l

Number of Contour Intervals

Run Options
Wind direction is upslope.
Calculations are onty 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.

Output Variables

Rate of Spread (maximum) (ch/h)

Slope Steepness (%o)
Slope Elevation Change (ft)
Slope Horizontal Distance (ff

Map applications

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.
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Page 1

e

Modules: SURFACE

Description [ |
Map

Map Representative Fraction (1:x)

E
Contour Interval ft ﬂ
in B3

Map Distance

Number of Contour Intervals a

Run Options
No run options selected.

QOutput Variables
Slope Steepness (%o)
Slope Elevation Change (ft)
Slope Horizontal Distance (ff)

13.2. 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.

=utface Fire Spread :

d (SURFACE) 4|Opn°ns"'
Safety Zone :

|| (SAFETY) Options. .. |
=ize of a Pt Source Fire :

| (SIZE) Options. . |

- Fire Containment Options...

(CONTAIN)
r (Sé?;émg Distance Options. .. |
- (Csfgg%%gm Options. . |
L (Tbﬂregzbff)ffhrtrym Opions |
r EYGOEE‘I?EEY of Ignition Dptions. .. |
I (RREI%WE Hurmidity Options. .. |

moutput distances m@
S —
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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 (1x) text box is added to the Worksheet
and map distances are added to the list of output variables.

For example, when the Spread Distance check box is selected in the Configure > Module selection >
SURFACE > Options... > Outputs tab the following Worksheet results:

g BehavePlus 2.0.0 Page 1

s p

Modules: SURFACE

Description |
Fuel/Vegetation

Fuel Model a f
Fuel Moisture

Dead Fuel Moisture % a |

Live Fuel Moisture % a |
Weather

Midflame Wind Speed (upslope)  mih a |
Terrain

Slope Steepness %% a |
Fire

Elapsed Time h a f
Map

@reseﬂtaﬁve Fraction (1:x) a f

Run Options

@ distances are displayed in map@

‘Wind direction is upslope.

Calculations are only 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.

Output Variables
Rate of Spread (maximum) (ch/h)

Spread Distance (ch)
Spread Map Distance (in)
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14.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.

14.1. 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.

14.2. 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. Appendix C gives these groupings and their default English and
metric units.

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.

14.3. 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.

For example, fire area has 1 decimal place as the default. You may want to round area to the nearest acre by
changing the number of decimals to 0.
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M BehavePlus 2.0.0 Units Editor [_[O] =]
Fuel & Vegetation Units | Weather Units | Terrain & Spotting Uits | Time & Map Units | Contain & Safety ¢ | s
Vasiable Unite Decimals Erwd | Ly Home | & Index
Rate of Spread I chh j Il =
Heat per Unit Area IBtu.n’&2 jIO Fire & Fffects Units
Fireline Intensity IBtw’fb’s j IU

Flame Len & Zcorch Ht Ifl:

=l:

Short Description

)u's page controls the selection of units of measure and decimal places for
the mput, display, and output of fire behavior and effects vaniables. The
selected units are then applied to the current worlcsheet and saved as a

=

TS (ETES 1S 0TS S {0 S T

Reaction Intensity I Btwft2/min j IO
Zpread Distance I ch -1

Fire Area ar MR

Fire Penimeter ch -
Probabality of Wortality = Y
& Crown Vol Scorched Ipercent J I0 ZI

custam Units Set.

Probability of Ignition | percent

Ll

First select the desired units for each variable. The units of measure initially
displayed by the dialog are those i use for the current worlcsheet (if there

=ljo

™ Picture v Help

15 no current wotlcsheet, the units are mitialized to the standard English urits
set).

l

o |

Cancel |

14.4. 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 RAWS station just across the border, BehavePlus has a
utility you can reach with the Tools > Units conversion tool command.

;Behaveplus 2.0.0 Units Conversion Tool M=

L Back | = Frwd | T Home | &h Index |

From Amount |12. 3

From Tlnits Imeterss‘ H
Imjlesfhr

Into Thits

™ Picture v Help

|

=]

EKnovwn Units of Measure

The following table lists all the units known by the converter. The converter
also understands most common abbrewations for the units. Note that unit
names and abbrewiations are case sensttive; for the most part, stick with lower
case unless the units are named after a person.

Units of Measure Names, Descriptions, and Base Units
Ututs Name Sl Base
! rad

' rad

abampere A

Description

second (plane angle)

minute (plane angle)

EMTT of current [abampere]

TR o6 cllestisie b Fabeesiemiag

||

N ST PRy Y s

Dismmss |

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 window of the “Units Conversion Tool” dialog box there is a list of all the available units.
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15.Language

The FIRE1 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.

15.1. English or Portuguese

To change the language from the default English to Portuguese use the Configure > Language >
Portuguese (Portugal) command.

m BehavePlus 2.0.0 Pigina 1

4 p

MOdulos: Superficie

Descrigio B |
COMBUSTIVEL/VEGETACAO

Modelo de combustivel ﬂ \
HUMIDADE DOS COMBUSTIVEIS

Humidade do combustivel morto %% ﬂ \

Humidade dos combustiveis vivos % ﬂ \
METEOROLOGIA

Velocidade do vento a meia chama (dir. de maior declive) mi‘h ﬂ |
TERRENO

Declive da encosta % ﬂ \
OPCOES DE SIMULACAO

Direcgiio do vento ¢ a subir encosta.
As simulagdes sio somente para a direcgéo de propagagio maxima.
Direcgio do vento e de propagagio em graus na direc¢io de maximo declive.

A direcgdo do vento € a direcgéio que o vento esta a empurrar o fogo.

VARIAVEIS DE SAIDA
Velocidade de propagacgio (maxima) (ch/h)
Energia libertada por unidade de area (Btu/fi2)
Infensidade da frente de chamas (Btu/ft/s)
Comprimento da chama (ft)
Direcgiio de maxima propagagéio (relativo ao maior declive) (deg)

WVelocidade maxima do vento excedida?

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

The “Fine Dead Fuel Moisture Tool” dialog box can be accessed with the Tools > Fine dead fuel
moisture command.

M BehavePlus 2,0.0 Fine Dead Fuel Moisture Tool M=l

Dty Bulb Temperature I 10 - 29 oF | € Index |

-
Relative Humidity [0- 4% B ) il
Reference Fuel Moisture I 1% s ] Flll? Dead Fuel

E(‘g Moisture Tables

Ilonth I May June July j
Time of Day [ 08:00 - 09:59 ~
Elevation Difference I Abowe (1000 - 2000 £f) j Short Description
B I SIS j The fine dead fuel motsture calculation is based
Aspect I North j on the tables in How to predict the spread and
Fuel Shading I Exposed (< 50% shading) j intensity of forest and range fires. (Bothermel

1983). Only the daytirne tables are provided and

i | a, . . .
Fuel Molsture Correction I 2% there iz no conversion to metric.

Fine Dead Fuel Moisture I 304 This tool 15 included in BehavePlus only for

comnpleteness because the tables are used in the

_ field by Fire Behavior Analysts. They are not
™ Picture v Help o R— L aaa ;lll
4 3

Dismiss |

This tool is an automation of the daytime tables from Rothermel (1983). Selections are made through drop
down lists. As soon as a change is made, the results are displayed. Since these tables are not based on
equations, they can’t effectively be incorporated as a module into BehavePlus.
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17.Sun-Moon Calendar Tool

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

;BehavePlus 2.0.0 Sun-Moon Calendar

Contents |

=1 E3

- Back | » Frwd | A Home | &5 Index |

Location ICo]]i.n's Houge n Missoula, Montana Browse |

GIAT Duff I—? 3: (Add one hour for daylight savings tone)

Ifinutes
2l
ENEE

Seconds

85
EIED

Degrees

Longitude |West ~|[114
Latiude | Morth <] [46

=
=

Short Description 2l

This page defines the geographic location for the SunMoon calendar.
Controls
* Location

Enter the location name. The text entered here appears in the title of the
sutimoon calendar.

Press the Browse button to select from over 400,000 named geographic
places in the TS,

Month I May :Iv *+ GMT Difference
Tear I2003 3‘ Zelect the hours difference from Greenwich IMean Time (GIMT). The table
below shows the GMT difference for selected time zones; GIMT plus the
I Picture v Help hours from the table yields the local time
I - |
Ok | Caticel |

This tool allows you to specify any month of any year at a location on the globe and generate a calendar of

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.

The calendar tool also includes a large database of named places within the United States so you can select a

location by name rather than by coordinates.
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18.File management

18.1. 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.

rogram Files',SEM'BehavePlus

| Ele Edt View Favortes Tooks Help ‘
| Bk ~ & - 5| @earch | Fdders (BHstory | N5 W X | B
| Address [ ] gehaveplus = e

Folders x| | Mame [ Size | Type [ todfied |
B 1 5EM «| |C DefaultDataFalder File Folder 10§17§2002 12:25 PM
lus (1 DocFolder File Folder 9(25/2002 11:50 AM
-] DefaultDataFolder 1 1mageFolder File: Folder 9j25/2002 11:51 AM
=+ CaptureFolder MM EchavePlus exe 4,804 KB Application 1j15/2002 3:53 AM
(2 ySereenCaptures BehavePlus.xml 436 KB XML Document 12/14(2001 12:52 AM
{Z1 ComposerFolder
E-{] FuslModelFolder
] MyFusliModsls
[ socalifornia
[=-7] MoistureScenarioFolder
] MyMaistureScenarios
L] TSTMDL
1] RunFolder
{1 Broad
- [ ExampleRuns
L] MyRuns
L] RxBUrRRUNS
[E1_] UnitsSetFoldsr
L0 MyUnitsSets
-] WorksheetFolder
1 Mywarkshests
L] Rxworkshests —
] standard
=] DocFolder
[=-7 English
1 Heml
~{_] GeoFolder
-] ImagsFolder -

S object(s) (Disk free space: 17,7 GB) |5.11 MEB |g My Computer v

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:

o Allfiles pertaining to a specific training class, fire situation, or other project are segregated into their
own file structure.

e  Workspaces are easily backed up or copied onto removable media using either the File >
Workspaces > Clone current workspace command or Windows Explorer.

e 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 emailing 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

18.2. 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).

18.3. 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.

18.4. Save as...

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

e Run
e Worksheet
e Fuel model
e Moisture scenario
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 [Z toolbar button.

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 O toolbar button.

Before saving a fuel model make sure the SURFACE module check box is selected and the fuel parameters
checkbox is selected in the Fuel is entered as section of the SURFACE > Options... > Fuel &
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Moisture tab. Valid values must be assigned to each fuel model parameter. To make custom fuel models
available at a later time use the Configure > Fuel model set selection command.

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.

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

WorksheetFolder / File |Files |Description Last Modified

-- G Example 9 Standard BehavePlus worksheets Thu Oct 31 16:23:30 2002
LA MyWorksheets 0 Defanlt user worksheet folder Thu Oct 31 16:23:30 2002
- 0§ TestFolder 1 Users Guide Examples Mon Jan 6 15:16:10 2003

Worksheet Folder ITestF older

Worksheet File Itestl

Worksheet Description Iexmnple 1 for ugers guide

To create a new Folder simply enter a new folder name

i the Worksheet Folder field and press the Ok button.

In this case, the Worksheet Folder field is initially set to MyWorksheets. To create a new folder, simply type a
new name into the Worksheet Folder text box: TestFolder in the above example. 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.

18.5. 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 creates for the Workspace.
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19.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.

19.1. 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§ BehavePlus 2.0.0 Input Guide

(1-60%)

From I
Th I
Step I

I~ Picture ¥ Help

- Bacl = Frwd | T Home | L= Index

=] E3

[y W

| »

1-h Moisture

38—

Short Description

The 1-h fuel moisture content is the percent of the 1-h timelag dead fuel that is water,
calculated on a dty weight basiz,

Input to Modules

* SURFACE
* IGHITE, f Frobability aof Ignition from a Firebrand is selected as output,

Output from Modules
* MNone
More Information

The surface fire model uses a weighting process to combine the 1-h, 10-h and 100-h
fuel motstures into a characteristic (weighted average) dead fiuel moisture. Because the =|

Ok | Clear | Cancel |

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

e  Short description

e Input to modules

e  Output from modules

e More Information

e Seealso
e Links
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19.2. Guide button

Help on entering a specific Worksheet variable is available by pressing the Guide kd button next to each
Worksheet entry field to activate an “Input Guide” dialog box containing a help browser pane and input
assistance. For continuous variables, the dialog facilitates entry of a large number of inputs by specifying the
minimum input value, maximum input value, and increment value.

B BehavePlus 2.0.0 Input Guide H=] E3

- EBaclk | = Frwwed | A Home | o Tndex |

(0 - 360 deg)

From I
Thru I
Step I

Wind Direction :I

Short Description
Definution of wind direction depends on the STTEFACE mput option that 15

selected. Selection of Wind and spread directions are degrees clackwise from

™ Picture ¥ Help upsiope results in the wind direction being the direction that the wind is pushing the
fire Thiz iz the raathad nead in the AA BREFH AVTE cvetera and d2 meed in vactarine LI

Ok | Clear | Choices | Cancel |

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

B BehavePlus 2.0.0 Direction of Wind ¥ector {from upslope) H=] E3
Deg from . =
Upslope Direction
0 Tp Elope

15

30

45

&0

75

a0 Cross Slope

105 |
v Picture [~ Help

0]4 | Cancel |

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

19.3. 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

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
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Following are some specific differences that will be of interest to users of the old BEHAVE system.

A2

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 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 21* century
personal computer.
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Each input variable in BehavePlus, version 2, is listed in the table according to category. ‘I’ (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

e Midflame wind speed is an input to SURFACE under the input option Wind speed is entered
as midflame height. However, it is an output variable if Wind speed is entered as 20-ft
wind and wind adjustment factor is selected.

e 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.

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

e  These tables also give the English and metric units and number of decimal places and the output
variables selected for display initiated by the OStartup.bpw worksheet. (See Appendix D.)
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Input Variables and Modules

BehavePlus v2.0 Users Guide

> 0}
= = | English Metri
. Ll - . = 2 nglish ric
| nput variable S|z |<‘_: o < | w % Range/Units Range/Units Notes
v | @Y lz|6|g|l% |z 2
> NI O |a C|&|lz| =
n (<Ir§ n|lolnmn 8 = = | x| >
Fuel / Vegetation
Fuel model I D N/A N/A
Firs fuel model I D N/A N/A For two fuel models
Second fuel model I D N/A N/A “
Firs fuel model coverage I C 0-100% 0-100% “
1-h fuel load I Fuel model
C 0.0-30.49 ton/ac 0.0-68.35 tonne/ha 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 fudl load I C 0.0-30.49 ton/ac 0.0-68.35 tonne/ha “
Live woody fud load I C 0.0-30.49 ton/ac 0.0-68.35 tonne/ha “
1-h surface area/ val ratio I C 109-4,000 ft2/ft3 358-13,123 m2/m3 “
Live herb surface area/ vol I C 109-4,000 ft2/ft3 358-13,123 m2/m3 “
ratio
Live woody surfacearea/vol | | C 109-4,000 ft2/ft3 358-13,123 m2/m3 “
ratio
Fuel bed depth /0 C 0.05t010.0ft 0.02-3.05m “
output for P-G
Dead fuel moisture of I C 5-100% 5-100% Fuel model
extinction parameter
Dead fuel heat content I C | 6,000-12,000 BTU/Ib | 13,967-27,934kJkg !
Live fuel heat content I C | 6,000-12,000 BTU/Ib | 13,967-27,934kJkg !

B2
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Input Variables and Modules
- g , .
Ll > = 2 | English Metric
Input variable | @ | > < S| < | w % Range/Units Range/Units Notes

e = @ =

L8| 2|lo|9/8|z|<|%

3| B |v|0|x|B|=|Q| x|
Fuel / Vegetation (cont.)
Palmetto-gallberry age of I C 1-25 years 1-25 years For dynamic
rough palmetto-gallberry
Height of understory I C 1-6 ft 0-2m “
Palmetto coverage I C 15-85% 15-85% “
Overstory basal area I C 30-110 ft2/ac 6.8-25.3 m2/ha “
Mean cover height I C 0-300 ft 0-91m
Tree height I I C 10 — 300 ft. 3-91m
Crown ratio I C 01-10 01-10
Mortality tree species I I D (206 species) (206 species)
Spot tree species I D (14 species) (14 species)
D.B.H. I I C 5-40in 13-102cm
Bark thickness /0 C 0.1-2.0in 0.3-5.1cm
Lightning ignition fuel type I D | PPL, PWC, PWD, PPL, PWC, PWD,

PWS, LPD, DFD, PWS, LPD, DFD,
ESH, PMC ESH, PMC

Lightning duff and litter I C 0-12in 0-30 cm

depth
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BehavePlus v2.0 Users Guide

> 0}
(- Q . .
Ll > = 2 | English Metric
Input variable | @ | > < 5 < |w @ | Range/Units Range/Units Notes
LWyl lelElE|E 3
LIS IN[S12(319 3| z|5
B3| S|a|o|F| B9z
Fuel Moisture
Moisture scenario D N/A N/A
1-h moisture | | C 1-60% 1-60% Fuel moisture
scenario parameter
10-h moisture I C 1-60% 1-60% “
100-h moisture I I C 1-60% 1-60% “
Live herbaceous moisture | C 30 —300% 30 —300% “
Live foliage for P-G
Live woody moisture I C 30 —300% 30 —300% “
Live stemwood for
P-G
Dead fud moisture | | 1-60% 1-60% Used for 1-h, 10-h,
100-h
Live fud moisture | C 30 —300% 30 —300% Used for live
herbaceous and
woody
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Input Variables and Modules
- 2 . .
Ll = = | © | English Metric
Input variable | @ | > 51 < | w < | @ | Range/Units Range/Units Notes
LW yl=|Z|E|E E |8
EiLin|Q S|o0|Z2|z |6
| S| 5|6 |8 |=|9 x|0|>
Weather
Midflame wind speed 1/0 I C 0—-60mi/h 0.0—96.6 km/h
20-ft (or 10-m) wind I I C 0—-99 mi/h 0.0—159 km/h
Speed
Wind adjustment factor I C 0.1-1.0 0.1-1.0
Effective wind speed O I C 0-60mi/h 0.0—96.6 km/h
Wind direction I C 0-360deg 0-360deg Reference depends
(from North) or on input option
(from updlope) selections
Air temperature I I I C -40—-120deg F -40—-49deg C
Wet bulb temperature I C -40—-120deg F -40—-49deg C
Dew point temperature 1/0 C -40—-120deg F -40—-49deg C
Fuel shading from the sun I C 0—100% 0 —100% by cloud or canopy
Lightning strike type I D +, -, or unknown +, -, or unknown
Terrain
Slope steepness I C 0-45deg 0-45deg
0 —100% 0—100%
Aspect I C 0—360deg 0—360deg
Site elevation I C -1,000-30,000 ft -305-9,144 m
Ridge-to-valley elevation I C 0—4,000 ft 0-1,219m
difference
Ridge-to-valley I C 0—4.0mi 0-6.4km
horizontal distance
Spotting source location I D RT, MW, VB, ML RT, MW, VB, ML
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> 0}
[ Q . .
Ll > = 2 | English Metric
Input variable | Q | > < 51 <|w @ | Range/Units Range/Units Notes
LWy lE e lE | E|E 3
TIZINIG|2(812|3|z |5
? | Hlod|o|H|B|=|C x|
Fire
Rate of spread 0] (I C 0-500ch/h 0.0-167.6 m/min Head fire
(maximum)
Flame length 0] I I I 0—200 ft 0-61m Worst-case estimate
of flame height for
SAFETY
Firdine intensity O I C 0—10,000 BTU¥ft/s 0—34,641 kW/m
Flame height from a I C 0-—100 ft 0-305m
burning pile
Spread direction 1/10 0-360deg 0-360deg Reference depends
(from North) or on input option
(from updlope) selections
Number of torching trees I C 0-30 0-30
Scorch height O I C 0—200ft 0-61m
Elapsed time I I C 0.5-8.0h 0.5-8.0h From ignition/start
Fireszeat report O |1 C 0.1-100 ac 0.0-40.5 ha ‘area from SIZE
Length-to-width ratio O |1 C 1-7 1-7
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> 0}
- o . .
Ll > = 2 | English Metric
Input variable | @ | > < 5| < | w @ | Range/Units Range/Units Notes
Llw |yl || |B|E 3
ClLINB|IQI8|0/2 |5
3| |n|0 |6 |B |||
Map
Map representative I I I C 1,980-1,013,760 1,980-1,013,760
fraction (1:x)
Contour interval I C 1 - 1000 ft 0.3—304.8m
Map distance I C 0.1-100in 0.3—254cm
Number of contour I C 1-100 1-100
intervals
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= g
Ll > E 2 | English Metric
Input variable | 2 | > e 5 < | w © | Range/Units Range/Units Notes
I INID |8 o 5 T | B8
B3| | w0 |H|B |2 x|
Suppression
Suppression tactic I D Head or Rear Head or Rear
Line construction offset I C 0-100 ch 0-2012m 0 =direct attack
else paralld attack
Resource name I D N/A N/A Entry for each
resource
Resource line production I C 1-200 ch/h 20.1-4023.4 m/h “
rate
Resource arrival time I C 0-8h 0-8h !
Resource duration I C 0.0-10h 0.0-10h !
Resource base cost I C 0-500,000 0-500,000 !
Resource hourly cost I 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 .93-9.3m2
Number of heavy I C 0-10 0-10 Integer
equipment
Areaper heavy I C 100-500 ft2 9.3-46.5m2
equipment
| = Input
O = Output

1/0O = Input or Output depending on the selected modules and options

C = Continuous variable
D = Discrete variable
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Output Variables and Modules

Output variable Default output English Metric Notes
variable Units Units
SURFACE
Rate of spread X ch/h m/min
Heat per unit area X BTU/ft2 KJm2
Firdineintensity X BTU/ft/s KW/m
Flame length X ft m
Reaction intensity BTU/ft2/min KW/m?2
Direction of maximum spread X degrees degrees
Spread disance ch m Can be map distance
Midflame wind speed mi/h km/h
Effective wind speed mi/h km/h
Maximum reliable wind speed mi/h km/h
Maximum wind exceeded? X Yesor No Yesor No
Slope steepness percent percent
Slope e evation change ft m
Slope horizonta distance ft m
Wind/d ope/fire direction diagram N/A N/A
Fire characterigtics 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 fudl load ton/ac tonne/ha
P-G livefinefud load ton/ac tonne/ha
P-G live medium fuel load ton/ac tonneha
P-G live foliage fud load ton/ac tonne/ha
P-G litter fuel load ton/ac tonne/ha
Fuel bed depth ft m
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Output variable

Default output English Metric
variable Units Units Notes
SAFETY
Safety zone separation distance X ft m
Safety zone size X ac ha
Safety zone radius ft m
SIZE
Area X ac ha
Perimeter X ch m
Length-to-width ratio N/A N/A Real number
Forward spread distance ch m Can be map distance
Backing spread distance ch m Can be map distance
Firelength ch m Can be map distance
Maximum fire width ch m Can be map distance
Fire shape diagram N/A N/A
CONTAIN
Time from report X h h To containment or
escape

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

Exhausted or Exhausted exhausted is escaped
Contained area X ac ha At containment.

If escape, area=0

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

B10
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Output Variables and Modules

Output variable Default output English Metric Notes

variable Units Units

SPOT

Spotting distance from torching trees X mi km

Spotting distance from a burning pile mi km

Spotting distance from a wind-driven surface mi km

fire

SCORCH

Scorch height X ft m

MORTALITY

Bark thickness in cm

Tree crown length scorched ft m

Tree crown volume scorched percent percent

Probability of mortality X percent percent

IGNITE

Probahility of ignition from afirebrand X percent percent

Probahility of ignition from lightning percent percent

RH

Relative humidity X Percent Percent

Dew point temperature deg F deg C
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Appendix C: Units Editor

Variable English units No. Metric units No.
Dec. Dec.

Fuel and Vegetation Units

Fuel Load ton/ac 2 tonne/ha 2
e 1-hfuel load

10-h fuel load

100-h fuel load

Live herbaceous fuel load

Live woody fuel load

Palmetto-gallberry dead fine

fuel load

o Palmetto-gallberry dead
medium fuel load

o Palmetto-gallberry dead
foliage fuel load

e Palmetto-gallberry live fine
fuel load

e Palmetto-gallberry live
medium fuel load

e Palmetto-gallberry live
foliage fuel load

o Palmetto-gallberry litter fuel

load
Surface Area/Vol Ratio o/t 0 m*/m® 0
e 1-h surface area/volume
ratio

e Live herb surface
area/volume ratio

e Live woody surface
area/volume ratio

Understory Fuel Depths ft 2 m 2
e Fuel bed depth
e Palmetto-gallberry height of

understory
Ground Fuel Depth in 1 cm 0
e Lightning duff and litter
depth
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Variable English units No. Metric units No.
Dec. Dec.
Fuel Moisture & Extinction percent percent 0
Moisture
e Dead fuel moisture of
extinction
e 1-h moisture
e 10-h moisture
e 100-h moisture
e Live herbaceous moisture
e Live woody moisture
e Dead fuel moisture
e Live fuel moisture
Fuel Heat Content Btu/lb kJ/kg 0
e Dead fuel heat content
e Live fuel heat content
Tree Height & Mean Cover Height | ft m 0
e Mean cover height
e Tree height
e Tree crown length scorched
Tree D.b.h. and Bark Thickness in cm 0
e D.b.h.
e Bark thickness
Coverage percent percent 0
e First fuel model coverage
e Palmetto coverage
Basal Area ft’/ac m*/ha 0
e Palmetto-gallberry overstory
basal area
Weather Units
Wind Speed mi/h km/h 1
e Midflame wind speed
o 20-ft wind speed
e 10-m wind speed
o Effective wind speed
e Maximum reliable wind
speed
Temperature °F °C 0
e Air (dry bulb) temperature
o Wet bulb temperature
e Dew point temperature
Relative Humidity percent percent 0
e Relative humidity
Shading from sun percent percent 0

C2
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Variable English units No. Metric units No.
Dec. Dec.
Terrain & Spotting Units
Slope Steepness percent 0 percent 0
e Slope steepness
(Note: these units only apply when
the SURFACE Module option Slope
is specified as percent is selected.
When Slope is specified as
degrees is selected, all slope units
are degrees.)
Site Elevation & Ridge-to-Valley ft 0 m 0
Elevation Difference
e Site elevation
¢ Ridge-to-valley elevation
difference
e Elevation change (slope
rise)
e Horizontal distance (slope
reach)
Spotting Distance & Ridge-to- mi 1 km 1
Valley Horizontal Distance
e Spotting distance from
torching trees
e Spotting distance from a
burning pile
e Spotting distance from a
wind-driven surface fire
¢ Ridge-to-valley horizontal
distance
Fire & Effects units
Rate of Spread ch/h 1 m/min 1
Fire Heat Per Unit Area Btu/ft2 0 kW/s/m2 0
Fireline Intensity Btu/ft/s 0 kW/m 0
Flame Length & Scorch Height ft 1 m 1
e Flame length
e Flame height of a burning
pile
e Scorch height
Fire Reaction Intensity Btu/ft’/min 0 kKwW/m? 0
Spread Distance ch 1 m 1
e Spread distance
e Forward spread distance
e Backing spread distance
e Fire length
e Maximum width of fire
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Variable English units No. Metric units No.
Dec. Dec.

Fire Area ac 1 ha 1
e Area
e Contained area
e Fire size at report

Fire Perimeter ch 0 m 0
Probability of Mortality & Crown percent 0 percent 0
Volume Scorched
e Tree crown volume
scorched
e Probability of mortality
Probability of Ignition percent 0 percent 0
e Probability of ignition from a
firebrand

e Probability of ignition from a
lightning strike

Time & Map Units

Time h 1 h 1
e Elapsedtime
e Resource Arrival Time
e Resource Duration
e Time from Report

Contour Interval ft 0 m 1
e Map contour interval
Map Distance in 2 cm 1
e Map distance (for slope
calculation)

e Fire spread map distances

e Fire length and width map
distances

e Spotting map distance from
torching trees

e Spotting map distance from
a burning pile

e Spotting map distance from
a wind-driven surface fire
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Variable English units No. Metric units No.
Dec. Dec.
Contain & Safety Units
Rate ch/h 1 m/h 1
e Resource Line Production
Rate
Distance, Containment ch 1 m 0
e Fireline Constructed
e Line Construction Offset
Distance, Safety Zone ft 0 m 0
e Safety Zone Radius
e Safety Zone Separation
Distance
Area, Safety Zone ac 2 ha 0
o Safety Zone Size
Area, Personnel and Equipment ft? 0 m’ 0
e Area per person
e Area per heavy equipment
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Appendix D: The OStartup.bpw worksheet, defaults

The OStartup.bpw worksheet is generally the starting place for selection of calculation modules. Therefore,
upon initiation, the BehavePlus program automatically loads that worksheet. You have the option of ignoring
or closing it and loading a previously saved worksheet loaded through the File > New command.

The OStartup.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 define an alternate appropriate startup worksheet. The program will, however,
continue to load our OStartup.bpw worksheet when the program is initiated. You will need to load your own
using the File > New command.

l“1%]?;ehavePlus 200 Page 1

- N
Modules: NONE
Description |

Run Options

Mo run options selected.

Output Variables
HNone

Notes
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Following are the ‘default’ selections that come with the OStartup.bpw worksheet.

Module Input option OStartup.bpw Other options
selection
SURFACE Fuel is entered as * Fuel models * Fuel parameters
¢ Dynamic palmetto-gallberry
e Two fuel models, two-
dimensional expected spread
e Two fuel models, harmonic
mean
e Two fuel models, area
weighted
Moisture is entered ¢ Individual size class ¢ Dead and live category
by e Moisture scenario
Wind speed is ¢ Midflame height ¢ 20-ft wind and wind
entered as adjustment factor
e |0-m wind and wind
adjustment factor
Wind direction is * Specified on the * Upslope
worksheet
Rate of spread is e Only in the direction | e In directions specified on the
calculated of maximum spread worksheet
Wind & spread ¢ Degrees clockwise o Degrees clockwise from
directions are from upslope north (direction from which
(direction the wind is the wind is blowing)
pushing the fire)
Slope is specified as * Percent ® degrees
Slope steepness is o Specified on the e Calculated from map
worksheet measurements
SCORCH Fire intensity is ¢ Flame length o Fireline intensity
entered as
MORTALITY Bark thickness is o Specified on the e Estimated from species and

worksheet

d.b.h

RH Relative humidity is e Dew point and dry ¢ Dry and wet bulb
derived from bulb temperature temperature and elevation
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Module OStartup.bpw Other output variables
output variable
selection
SURFACE e Rate of spread ¢ Reaction intensity
e Heat per unit area e Spread distance
o Fireline intensity ¢ Midflame wind speed
¢ Flame length o Effective wind speed
¢ Direction of maximum spread e Maximum reliable wind speed
e Maximum wind exceeded? o Slope steepness
o Slope elevation change
o Slope horizontal distance
* Wind/slope/spread direction
diagram
e Fire characteristics chart
e For Palmetto-gallberry dynamic
fuel:
e P-G dead fine fuel load
¢ P-G dead medium fuel load
¢ P-G dead foliage fuel load
o P-G live fine fuel load
¢ P-G live medium fuel load
® P-G live foliage fuel load
o P-G litter fuel load
o Fuel bed depth
SAFETY e Safety zone separation distance | e Safety zone radius
e Safety zone size
SIZE o Area e Length-to-width ratio
® Perimeter ¢ Forward spread distance
o Backing spread distance
o Fire length
e Maximum fire width
o Fire shape diagram
CONTAIN e Time from report e Cost of resources used
o Contain status e Containment diagram
e Contained area
e Fireline constructed
e Number of resources used
SPOT e Spotting distance from torching | e Spotting distance from a burning
trees pile
e Spotting distance from a wind-
driven surface fire
SCORCH e Scorch height
MORTALITY e Probability of mortality ¢ Bark thickness
® Tree crown length scorched
® Tree crown volume scorched
IGNITE e Probability of ignition from a e Probability of ignition from
firebrand lightning
RH e Relative humidity e Dew point temperature

USDA Forest Service General Technical Report RMRS-GTR-xxxWWW. 2003

D3



Appendix D BehavePlus v2.0 Users Guide

Menu item OStartup.bpw Other options
selection
View 100% 50, 67, 75, 83, 117, 133, 150, 167,
200%
Configure > Module selection None SURFACE, SAFETY,

SIZE,CONTAIN, SPOT,
SCORCH, MORTALITY, IGNITE,

RH
Display output distances in map On
units. Off
Configure > Units English Metric
Custom
Configure > Language English (US) Portuguese (Portugal)
Configure > Fuel model set None No other options.
selection .
Fuel model set selection must be
done every time a Worksheet or
Run is loaded
Configure > Moisture scenario None No other options

set selection . . .
Moisture scenario set selection

must be done every time a
Worksheet or Run is loaded
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Configure > Option OStartup.bpw Other options
Appearance selection
Tab
Application Show help pane On Off
Show picture pane On Off
Border color Black Other colors
Border width I 0 = no border
2-9= thicker border
Graph size Graph size 50% 25-100%
Graph title Short Long
X axis origin Zero Min value
Y axis origin Zero Min value
Graph elements 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
Curve width 3 0-9
Axis color Black Other colors
Axis width I 2-9
Gridline color Yellow Other colors
Gridline width I 0=no gridlines
2-9=thicker gridlines
Page tabs Display page tab Off On
Tabs per page 4 0 = no tabs
[-10
Tab position I 0=no tabs
| - #tabs per page
Tab text Blank User defined
Tab text color Black Other color
Tab font size 12 8-24
Tables Shade alternate table On Off
rows
Shade Light grey Other colors
Worksheet Fire projection Off On
documentation
Training documentation | Off On
Show input codes for all | Off On
discrete variables
Show output variables On Off
to be calculated
Show notes section On Off
Notes lines 4 [-10
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Appendix E: 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 T by the Example Worksheets folder displays the following list. A
double click on the selection or a single click and Ok loads the worksheet.

M BehavePlus BehavePlus 2.0.0 Select A Worksheet M=l
Wotlcsheet | Files | Description | Last WModified
i--EQExample-\ﬁxforl{sheets 9 Wed Mar 26 09:30:11 2003
- @22 (1 Startup. bpw Blank worksheet, default mitalization, English Mon Jan 20 12:37:44 2003
- ¢ Fuellodeling bpw Surface fire, fuel modeling Mon Jan 20 12:37:44 2003
- &2 SlopeMap bpw Slope cale from map measurements Mon Jan 20 12:37:44 2003
- 7% SurfaceBasic bpw Surface fire in the dir of max spread (DIRECT) Wlon Jan 20 12:37:44 2003
- &% SurfaceBasicFrom bpw Wind direction "from" Mon Jan 20 12:37:44 2003
- 7% SurfaceMap bpw Surface spread map application Won Jan 20 12:37:44 2003
- &% SurfaceScorchMortality bpw Linked models, spread direction mput Wlon Jan 20 12:37:44 2003
- 7% Surface Simple bpw Surface fire spread, simple case, upslope spread w... IWon Jan 20 12:37:44 2003
- 7% Surface Spotlgnite bpw Spotting from a wind- driven surface fire Mon Jan 20 12:37:44 2003
- [ MyWotksheets 0 Default user worksheet folder Wed Mar 26 09:30:11 2003
™ Picture
Catcel

It is important to recognize that these are only examples. We expect that people 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 OStartup.bpw
worksheet was used to initialize all of the following example worksheets.

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.

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

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

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.

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

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

e  Calculations are only for the direction of maximum spread.

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

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

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.

e  Fuel is entered as fuel parameter.

e Fuel moisture is entered as moisture scenario.

e  Wind is blowing upslope.

e Calculations are only for the direction of maximum spread.

e Only rate of spread (maximum) and flame length are selected as output.

SurfaceMap.bpw
This worksheet might be used when using maps in projecting fire growth.
e The header includes those for ‘fire projection documentation’.
e Output distances are displayed as map units.
e Calculations are only for the direction of maximum spread.
®  Wind and spread directions are degrees clockwise from north.
e Wind direction is the direction from which the wind is blowing.
e Direction of maximum spread and spread distance are selected as additional output variables.

e Slope steepness is calculated from map measurements.

SlopeMap.bpw
This simple worksheet is used to calculate slope steepness from map measurements. It is available from the
SURFACE module.

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

e  Only the slope output variables are selected.

SurfaceScorchMortality.bpw

This worksheet enables the three modules SURFACE, SCORCH, and MORTALITY.
e Calculations are for specified spread directions (rather than for the direction of maximum spread).
e Wind and spread directions are degrees clockwise from upslope.
e Wind direction is the direction the wind is pushing the fire.

SurfaceSpotlgnite.bpw
This worksheet enables the three modules; SURFACE, SPOT, and IGNITE
e 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.
e  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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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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