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Abstract

Vaillant, Nicole M.; Ager, Alan A.; Anderson, John; Miller, Lauren. 2013.
ArcFuels User Guide and Tutorial: for use with ArcGIS 9. Gen. Tech. Rep. PNW-
GTR-877. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station. 256 p.

Fuel management planning can be a complex problem that is assisted by fire
behavior modeling and geospatial analyses. Fuel management often is a particularly
complicated process in which the benefits and potential impacts of fuel treatments
need to be demonstrated in the context of land management goals and public expec-
tations. Fire intensity, likelihood, and effects can be analyzed for multiple treatment
alternatives. Depending on the goal, the effect of treatments on wildfire impacts
can be considered at multiple scales, from a single forest stand or planning unit to a
watershed to a national forest to the Nation as a whole.

The fuel treatment planning process is complicated by the lack of data assimila-
tion among fire behavior models and by weak linkages to geographic information
systems, corporate data, and desktop office software. ArcFuels is a streamlined
fuel management planning and wildfire risk assessment system. ArcFuels creates a
trans-scale (stand to large landscape) interface to apply various forest growth and
fire behavior models within an ArcGIS® platform to design and test fuel treatment
alternatives. It eliminates a number of tedious data transformations and repetitive
processes that have plagued the fire operations and research communities as they
apply the models to solve fuel management problems.

This User Guide and Tutorial includes an overview of ArcFuels and its func-
tionality, a tutorial highlighting all the tools within ArcFuels, and fuel treatment
planning scenarios. There is also a section for obtaining, formatting, and setting up
ArcFuels for use with your own data. It is assumed that the reader has basic famil-
iarity with the Forest Vegatetion Simulator (forest growth and yield program) and
FlamMap (landscape fire behavior model).

Keywords: ArcGIS, fire behavior models, forest growth models, fuel treatment

planning, wildfire hazard, wildfire risk.
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Chapter 1

What is ArcFuels?

ArcFuels is a library of ArcGIS®! macros (programs) developed to streamline fire
behavior modeling and spatial analyses for fuel treatment planning at the landscape
scale. ArcFuels macros are executed via a custom toolbar in ArcMap®. ArcFuels
was programmed in the Visual Basic for Applications (VBA) development environ-
ment and incorporated into ArcMap. The macros link (1) key wildfire behavior
models, (2) fuels and vegetation data, (3) Microsoft Office®, and (4) ArcGIS.
ArcFuels exists as an ArcMap project file (mxd) that is linked with a Microsoft
Access® projects database.

ArcFuels is used to rapidly design and test fuel treatments at the stand-to-
landscape scales via linkages to forest vegetation growth and visualization models,
stand-level fire behavior models, landscape-level fire behavior models, and fire-
effects models, within a spatial interface (table 1-1). The ArcMap framework helps
users incorporate data from a variety of sources to address project-specific issues
that typify many fuel treatment projects.

ArcFuels provides a logical flow from stand to landscape analyses of vegetation,
fuel, and fire behavior, using a number of different models (table 1-1) and a simple
user interface within ArcMap (fig. 1-1). ArcFuels was built to accommodate both
ArcGIS grid data and forest inventory data. The specific functionality of ArcFuels
includes:

1. An interactive system within ArcMap to simulate fuel treatment prescrip-
tions with the Fire and Fuels Extension to the Forest Vegetation Simulator
(FFE-FVS) (Rebain 2010).

2. Automated generation of Microsoft Excel® workbooks and Stand
Visualization System (SVS) (McGaughey 1997) images showing how fuel
treatments change wildfire behavior and stand conditions over time after
FFE-FVS modeling.

3. Scale-up of stand-specific treatments to simulate landscape changes in veg-
etation and fuel from proposed management activities.

4. Pre- and postprocessing of files for FlamMap (Finney 2006) to simulate
landscape-scale fire behavior and to measure fuel treatment performance in
terms of wildfire probabilities, spread rates, and fireline intensity.

The ability to easily modify and reevaluate fuel treatment scenarios.

Viewing and analyzing spatial fire behavior outputs in ArcMap.

1 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.

ArcFuels is used to
rapidly design and
test fuel treatments
at the stand-to-
landscape scales via
linkages to forest
vegetation growth
and visualization
models, stand-level
fire behavior models,
landscape-level fire
behavior models, and
fire-effects models,
within a spatial
interface.
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Table 1-1—Description of forest growth and fire behavior models linked to ArcFuels

Model

Description

Linkage within ArcFuels

Forest Vegetation
Simulator (FVS)
(Crookston and Dixon 2005)

Stand Visualization System
(SVS) (McGaughey 1997)

Fire and Fuels Extension to FVS
(FFE-FVS) (Reabin 2010)

NEXUS (Scott 1999)

BehavePlus (Heinsch
and Andrews 2010)

BehavePlus
(SURFACE module)

FlamMap (Finney 2006)

Fire Area Simulator
(FARSITE) (Finney 1998)

First Order Fire Effects
Model (FOFEM)
(Reinhardt et al. 1997)

Individual-tree, distance-independent
growth and yield model

Generates graphics depicting
stand conditions

Stand-level simulations of fuel
dynamics, potential fire behavior
and fire effects over time

Stand-level spreadsheet that links
surface and crown fire prediction models

Stand-level fire behavior, fire effects, and
fire environment modeling system

Stand-level fire behavior, fire effects, and
fire environment modeling system

Landscape-level fire behavior mapping
and analysis program

Landscape-level fire spread simulator

Stand-level first order fire effects
modeling system

Calls the program, creates input data,
processes output data, and allows
interaction in execution

Calls the program; creates input data

Calls the program, creates input data,
processes output data, and allows
interaction in execution

Calls the program; creates input data

Calls the program

Fully integrated (Behave Calculator in
Wildfire Models tool)

Calls the program; creates input data,
processes output data

Calls the program; creates input data,
processes output data

Calls the program

Source: Adapted from table 1 in Ager et al. (2012).

ArcFuels can be used for both project planning and fuel management research.

There are four major applications explained in this manual, which appear in order

of increasing complexity: (1) modeling fuel treatments with FFE-FVS, (2) simulat-

ing landscape-level fire behavior and fuel treatments, (3) using burn probability

modeling and risk exposure analysis to measure the performance of fuel treat-

ments, and (4) fuel treatment impacts on carbon offsets. These individual areas are

described below.

Modeling Fuel Treatments With FFE-FVS
ArcFuels adds a spatial context to FFE-FVS and facilitates its application for

both stand and landscape modeling of fuel treatments. Stand-level analysis with

FFE-FVS typically involves simulating activities like thinning, and surface fuel

treatments such as pile burning, mastication, or broadcast burns, and examining the
changes to fire behavior and effects such as tree mortality. At the stand level, the
intention is that users will have access to digital orthophotos to see the vegetation in
stands (delineated by an ArcGIS stand polygon layer) and be able to point and click
on individual stands to run FFE-FVS and SVS. When this is completed, ArcFuels
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generates an Excel workbook with FFE-FVS outputs and graphs generated in

each worksheet. At the landscape scale, modeled outputs are written to an Access
database. The selection of which stands are run through FFE-FVS is user defined
and can range from a single stand to the entire landscape. Additionally, ArcFuels
makes it possible to build landscape files (LCPs) from the FFE-FVS outputs for fire
behavior modeling in FlamMap to test treatment alternatives with wildfires.

Much of stand-level modeling involves validating data and iteratively examin-
ing different treatment combinations on a suite of stands that collectively comprise
a coordinated landscape fuel treatment strategy. Direct links to the prescription
files (keyword component files, KCPs) allows efficient editing of the keywords,
making easy comparisons possible. The validation or assessment of fuel treatment
prescription(s) at the stand level can also be applied to larger landscapes to develop
landscape-level treatment alternatives. Posttreatment stand development and fuel
dynamics can be used to determine retreatment frequency over time.

In addition to running FFE-FVS for a single prescription, ArcFuels has the
ability to analyze treatment prescriptions by altering a single keyword parameter
over set step amounts. This provides a way to explore how different fuel treatment
prescriptions affect fire behavior and effects. ArcFuels will batch process the runs
and generate an Excel workbook (with graphs) for a single stand, or generate an
Access database for multiple stands. The process is useful for uncovering thres-
holds and other nonlinear outcomes. An example of a threshold would be deter-
mining the intensity of tree thinning required to result in potential flame lengths
of less than 4 ft.

In addition to fire behavior and fire effects, it is possible to complete ancil-
lary analyses using FFE-FVS for other factors such as wildlife habitat and carbon

sequestration.

Simulating Landscape Fire Behavior and Fuel Treatments

Landscape analysis of fuel treatment scenarios examines the aggregate effect of all
treatments on potential wildfire behavior (Collins et al. 2010). The spatial arrange-
ment, unit size, and total area treated are of importance to fuel treatment effective-
ness (Finney 2001, 2007; Finney et al. 2007). The concept of strategically placing
fuel treatments to block the progression of wildfire was demonstrated in simulation
studies by Finney (2001, 2007). In simulated simplistic landscapes, treatments
located in a staggered, overlapping pattern perpendicular to the prevailing wind
are most effective at reducing rates of spread (Finney 2001). This theory was put
into practice by planners in the Pacific Southwest Region of the Forest Service as a

key component of their collaborative “Fireshed Assessment” process (Bahro et al.
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2007), and ArcFuels became the analytical engine for this process. The Forest Ser-
vice created a national program to promote wider application of the concept (Gercke
and Stewart 2006) and facilitate the use of an automated treatment optimization
model (TOM) (Finney 2007) developed for FlamMap. The TOM system located
treatments to block the fastest routes of travel and maximize the reduction in spread
rate across a landscape per area treated.

Regardless of the fuel treatment plan, fuel treatments can be simulated at the
landscape scale in three ways in ArcFuels: (1) simulating all stands through FFE-
FVS with treatment prescription(s), (2) using appropriate stand-level FFE-FVS runs
to determine treatment adjustment factors to alter grid data to represent posttreat-
ment conditions, or (3) using treatment adjustment factors determined from experi-
ence or direct monitoring to represent posttreatment conditions. Within ArcFuels,
it is possible to store the treatment adjustment factors and then apply the changes to
select locations in the landscape in a single step.

Ultimately, outputs from treatment and no-treatment alternatives can be
compiled and formatted to feed directly into the spatial fire modeling programs
FARSITE and FlamMap. FlamMap is a widely used landscape-level fire behavior
model for analyzing fuel treatments. ArcFuels streamlines the preparation of LCPs
which characterize the fuel environment; they can be created using ArcFuels from
grid data (such as LANDFIRE) (Rollins 2009), from FFE-FVS simulations, or from
multiple sources. ArcFuels also provides tools for quick postprocessing of modeled

fire behavior outputs to analyze treatment effects in ArcGIS.

Burn Probability Modeling and Risk Analysis

The incorporation of the minimum travel time (MTT) (Finney 2002) fire spread
algorithm into FlamMap makes it feasible to rapidly simulate thousands of fires that
can then be used to generate burn probability maps. These burn probability maps
can be compared for different management scenarios at large scales. Prior to this
method, fire likelihood for fuel treatment projects was quantified with relatively few
(<10) predetermined ignition locations.

Burn probability coupled with simulated flame length can be used to complete
a type of wildfire risk assessment called a “wildfire exposure analysis”. The outputs
can be used to create matrices to categorize the landscape based on likelihood of
a fire occurring (burn probability) and potential intensity (flame length). This
categorization can highlight “hot spots” in the landscape for fuel treatment plan-
ning. The outputs can also be used to create risk scatter plots to assess differences
in exposure between and among values. Such an analysis was completed by Ager
et al. (2010) to analyze tradeoffs between preserving large trees and protecting the

wildland-urban interface.
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Fuel Treatment Impacts on Carbon

Analyzing carbon dynamics with fire behavior models like the FFE-FVS has
become a common fire modeling exercise and has been motivated by questions
about carbon impacts from fuel management programs (Hurteau et al. 2008, North
et al. 2009, Reinhardt and Holsinger 2010). The potential carbon impact from

fuel treatments is dependent on the distribution of carbon in different pools (live,
dead, surface, canopy, etc.) and the contribution of the pools to fire behavior. Fuel
management activities differentially affect carbon pools depending on the type of
treatment, and can result in emissions from both underburning and the wood manu-
facturing process. Both positive (Finkral and Evans 2008) and negative (Mitchell et
al. 2009, Reinhardt and Holsinger 2010) carbon impacts from fuel treatments have
been reported.

ArcFuels enhances the postprocessing of carbon outputs generated by FFE-
FVS. At the stand level, ArcFuels automates the process of comparing carbon pools
before and after treatment or among two treatment alternatives. The offset calcula-
tion involves accounting for carbon removed from the site and fixed in building
products, as well as adding emissions from logging residue to the emissions pool.
At the landscape level, the carbon offset can be automatically calculated for two
landscapes. The offset is calculated for both emissions (carbon released from fire
and nonmerchantable materials removed during treatment) and total carbon stock
(live and dead overstory and understory vegetation, surface fuels, and live and
dead roots).
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Chapter 2

Getting Started
Purpose of the User Guide and Tutorial

The purpose of this document is to highlight the functionality of ArcFuels and
teach the user how to proficiently use all the tools in ArcFuels. Because ArcFuels
leverages other programs such as ArcGIS, FlamMap, FVS, SVS, Excel, and Access
the user is assumed to have some familiarity with these programs. The User Guide
and Tutorial will teach basic functionality of these auxiliary programs with respect
to use with ArcFuels but does not include all aspects of those programs. For extra
guidance with ArcGIS please refer to the downloadable supplemental guide “GIS
Tips and Tricks,” available from the ArcFuels Web site (http:/www.fs.fed.us/

wwetac/arcfuels/).

User Guide and Tutorial Conventions

This User Guide and Tutorial employs the following conventions:

1. Reference to sections within the User Guide and Tutorial are in bold italic
text. For example, “See the Start-up Errors section below if ArcFuels does
not open properly.”

2. Menu selections, buttons, form names, and tab names are in bold text. For
example, “Select the Wildfire Models button, then select FlamMap from
the drop-down list.

3. Text within forms or tabs is shown in italics. For example, “Select elevation
from the Stand Polygon Layer drop-down list.”

4. Preexisting data, either within the demonstration data or data created dur-
ing a prior exercise, are underlined. For example, “Select elevation from the
Stand Polygon Layer drop-down list.”

5. Commands or text you type from the keyboard are shown in quotation
marks. For example, “Enter ‘fm_8’ in the text box to name the new grid
you are creating.”

6. “Click” refers to pressing the primary mouse button (usually the left mouse
button).

7. “Double-click” refers to pressing the primary mouse button twice.
“Right-click” refers to clicking the secondary mouse button.

9. When a string of steps is used, they are in bold text and connected with an
arrow (=). For example, “Add the GIS layer file for the demonstration data
in ArcMap (File>Add Data).”

10. Keyboard combinations are shown separated by a hyphen (-); this means
that both keys need to be pressed in unison for the function to work. For

example, “The VBA editor can be opened by pressing Alt-F11.”

The purpose of

this document is

to highlight the
functionality of
ArcFuels and teach the
user how to proficiently
use all the tools in
ArcFuels.
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The ArcFuels toolbar
is distributed in an
ArcMap project file.
There is no installation
program for ArcFuels.

11. Capitalization is used to emphasize important steps. For example, “MAKE
SURE THE FOLDERS ARE NOT FURTHER NESTED.”

System Requirements

To run ArcFuels, the following programs must be installed on your computer:
e ArcMap version 9.1, 9.2, 9.3, or 9.3.1 with the Spatial Analyst Extension
* ArcCatalog
*  Microsoft Office Excel
*  Microsoft Office Access
* Notepad, WordPad, or another text editing program.

ArcFuels Download and Installation Instructions
The ArcFuels toolbar is distributed in an ArcMap project file (*.mxd). There is no

installation program for ArcFuels (you do not need administrative privileges on
your computer). The download site contains a complete set of demonstration data
and a set of programs needed for demonstration purposes.

1. Create a directory C:\arcfuels and download the following files from the

ArcFuels Web site: http:/www.fs.fed.us/wwetac/arcfuels/.

» arcfuels9x.mxd—ArcMap project file for use with ArcGIS 9.1, 9.3, 9.3,
or 9.3.1 with ArcFuels macros (i.e., toolbar buttons).

» arcfuels_projects.mdb—The Access database stores information
about data and program directories and paths.

» data.zip—This zip folder includes demonstration data for the Mt.
Emily project area and will be used throughout the User Guide and
Tutorial exercises.

e programs.zip—This zip folder contains a selected set of FVS/FFE-
FVS (Forest Vegetation Simulator/Fire and Fuels Extension to FVS)
executables, the SVS (Stand Visualization System), and FlamMap3 pro-
gram files. All of these are needed to complete the exercises in the User
Guide and Tutorial.

» docs.zip—This zip folder is an optional download. It contains support-
ing literature about the programs and relevant scientific publications.

» extra_programs.zip—This zip folder is an optional download. It con-
tains additional fire behavior models: FARSITE (Fire Area Simulator),
NEXUS, FOFEM (First Order Fire Effects Model) and BehavePlus.

» exercise_outputs.zip—This zip folder is an optional download. It con-
tains the outputs for all exercises in the User Guide and Tutorial.

2. Unzip the data.zip and programs.zip into to the C:\arcfuels folder. If extra_

programs.zip, docs.zip, and exercise_outputs.zip were downloaded, also
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unzip them into to the C:\arcfuels folder. Unzipping will create several
subfolders containing data files and programs (fig. 2-1). MAKE SURE THE
FOLDERS ARE NOT FURTHER NESTED. For example, the path to the
data folder should be C:\arcfuels\data.

3. Create a folder C:\arcfuels\outputs, which will be the default location for all

outputs created during the exercises.

arcfuels9x.mxd
arcfuels_projects.mdb

\

C:\arcfuels\data | | C:\arcfuels\programs | | C:\arcfuels\outputs | | C:\arcfuels\extra_programs | | C:\arcfuels\docs

Input data FlamMap Output data NEXUS Useful
(fuel grids, KCP (LCPs, grids, FVS FARSITE documentation
stand polygon, FVSbin (FVS, FFE- runs, etc.) FOFEM and
resources at FVS, SVS) BehavePlus publications
risk, etc.)

=

J File Edit Mjew Favorites Tools  Help .','r
J @ Back - -\__;}1 - 'ﬁ; !, ) Search i__-; Folders v
J.ﬁ.gdress I Ciharcfuels j Go
A | Mame -~ | Size | Tvpe
File and Folder Tasks % [hdata ! File Falder
|Chdocs File Folder
1 Make Frld ;
Ej : ar!ew e [Chextra_programs File Folder
h:? Share this Folder [Choutputs File Folder
[ﬁprugrams File Folder
T = Q)| arcfuelsdx.mxd 4,723 KB ESRI ArcMap Daocu, .,
Fa
i (2] arcfuels_projects.mdhb 676 KB  Microsoft Office Acc..,
cge Local Disk (2] ::ﬂdata.zip 39,073 KB WinZip File
iD My Documents i:Q-:I-:n:s.zip 50,263 KE  WinZip File
i M Camonibar @extrajmgrams.zip 50,461 KE  WinZip File
- . B = @pmgrams.zip 30,376 KB WinZip File
H My Metwork Places EI project, bxk 1 KB Text Document

TI{I ILI

Figure 2-1—Data structure (A) and directory set up (B) for ArcFuels. Ensure the data, outputs, and programs folders are not further
nested in other folders.
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Other directory structures and names can be used for ArcFuels, providing that
the defaults are changed accordingly in the projects database. This is discussed in
subsequent sections. ArcFuels will run from any directory.

The demonstration program set includes FlamMap, SVS, and FVS. These
programs are provided in the C:\arcfuels\programs folder and are for demonstration
purposes only. You should eventually go to the respective Web sites and download
the most recent version. Fire behavior programs such as FlamMap and FARSITE
are available at http://www.fire.org; FVS is located at http:/www.fs.fed.us/fmsc/fvs/
software/.

Only the Blue Mountain (BM) variant of FVS is included in the programs
folder because it corresponds to the Mt. Emily study area. Documentation about the
BM variant is included in the docs folder. FVS contains many variants across the
United States; if you are using your own data, refer to the FVS Web page (http:/
www.fs.fed.us/fmsc/fvs/) and download the correct variant files.

Many of the routines in ArcFuels use database fieldnames to retrieve data from
Access databases. The code is case sensitive, using lowercase as the convention,
with few exceptions. IF YOU BUILD YOUR OWN DATABASES, USE THE
DEMONSTRATION VERSIONS AS TEMPLATES.

TIP: ArcFuels will not work properly if the folders are further nested. For
example, the path to the data folder should be: C:\arcfuels\data NOT C:\arcfuels\
data\data. All references to finding data and linkages among programs rely on

proper initial setup.

Mt. Emily Demonstration Data

The supplied demonstration data are for the Mt. Emily wildland-urban interface
in northeastern Oregon (fig. 2-2). The Mt. Emily area is immediately north of La
Grande, Oregon, and encloses 40,385 ac, 58 percent of which are federally man-
aged lands. About 30,300 ac of the area are forested based on a 10 percent canopy
closure definition. The forest composition ranges from dry forests of ponderosa pine
to cold forests dominated by subalpine fir and Engelmann spruce, and a transition
zone containing grand fir, Douglas-fir, and western larch (Ager et al. 2010). The Mt.
Emily study area is composed of 1,081 stands (polygons).

A full set of demonstration data is available for completing the exercises within
this User Guide and Tutorial. Data include:

* Geospatial data (see table 2-1 for a full list)

» Database with forest inventory data
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| c
Figure 2-2—Vicinity map of the Mt. Emily area showing land ownership boundaries. Bold
white line indicates study area boundary. FS denotes lands managed by the Forest Service. PV
denotes privately owned lands. Several small tracts owned by the state of Oregon within the
study area are not shown. (Figure 1 from Ager et al. 2007.)

* Sample FVS database for building your own data set
*  Treatment adjustment database
*  Weather files for running FlamMap

¢ Files for conversion demonstrations

11
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Table 2-1—Spatial data included within the demonstration data folder

Data type Name Units Description

grid If fbfm40 n/a Scott and Burgan (2005) fire behavior fuel model
grid If cc % Canopy cover

grid If ch m*10 Canopy height

grid If cbh m*10 Canopy base height

grid If cbd kg/m3*10 Canopy bulk density

grid elevation m Elevation

grid aspect azimuth Aspect

grid slope degrees Slope

grid hillshade n/a Shaded relief of the study area

grid subarea n/a Smaller sub-area within the study area
grid fire n/a Hypothetical past fire

grid lynx n/a Hypothetical Canada lynx habitat

grid trt_type n/a Hypothetical fuel treatment type

grid trt_location n/a Hypothetical fuel treatment location
grid ideal _trt n/a Hypothetical ideal treatment locations
SID mt_em.sid n/a NAIP imagery of the study area
polygon mt_emily stands n/a Mt. Emily stands

polygon lynx_habitat n/a Hypothetical Canada lynx habitat
polygon treatment units  n/a Hypothetical fuel treatment plan

point structures n/a Individual structures within the study area

Source: The “If”” data were downloaded from LANDFIRE (http://www.landfire.gov) and are the Refresh 2008
(LF_1.1.0) data.

Setting Up ArcFuels With the Mt. Emily Demonstration Data

1. Start ArcMap by double-clicking the arcfuels9x.mxd. See the Start-up
Errors section below if ArcFuels does not open properly.
a. The Project Manager form will appear (fig. 2-3). In the Current
Project textbox, select mtemily from the drop-down list.

i. The Project Manager form includes four separate tabs (described
below) and contains information on folders, files, geographic infor-
mation system (GIS) data, and programs for specific projects. This

information is stored in the arcfuels projects.mdb.

2. Click Close to close the form.

3. Add the GIS layer file (fig. 2-4) for the demonstration data in ArcMap
(ArcMap Menu=>File=>Add Data) by navigating to Demo_data.lyr in
the C:\arcfuels\data folder.

4. Click the Projects and Files button on the ArcFuels toolbar, then select
Manage Projects from the drop-down list to reopen the Manage
Projects form.

12
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Project Manager

Project Database I Ciharcfuels\aRCFUELS_Projects, mdb

Layers IPrograms | Faolders and Files | Tables and Figlds |

L«

Stand Polygon Layer I |

Elewation Grid
Slope Grid
Aspect Grid

KN EN K]

L

Stand ID Grid

Fuel Model Grid

Canopy Cover Grid

Canopy Height Grid

Canopy Base Height Grid

[N KN KN EN/K!

Canopy Bulk Density Grid

Current Project | mkermily j Mew Praject. .. |

Close |

Figure 2-3—Project Manager form with the mtemily project selected.

elevation
slope

aspect
IF_fbfm40
IF_cc

IF_ch

IF_cbh
IF_cbd
subarea

fire

hillshade
structures
Iy _habitat
Iy
treatment_units
trt_location
trt_type
ideal_trt
mt_em.sid

EEEEEEEENEEEEEE BB EEE
HOODO0O0000000000000000
AL NprBerohiteD

Display I Source

Selection | Catalog | 2o a0 «

[

% arcfuels9x.mxd - ArcMap - ArcInfo o) x|
J File Edit “iew Bookmarks Insert Selection Tools Window Help |
D& s BaX| oo & 2| ST e k2 | @ @[ EE R
J Stand '| ™y Select Stand | ™y Cell Data | Landscape " ‘WildFfire Models " Madify Grid Values | Conversion " Projects and Files " ArcFuels Help
=& -
EF=] oyers]

= Demo_data =]

mt_emily_stands e

stands oo

<u

=

| orewng = & 3 @ | O+ A ~ 72 [0 CwoidasansUnicod= =] [0 =] B £ U |A~ &~ £~ o~

| |404776.65 5051488.92 Meters

4

Figure 2-4—Mt. Emily project area with satellite imagery in the background and the stand

polygon outlines in the foreground.

13
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5. Select the Layers tab (fig. 2-5).
a. The Layers tab is where the stand polygon layer and associated stand
grid layer are stored for use with FVS runs. In addition, the grids used

to build landscape files are stored, which are required when using the
Cell Data tool.

b. Ensure that the ArcGIS layers autopopulated in the correct boxes.

If not, use the drop-down lists to select the correct layers.

Project Manager L

Project Database I Ciharcfuels\ ARCFUELS _Projects.mdb

Current Project I rkernily j Mew Project... |

Layers IF‘rograms | Folders and Files | Tables and Fields |

Stand Polygon Laver I mt_emily_stands j
Elevation Grid elevation =]
Slope Grid slope Jid
Aspect Grid aspect =]
Stand ID Grid stands j
Fuel Model Grid IF_Fbfr40

Canopy Cover Grid IF_cc

Canopy Height Grid IF_ch

Canopy Ease Height Grid IF_cbh
Canaopy Bulk Density Grid | IF_cbd

[KNEN KN KN (K

Figure 2-5—Layers tab filled out properly in the Project Manager form for use with the
demonstration data.

6. Select the Programs tab (fig. 2-6).

a. The Programs tab contains the paths to the executable files for exter-
nal programs linked to ArcFuels. For more information about the pro-
grams, refer to table 1-1.

b. Check that the paths to FVS, SVS, and FlamMap are correct. If not,
navigate to the versions of the programs downloaded from the Web
site (which will be in C:\arcfuels\programs) or to the location on your
computer. If the paths to the other programs are populated and you did
not download the extra programes, it is okay to leave them that way;
ArcFuels will function properly without these paths populated.
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Project Manager x|
Project Database I Ciharcfuels) ARCFUELS _Projects.mdb

Currenk Project I rnternily j Mew Project... |

Layers Programs IFnIders and Files | Tables and Fields |

Fy'sS I Ciharcfuels\programsiFy SbintFySbm, exe _I
WS I Cilarcfuels\programsifyshiniwinsys.exe _I
PPE I Ciiarcfuels\programsiFySbinFyYSppbm. exe _I
FlamMap I Charcfuelsprogramsiflammap3iFlamMap3.exe _I
Mexus I Criarcfuels\extra_programsiMEXIS2 MexushS. exe _I
FARSITE I Charcfuelsiextra_programs\FARSITES farsited, exe _I
Behave I Ciharcfuels\extra_programsiBehavePlussiBehavePluss, exe _I
FOFEM I Ciharcfuels\extra_programs\FOFEMS|fofemS, exe _I
LTD | CALTDILTD.exe

Close |

Figure 2-6—Programs tab filled out properly in the Project Manager form.

7. Select the Folders and Files tab (fig. 2-7).

a.

The Folders and Files tab tells ArcFuels where to look for input data

and where to write output data.

Check that the paths to the Data folder, KCP folder, Output folder, FVS
input database, and Landscape output are as shown in figure 2-7. If not,
navigate to the correct paths for each. If the NEXUS work folder path is
blank or populated, it is okay to leave it that way.

The form can be modified at any time to reflect changes in data storage

locations.

8. Select the Tables and Fields tab (fig. 2-8).

a.

The Tables and Fields tab is what creates the linkage between
the Mt. Emily stand polygon layer and the FVS database (stand
and tree data). In essence, this is how ArcFuels makes FVS data

spatially explicit.

Check that the linkages are correct. If not, use the drop-down lists to

select the tables and fields shown in figure 2-8.

15
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Project Manager | il

Project Database I Ciharcfuels\ARCFUELS _Projects.mdb

Current Project I rkermily j Mew Prajeck. .. |

Layers | Programs Folders and Files | Tables and Fields |

Data folder I Cilarcfuelsidata)
KCP Falder I Ci\arcfuels\programsikoph
Qutput Folder I Cilarcfuelsioutputs),

FYS input database I Ciharcfuelsidata\me_Emily_Database.mdb

Landscape oukput I Criarcfuelsioutputsinotreat. mdb

Mesus work Folder I Ciharcfuelshoutputsy

FOFEM Folder I CiarcfuelstProgramsifofem'fofems, exe

O N O

Close |

Figure 2-7—Folders and Files tab filled out properly in the Project Manager form.

Project Manager | il

Project Database I Ciharcfuels\ARCFUELS _Projects.mdb

Current Project I rikermily j Mews Projeck, .. |

Layers | Programs | Folders and Files  Tables and Fields I

15 field name I skandid j Stand id Field in stand polygon laver

Tables and fields in FYS input database

Stand datatable I stands

Led Lo

Stand Field narme I Stand_ID

Tree datatable I trees

Led L

Tree list field name I Stand_ID

Figure 2-8—Tables and Fields tab filled out properly in the Project Manager form.




ArcFuels User Guide and Tutorial: for Use with ArcGIS 9

Start-Up Errors

Visual Basic editor window—

If an error is generated by the ArcFuels macros, the VBA editor will open and the
offending code will be highlighted in yellow. Click Run=>Reset on the main menu
(fig. 2-9) and File=>EXit to close the VBA editor and return to ArcMap to resume
the session. The blue square below Run will also reset the project. The VBA editor
can be opened by pressing Alt-F11. Most errors generated by ArcFuels are caused
by incorrect pathnames and fieldnames in the project database.

£ Microsoft Yisual Basic - arcfuels9x.mxd - [m01Project {(Code)] Aglil
% File Edit Miew Insert  Format erug@lmls Add-Ins  Window  Help -8 X
RE-H sBRRAIC > @K SEFTRN@ E
Project - ArcFuels B I(General} j I(Declarations} j
E = B - —
i bptlnn Explicit i
¢ EE5 Modules -] ' 3
{&mDDArCFUBBVBrs (B S S S S S S S e S S e S R R B S R R S e R
w4 mO1Project | '+ Project Manager
w2 mozPaths ko - -
w3 mi3CurrentStan: '+ Load, edit and seve project variables.
52 mo4CurrentCell ' x
“"""‘“""""_’ILI '+ LoadProject - load the project wvariables
'* BeloadProject - after an error wipes out
Properties - m01Projeck Eq '* CheckProjectsDEPath
|ml]1Pruject Module ;I '* ProjectMName - load the selected project's
'*  SawveProjectlMName - to text file =o it can
Alphiabetic |Categorized| '* GetProjectMame - from text file
mmmpmject '* LoadProjectVarisbles - from ArcFuels Proj
'* PropertyVWaluse - get or set the walue of 5

Figure 2-9—Visual Basic editor window showing the Run=>Reset process for troubleshooting.

If you are using ArcFuels on a non-Forest Service computer and get an error at
startup, you will probably need to edit the VBA references. In the VBA editor, go
to Tools=>»References. Look through the list of references that have check marks
(these are at the top of the list) for ones that say MISSING. If you find any, write
down the complete name and click to remove the check mark. Then scroll down the
list of unchecked references (these are in alphabetical order) for one with the same
name but a different number. For example, if you found “Microsoft ADO Ext. 2.8
for DDL and Security (MISSING)” with a check mark, you might find “Microsoft
ADO Ext. 2.7 for DDL and Security” lower in the list. Click on this reference to put
a check mark next to it. Note that you may need to save and/or restart ArcMap for

these changes to take effect.

17
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Missing buttons—
When you open ArcFuels, if a few of the buttons on the toolbar are “[Missing]” and

you get an error window opening, this means that ArcGIS was not installed prop-

erly (fig.2-10). You will need to repair or reinstall ArcGIS.

* arcluels9.mud - ArcMap - Arcinlo
Fie Edt Yew Bookmarks Jrsert Selection Tooks Window Help
DFd& - R - -¢r|123.1'131 |
I T Sy

Stand v () [Mssng ] ) [Mssng ] Landscape ¥ mmr'

T x|

This mithod Can oniy be Called on bult in commands. :

A ArcPusk ThisDesument ShowPrejectFacm

Figure 2-10—M issing buttons in the ArcFuels
toolbar means that ArcGIS was installed incorrectly
and needs to be repaired or reinstalled.
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Chapter 3

ArcFuels Tool Overview

As mentioned, ArcFuels is a library of ArcGIS macros developed to streamline fire
behavior modeling and spatial analyses for fuel treatment planning where ArcFuels

macros are executed via a custom toolbar in ArcMap (fig. 3-1, table 3-1).

The toolbar consists of a number of buttons, many with multiple options found

in drop-down lists and sometimes multiple tabs in the associated forms. The

ArcFuels toolbar also has two buttons, Select Stand and Cell Data which are used
to select a polygon (stand) or a grid cell from data loaded into your ArcMap table

of contents.

The functionality of each button will be described in the following sections,

from left to right across the toolbar, with exercises for each.

The ArcFuels toolbar
consists of a number
of buttons, many with
multiple options found
in drop-down lists and
sometimes multiple
tabs in the associated
forms.

E

Skand '| " Select Stand | " el Data | Landscape v| ‘wildFfire Models '| Modify Grid Values | Conversion '| Projects and Files = | ArcFuels Help

Figure 3-1—ArcFuels toolbar.

Table 3-1—Summary of ArcFuels tool bar functionality

Button

Description

Stand

Select Stand
Cell Data

Landscape

Wildfire
Models

Modify Grid
Values

Conversion

Projects and
Files

ArcFuels
Help

Set up options for FVS/FFE-FVS. Includes applying fuel treatment
prescriptions, treatment analysis, and treatment comparison tools.
External linkage to open SVS.

Toggle button to select individual stands within the landscape to
run FVS/FFE-FVS.

Toggle button to quickly view values associated with the FARSITE
grid sandwich.

Multiple functions: (1) apply prescriptions to the landscape, (2) set
up and running of FVS/FFE-FVS, as well a treatment analysis, and
carbon offset calculations at the landscape scale, (3) create landscape
files from FVS data, grid data, or multiple sources, and (4) external
linkage to the Landscape Treatment Designer (LTD).

External linkage to open select fire behavior models. Internally coded
version of BehavePlus ("Behave Calculator") for quick stand-level
comparisons of fire behavior.

Tool that allows for modification of grid values across the

whole landscape or for user-defined portions.

Single and batch conversion of point data to shapefiles and ASCII
files to grids, and direct export of polygon attributes to Excel.

Location of linkage information between ArcFuels linked programs,
GIS layers, GIS layers and FVS databases, and input and output
data folders.

ArcFuels version information.

Source: Adapted from table 3 in Ager et al. (2011).
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The Stand and Select
Stand buttons are
used in tandem to run
FVS/FFE-FVS stand-
level functionality in
ArcFuels.

20

Stand and Select Stand

The Stand and Select Stand buttons are used in tandem to run FVS/FFE-FVS
stand-level functionality in ArcFuels. The Stand button has a drop-down list with
three options, Set Stand Options, View FVS 1/O, and SVS (fig. 3-2). The Set
Stand Options form is where FVS options are set up. With this you can set the

number of cycles to run, apply prescriptions, fine-tune prescriptions, and compare
prescriptions for individual stands. The View FVS 1/O form links to the FVS out
file, FVS key file and Excel spreadsheet (if created) for the most recent FVS run.
The SVS option opens the Stand Visualization System program.

Set Stand Options—

The Set Stand Options form has four tabs that are
used to set up and run FVS.

J Stand "| ™ Select Skand

The Point&Click Options tab (fig. 3-3) is where Set Stand Options

FVS outputs are selected. ArcFuels is unique in

Wigw FYS IjiD

that you can simultaneously run FVS, create and Sys
open SVS files, and export the FVS data to an
Excel workbook with graphs of key attributes.
The ability to write NEXUS output files for fire

behavior modeling outside of ArcFuels in another

Figure 3-2—Stand and Select
Stand buttons on the ArcFuels
toolbar. These buttons are used
together to do much of the
stand-level forest growth, fuel
treatment prescription testing,
and fire behavior modeling
within ArcFuels.

option. Finally, an insect risk report can be cre-
ated when coupled with the insectrisks.kcp sup-
plied in the C:\arcfuels\programs\kcp folder.
The FVS Options tab (fig. 3-4) is where the number of cycles and time
steps for FVS runs and the fuel model set(s) that FVS/FFE-FVS will use are
specified. Treatment prescriptions can be selected by choosing KCP files

or using fields in the database that have the KCP files listed. Other hard-
wired options include the generation of a cut list, the ability to pause the
FVS run at the end for debugging, and the option to override the FEE-FVS
fuel model selections with others in the input database. The FVS Keyword
Guide (Van Dyck and Smith-Mateja 2000) can also be opened with the
View Keyword Guide button on the form to aid in KCP development.

The Treatment Analysis tab (fig. 3-5) allows a single parameter to be
varied within a KCP to test the effects on modeled outputs such as stand
structure or fire behavior. This is very useful when trying to determine how
intensely to thin a stand or to see the effects of varying windspeed or fine

dead fuel moisture on projected fire behavior.
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Stand-Select Mode Options x|

Paint&Click Cptions IF'-.-'S Options | Treatment Analysis | Compare Treatments |

Specify the action{s) to be kaken when a stand is selected by pointing and clicking on the map.

FYS Qukputs to Produce /Display

[ Wiew Outputs in SYS
[ Generate Spreadshest ™ Generate Nexus Inputs

[~ Generate Spreadshest Graphs Edit Default Inputs
[ open Spreadshest
™| Generate SiS Fuels Repatk

[ Insect Risk Report

Close |

Figure 3-3—The Point&Click Options tab of the Stand-Select Mode Options form is used to select
outputs when running FVS through ArcFuels.

Stand-Select Mode Options x|

PointClick Options  F¥S Options ITreatment Analysis I Compare Treatments |

Input Database I

Cyiles I Years per cvcle I Fuel model set a3 T

— Prescripkion
Add/Change Files | addiChange Fields |
Wigw Kesword
Guide
[~ Gemerate cut lists [ Pause the Batch File for Fys Debug

[~ owerride FFE Fuel Model Seleckion

Close |

Figure3-4—The FVS Options tab of the Stand-Select Mode Options form is where options for the
stand level FVS runs are specified.
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Stand-Select Mode Options |

PointeClick Opkions | FyS Options ~ Treatment Analysis ICDmpare Treatmenks |

[~ ‘pun F¥S multiple times whils varying a single treatment parameter §

Specify treatment File(s) on the FYS Options tab, then seleck one file here
| =l

Select the line containing the wariable to be analvzed

| [

Keyword 0 C " T T T T Tt Parameters - - - - - - - - - -
1 2 3 4 5 G 7
Yariable Parameter Minirmum Yalue Maxirnumm Yalue Step Amount

| N || | |
Close |

Figure 3-5—The Treatment Analysis tab of the Stand-Select Mode Options form is used to test
the affect of varying a single prescription parameter at a time on modeled forest structure and fire
behavior and effects.

* The Compare Treatments tab (fig. 3-6) allows for direct comparison of two
treatment alternatives. When this tab is used, comparison graphs are created

within the Excel workbook when the create graphs option is turned on.
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Stand-Select Mode Dptions x|

Paink&Click Sptions | FYS Opkions | Treatment Analysis  Compare Treatments I

™ Run FYS with bwo different treatment scenarios and compare the results

Input Database I

Cycles I Years per cycle I

Treatment Prescription & Treatment Prescription B

&ddfChange Files

Close |

Figure 3-6—The Compare Treatments tab of the Stand-Select Mode Options form is used to
compare two treatment alternatives.

View FVS 1/0—

The View FVS 1/O (fig. 3-7) form is used to quickly reopen and review FVS files
from the latest run, as well as open the outputs folder. The FVS outfile (*.out) is a
text file containing all the outputs from an FVS run. The FVS key file (*.key) is a
keyword record file that FVS reads to complete a run and includes information on
the location of the stand and tree data, specifics on run duration, and prescriptions
applied. The FVS spreadsheet (*.xls) contains the same information as the FVS
outfile in tabular form. The File Explorer button opens the ArcFuels outputs folder.
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Fsautputs x|

Cpen FYS Outfile

Dpen FYS Key File

!
!
Open FYS Spreadsheet I
!

File Explarer

Close |

Figure 3-7—The FVS Outputs form quickly opens files associated with
the latest FVS run.

SVS—
The SVS option in the Stand drop-down list opens the Stand Visualization System
program. Once it is open, you will need to navigate to an SVS file previously created.

Select Stand—
The Select Stand button is a toggle button much like the information button in Arc-
Map and is used to run FVS for the stand selected. It can be turned off by selecting

another button in ArcMap such as Select Features or Select Elements.
The Cell Data button

will show the values Cell Data

The Cell Data button is used much x|

like the Identify button in ArcMap.
It will show the values of the eight

of the eight layers that
make up the FlamMap
“grid sandwich” (or

Landscape file, LCP) Landscape Data

layers that make up the FlamMap — T
“grid sandwich” (or landscape Slope: e,
. Aspeck: 45

file, LCP) when the grid layers are Fuel Madel: 165

; H Canopy: 55
loaded into ArcMap and 1-1nked Height, e
through the Manage Projects form CEH: 5
(fig. 3-8). For information about “BD: @

LCPs, see the Introduction to Mod-

eling Fire Behavior in FlamMap3 Figure 3-8—The Cell Data form displays the values

section. The Cell Data button can for the eight grid layers added to ArcMap and assigned
in the Project Manager form. Canopy is canopy cover,
Height is canopy height, CBH is canopy base height,
button in ArcMap such as Select and CBD is canopy bulk density.

be turned off by selecting another

Features or Select Elements.
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Landscape

The Landscape button has five associated
Landscape

options (fig. 3-9). The Assign Prescriptions to
. A=zsign Prescripkions to Landscape
Landscape form allows the user to assign and
o . Simulate Landscape Treatments
store KCP prescriptions to stands for use with

the Simulate Landscape Treatments form.
The Simulate Landscape Treatments form

Build FlamMap Landscape
MM Eo LEP Process
LTD

is where a user can run FVS/FFE-FVS for a

land ArcFuels h . £ Figure 3-9—Landscape button with
andscape. Arctuels has a compact intertace the associated drop-down list from the
to FVS/FFE-FVS that can be used to run the ArcFuels toolbar.

models in a spatial context by linking FVS data to a stand polygon layer in ArcMap.

With the Build FlamMap Landscape and GNN to LCP Process forms, LCPs can
be built from a number of data sources including FVS databases, grid data such
as LANDFIRE, Gradient Nearest Neighbor (GNN) (Ohmann and Gregory 2002)
data, or multiple-grid data sets. Finally, the Landscape Treatment Designer (LTD)
program (Ager et al. 2012) is used to design fuel treatment plans using an attributed
stand shapefile. Attributes from FVS/FFE-FVS are often used to populate the stand
shapefile for LTD.

The user is assumed to have some familiarity with FVS/FFE-FVS and Flam-
Map before proceeding with the exercises in this section. If not, please review
the Introduction to the Forest Vegetation Simulator (FVS) and Introduction to
Modeling Fire Behavior in FlamMap3 sections.

Assign Prescriptions to Landscape—

The Assign Prescriptions to Landscape form (fig. 3-10) allows the user to assign

FVS/FFE-FVS KCP prescriptions to stands and store them in the FVS database for

use with the Simulate Landscape Treatments form to run FVS.

There are three methods for assigning prescriptions to stands:

* Method A: By selecting individual stands using the Select Stand tool.

» Method B: By selecting groups of stands using ArcMap (also known as
ArcSelected stands).

* Method C: Using an integer grid consisting of only Os and s, where 1 indi-

cates the need for a treatment and 0 is no-treatment needed.

The Landscape
button has options
for assigning FVS/
FFE-FVS prescription
across the landscape,
running FVS/FFE-FVS
for the landscape,
building LCPs, and
running the Landscape
Treatment Designer
program.
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Landscape Treatment Design ﬂ

Assign Prescriptions I

Create one or mare treatment scenarios by assigning treatments to skands, Select a scenario Figld in the stand
database, a KCP file, and use one of the assignment methods to populate the database

Target Scenario field name I | j Clear &l KCPs From Scenatio

KCP filename to be assigned I ﬂ

— Prescription Assignment Method

Method A
[ Assign Prescriptions using Point&Click {this overrides any other Pointe:Click settings)

Method B:

Assign R ko all Arc Selected Stands |

Method C; Select stands based on a grid layver where 1 = treat and 0 = nok kreat,
Each stand is selected or not based on the percentage of pixels marked Treat (1),

TOM Grid Layer | |

Threshold: treat skand if at least 50 % of pixels are marked Treat (1),

Assign Rx Using TOM Oukput Grid |

Close |

Figure 3-10—Assign Prescriptions tab of Landscape Treatment Design form.

ArcFuels stores stand prescriptions in the stands data table within the Mt_
Emily Database.mdb (fig. 3-11). Preexisting fields are supplied with the demonstra-
tion data, but more can be added. Records are populated with the name of the KCP
for each stand using the Assign Prescriptions to Landscape tools. When running
FVS/FFE-FVS at the stand or landscape level, ArcFuels can use these populated
prescriptions. If you want to add your own prescription columns to the stands table,
the new columns need to be the same format to work. Also, new column names

cannot contain spaces or special characters other than an underscore.
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£ stands
Stand_ID ~ | Stand ID_NUM ~ |Altl Combo -
588 588
589 589
590 590 Combo.kcp
591 591 Combo.kcp
592 592
593 593 Combo.kcp
594 594
5395 595 Combo.kcp
; 596 596 Combo.kcp
e | e 597 597 Combo.kep

Figure 3-11—Linkage between individual stands and the FVS database.

Simulate Landscape Treatments—

The Simulate Landscape Treatments form has four tabs, all related to running

FVS for a single stand to an entire landscape.

* The Run FVS tab offers a compact FVS interface with many options (fig.
3-12). You can run a single stand, a set number of stands, ArcMap selected
stands, only stands with prescriptions, or all the stands. Prescriptions can
be applied to all stands or to select stands by linking to the prescription
field in the input database (see the Assign Prescriptions to Landscape
section to learn how). The number of FVS cycles and years is set with this
form. In addition to the ability to write and use KCPs, some helpful FFE-
FVS/FVS functions are included: fuel model selection, carbon reports,
turning off the FFE-FVS reports, including a West-wide insect KCP, and
generating a cutlist.

» Advanced users can also run the Parallel Processing Extension (PPE) to
FVS through this tab. Running PPE is not covered in this guide. More
information about the program can be found on the FVS Web site and
within the User’s Guide to the Parallel Processing Extension of the
Prognosis Model (Crookston and Stage 1991) which can be found in the
optional docs download (C:/arcfuels/docs).

* The Treatment Analysis tab (fig. 3-13) has four methods for analyzing
treatment effects on stand characteristics and modeled fire behavior and
effects.
= Method 1 is similar to the Treatment Analysis tab in the Stand tool,

where a single parameter within the prescription file is varied in a step-

wise fashion.
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Simulate Landscape Treatments

Run FY¥5 ITreatment Analysis I Compare Treakments I Join FYS Qukputs ko Polygons I

Input Database I |
Stand Table | =] Standm | -]

Cutput Database I |
SCenario name I ke file I ey Ot File Lok

— Stand Selection ———— Prescription Source

" Run all stands Add)Change Files Add/Change Fields |

" Run ArcMap Selected Stands

& Run firsk I stands

£~ Run stands with prescriptions

" Run single skand: I

— Dptions; Outputs

Cycles I PPE Treatment Priority Yariable I e — |
Years per cycle I PRE Treaktment Proportion I
Rumn PPE |

Fuel model set I 53 VI [ Suppress FFE Reparts

I Include westwide kep I™ Carbon Report Scan for Errors |

; f [ owverride FFE Fuel Model - pretreat
[~ Add Pause in Eatch File Multiple PRE Runs |
e e [ owverride FFE Fuel Model - post cut

™ Minimize FYS Window [ owverride FFE Fuel Model - post fire
™ overwrite DB [ Generate cutlisks For vear I
Scenario Index I
Skatus: I

Close |

Figure 3-12—Run FVS tab of the Simulate Landscape Treatments form.

» Method 2 substitutes a single-value-based prescription with “<_>”
inside a command indicating the value to be altered. The minimum and
maximum values and the step amount are specified by the user. See the
flameadjust.kcp for an example.

» Method 3 and Method 4 are primarily used in the research field of
quantitative wildfire risk and are not demonstrated in the User Guide
and Tutorial.
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Simulate Landscape Treatments x|

Run Fy5 Treatment Analysis I Compare Treatments I Join FYS Oukputs ta Palygons I

Specify treatment file(s) on the Run FYS tab, then select one file here

| I

{* Method 1: Yary a single parameter

Select the line containing the wariable to be analyzed

| =

Kevinord s s el Parameters - - - - - - - - - -
1 2 3 4 [ G 7
Yatiable Parameter Minimurn Yalue Maxirmurn Yalue Skep Amournt

[+ =] [ [ [
™ method 2: Substitute a single walue in multiple places indicated by <_= in the selected kep file

Timirmurm Yalue I Maximum Yalue I Step Amaunt I

" Method 3: Loss Function runs with warying flame length {plus a no-fire rum)

Mumber of fire length categories I (in addition to no-Fire base case)

" Method 4! FRA specific (incuding a no-fire rum)

Ensure that all settings on both the Run FiS tab and this tab are correct. Then press one of the
buttons below b run FYS or PPE multiple times while varving a single treatment parameter.

[ create single KeyFile and do nat run (FYS anly)

Fun FYS &nalysis Fun PPE &nalysis

Figure 3-13—Treatment Analysis tab within the Simulate Landscape Treatments form.

» The Compare Treatments tab (fig. 3-14) calculates the carbon offset (tons)
between two landscapes (typically an untreated and treated) for a given
year. The calculations subtract Scenario A from Scenario B (i.e., treated —
untreated). For this to work, the Carbon Reports option must be selected on
the Run FVS tab for both scenarios.

» Carbon offset from change in emissions is the difference in carbon
emissions (defined as the carbon released from fire and the non-
merchantable carbon removed (tons) via treatment) between the

two scenarios.
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Simulate Landscape Treatments

Run F¥S | Treatment Anakysis  Compare Treatments IJu:uin FYS Cutputs ko Polygons |

Database A is the baseline or "no-treat” scenario, Database B is the comparison ar "treat” scenario,

Cukput Dakabase A I

Output Dakabase B I

‘ear of interest I

Calculate Carbon Offset |

Carbon offset from change in emissions I
Carbon offset From change in skack I

Tokal carbon offset I

Close |

Figure 3-14—Compare Treatments tab within the Simulate Landscape Treatments form.

» Carbon offset from change in stock is the difference in total stand
carbon (live and dead overstory, understory, surface fuels, and below-
ground roots) including merchantable carbon stored (tons) between the
two scenarios.

» Total carbon offset is the Carbon offset from change in stock minus the
Carbon offset from change in emissions.

For more information about the carbon submodel to FVS, see the FFE-FVS

guide (Rebain 2010) supplied in the optional docs download (C:\arcfuels\docs).

The Join FVS Outputs to Polygons tab (fig. 3-15) joins FVS/FFE-FVS
outputs from any table in the FVS output database for a given year to the
stand polygon layer.
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Simulate Landscape Treatments x|

Run FYS I Treatment &nalysis I Compare Treatmenks  Join F¥S Cutputs to Polygons I

F%S Oukput Database I |

Table ko Join Fram FWS autput DB I ﬂ

Year ba Jain I X I

Do Jain |

Remave Jains |

Close |

Figure 3-15—Join FVS Outputs to Polygons tab within the Simulate Landscape Treatments form.

Build FlamMap Landscape—

Running FlamMap or FARSITE, two commonly used fire behavior modeling
programs, requires an LCP. An LCPs is a binary file containing a compilation or
“sandwich” of ASCII data, including slope, elevation, aspect, surface fuel model,
canopy height, canopy cover, canopy bulk density, and canopy base height. In addi-
tion to building LCPs from a variety of data sources, ArcFuels also has the ability
to reduce the analysis area based on another grid or coordinates, quickly apply
treatments, and export the ASCIIs and grids. The Build FlamMap Landscape
form has three options for building LCPs specific to the input data available.
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» The Using FVS Database tab (fig. 3-16) couples the ArcGIS grids for
topography (elevation, slope, and aspect) with an FVS/FFE-FVS output
database using a stand identification grid to spatially apply the FVS out-
puts. Treatments can be applied by using a second FVS/FFE-FVS output
database containing only treated stands. The values associated with the
treated stands replace the untreated values. If the FFE-FVS fuel model
selection is not desired, an ArcGIS grid layer can be used instead.

Build LCP

Using FY5 Database | Using ArciaIS Grid Data | Using Multiple Sources |

ArciaIs Grid Layers Latitude I

Elewation ]
The output boundaries are based on:
Slope hd
Aspect hd {+ Grid Layer I j
J  UTM Coordinates
-

StandIDGrid | O I .
5

FY%S Qutput Database I |

Output Table | .[ F¥S Qutput: Fields [~ Use ArcGls Grid Layer
Fuel Madel &
Stand ID Field I 'l I J

Canopy Cover

Canopy Height

Canopy Base Height

KN EN KN KN (K]

Canopy Bulk Density

Treated Stands Database I

Bl [

LCP Cutput File |

Build LCP | Create Arc Grids |

Close |

Figure 3-16—Using FVS Database tab within the Build FlamMap Landscape form.

*  The Using ArcGIS Grid Data tab (fig. 3-17) builds LCP files from ArcGIS
grids. This eliminates the need to export the grids as ASCII files, which
is required for creating LCPs in FlamMap and FARSITE. Treatments can
also be rapidly applied using a treatment adjustments database coupled with

grids indicating location and type of treatment.
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x

Using F¥S Database  Using ArcGIS Grid Data | Lsing Multiple Sources |

ArcGIS Grid Layers Urits The output boundaries are based on:
Elewvakinn jl meters >l gid Laver I j
Slape || degress =
jl = | & UTM Coordinates
-

Aspeck I— I
Distance Lnits I meters vl W EI
5 I
Latitude I 45

Iv ‘apply Treatment Adjustments ;

Treatment Type Database

]
Treatment Location Grid > Treatment Adjuskment Table hd
Treatment Type Grid > Treatment Type 1D Field hd

ArcilS Grid Lavers Units Treatment Adjustment. Fields

Fuel Model I <- ]
Canopy Cover || percent >l ox il | | Replace
Canopy Height || meters,*10 w| x| " Replace
Canopy Base Height || meters,*10 =] % x| " Replace
Canopy Bulk Density x| kgim3,*100 = ¥ =] [~ Replace

LCP Output File | |

Build LCP | Create Arc Grids |

Clase |

Figure 3-17—Using ArcGIS Grid Data tab within the Build FlamMap Landscape form.

» The Using Multiple Sources tab (fig. 3-18) allows the user to mix and
match grids from varying data sources (LANDFIRE and FVS) or mosaic
together multiple grids of different spatial extent into one seamless layer for
any given data set needed to create an LCP. It is even possible for the grids
to have different units, but they must be the same resolution, and projection,

and be snapped.

33



GENERAL TECHNICAL REPORT PNW-GTR-877

34

1I

Using FYS Database | Lsing ArcGIS Grid Data  Using Multiple Sources I

Elev.ation

Slope

fAspect

Fuel Model

Canopy Cover

Canopy Height

Canopy Base Height I

0 e = |

Canopy Bulk Density I

The output boundaries are based on:
@ Grid Layer I j
Latituds l?  UTM Coordinates l—
W I E I
I—

5

LCP Output File

BuldLCP ¢ Create Arc Grids |

Clase |

Figure 3-18—Using Multiple Sources tab within the Build FlamMap Landscape form.

GNN to LCP Process—

The GNN to LCP Process form (figs. 3-19 and 3-20) is another option for building
the LCP file; with this option, GNN data are used. The GNN data are 30 m by 30 m
grid data that link to FVS data, much like the link between FVS and stand polygon
data. GNN data are available only in the Pacific Northwest and the northern extent
of California (Klamath National Forest). This process is broken into two steps; part
one runs FVS for the GNN data, and part two builds the LCP. Because the dem-
onstration data does not include GNN data this process will be explained but no
exercises are included.

The Part 1 FVS Settings tab (fig. 3-19) is where the settings for an FVS run
are defined. The input data include a polygon layer version of the GNN grid with an
attribute that links to the FVS database (i.e., StandID), and an FVS input database
that coincides with the GNN data. A prescription database may also be used that
includes a field with assigned prescriptions (this may be the same database as the
FVS input data). The number of cycles, years per cycle, and fuel model set are also
defined with this form.
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GNN To LCP I |

Part 1 Fy5 Settings I Part 2 LCP Settings I

GMM Palygon Laver I j Palygon ID I 'l Stand ID I 'l
Mew Stand 1D column I

Fi5 Input Database I |
Stard Table | = st | -

Prescription Database I

Prescription Table I j Palygon ID Fieldl 'I KCP Field I 'I
SCEnario name I

Cycles I
‘fears per cycle I

Fuel model set 53 =

FW3 Cutput Database I Cilarcfuslshoutputsinotreat. mdb |

Part 1 FYS Only |

Close |

Figure 3-19—Part 1 FVS Settings tab of the GNN to LCP Process form.

GNN To LCP | x|

Part 1 F¥5 Settings  Part 2 LCF Settings |

Mame of new Stand ID Grid I
GMNM Polygon Layer I j Mew Stand ID I 'l

Arcials Grid Layers

The output boundaries are based on:
" Grid Laver I j
& UTM Coordinates 1y I
WI E I
Latitude I 2 I

Elervation Lawver

Slope Laver

Ledl« ]l

Aspect Laver

F43 Oukput Database |

LCP Qubput File | —l

GMM ko LCP |

Close |

Figure 3-20—Part 2 LCP Settings tab of the GNN to LCP Process form.
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The Part 2 LCP Settings tab (fig. 3-20) uses the GNN polygon layer and FVS
output database created in Part 1 FVS Settings in addition to elevation, slope, and
aspect grids to build the LCP.

Landscape Treatment Designer (LTD)—

The LTD form (fig. 3-21) is available when the LTD program (Ager et al. 2012) is
downloaded and linked via the Manage Projects form, which is described under
the Project section of this document. The LTD program is a multicriteria spatial
prioritization and optimization system to help design and explore landscape fuel
treatment scenarios. The program fills a gap between fire model programs such as
FlamMap, and planning systems such as ArcFuels, in the fuel treatment planning
process. The LTD uses inputs on spatial treatment objectives, activity constraints,
and treatment thresholds, then identifies optimal fuel treatment locations with
respect to input parameters. The input data represent polygons that are attributed
with information about expected fire behavior and the polygon’s overall contribu-
tion to one or more landscape management objectives. Four types of output files are
generated with each run: (1) a text file with all the input data with treatment loca-
tions indicated, (2) a summary text file of input parameters and output results, (3) a
results comma separated file with the input parameters and output results,

T e
Input Shapefile: I I View Field Info |
Dutputs Base Mame: I |
—Mandatory Field Mappings —Options
StandID: I j Objective Direction: lm
¥ Coordinate: I j V¥ aogregate Treatment Efficiency: | 1.00 j:
¥ Coordinate: I j Objective Sort Order: |1 - Ascending vl
[ check Availability
[~ Objective Function Ayailabilicy: Figld: I j
Field Name Weight Type | [™ Conditional Ghjective - Increase only an Treak

™ Enable Iteration
(7] Step Trestments and Constraints
= Repeat Unkl &ll Treated
! Repeat with Treatment Longewity

Treat Duration Feld: I ﬂ

Add Objective | Delete Ohbjective | e Ieeratisnss - f 100 =
™ Disable Shapefile Cutpue

~ Treatment Threshaolds - Treat Stands that meet these conditions

—Constraints - Treat until following constraints are met
Field Name | Operator ¥alue | Field Name Min ¥alue | Max ¥alue |
Add Threshold Delete Threshald Add Constraint Delete Constraint
Run | Close |

Figure 3-21—The Landscape Treatment Designer (LTD) interface.
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and (4) a shapefile with an attribute table that identifies patch locations and stands

selected for treatments. For more detailed information about the LTD, refer to Ager

et al. (2012).

Wildfire Models

ArcFuels creates links to select fire behavior models

| wildfire Models =

Behave Calculakaor

(NEXUS, FARSITE, FlamMap, Behave, and FOFEM) and s

opens the programs for use outside of ArcFuels (fig. 3-22). Farsite

In addition to linking to external programs, ArcFuels also FlamMap

has the Behave Calculator, which runs through ArcFuels. Behave
The location of the models’ executables are set using FOFEM

the Programs tab in the Project Manager form, which Figure 3-22—Wildfire
is described in the Setting up ArcFuels with Mt. Emily ~ Models button with the

associated drop-down list

Demonstration Data section at the beginning of the USer .o the ArcFuels toolbar.

Guide and Tutorial.

Behave Calculator—

The Behave Calculator (fig. 3-23) is hardwired into ArcFuels and uses the same
equations as the SURFACE module in Behave Plus. The Behave Calculator can
be used to quickly assess changes to modeled surface fire rate of spread and flame

length from changes to fuel model, slope, fuel moisture, and/or windspeed inputs.

Behave Calculator

Fuel Model I

Slope percent I % (0-100)

Enter Fuel moistures and wind speed below,

1 hr moisture I | % (1-60)
10 hr maisture I % (1-60)
100 bt moisture I % (1-60)
Herbaceous I %= (30-300)
wWaady | o (30-300)
MidFlame wind speed I mph (0-33)

Run Behave Calculations |

Rate of Spread

Flame Length

|— chyihe
I— ft,

Close |

X

Figure 3-23—Behave Calculator form.

ArcFuels creates
links to select fire
behavior models
(NEXUS, FARSITE,
FlamMap, Behave, and
FOFEM) and opens
the programs for use
outside of ArcFuels.
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With ArcFuels,
complex grid value
replacements are
easily made on the
individual grid layers,
rather than on the
landscape file, to
update grids to reflect
recent management
activities, recent

wildfires, etc.
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Modify Grid Values

After critiquing data for accuracy (informally, on-the-ground, using the Stratton
(2009) methodology, or otherwise), it is most likely that some modifications will be
required to reflect local knowledge of fuel models and fire behavior, recent manage-
ment activities, recent wildfires, etc. It is important to document changes, as well as
make changes incrementally, to make it easier to see the effect of the changes and
backtrack, if necessary. Realize, however, that when modeling landscape-level fire
behavior, there will be some error in the data.

With ArcFuels, complex grid value replacements are easily made on the indi-
vidual grid layers, rather than on the landscape file. Tools such as the FARSITE
landscape calculator and the WFDSS landscape editor are available to make
changes on the landscape file, but are generally limited to simple changes
(Stratton 2009).

Within ArcFuels the Modify Grid Values form (fig. 3-24) is available to update
or correct grid data. When the tool is used, both a projected grid file and an ASCII
file are created. The changes can be made to either floating point or integer data.
Options for changing data include:

*  Which pixels to apply the changes to spatially
= Apply to all pixels: global change all pixels, or
= Apply to selected pixels: change some pixels based on another
grid layer.
»  The extent of the output data
= The same as the input data—default option,
*  The same as another grid layer—smaller extent, or

*  Manually restricted—using UTM coordinates of a smaller extent.

This function pairs extremely well with the ArcMap Raster Calculator
(ArcToolbox->»Spatial Analyst=>Raster Calculator). For example, with the Raster
Calculator, you can create new 0/1 grids based on specific criteria (e.g., all burn-
able fuels, slopes > 30 percent, south aspects, etc.) and then use ArcFuels to make
changes within these areas. This eliminates several steps and reduces the number of

files you need to keep track of and organize.
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‘ Data bype of output grid & Integer O Floating point ‘

Replace I with I Add to List > |

 apply to Al pixels

& apply to selected (nonzero) pixels in layer: I j

The output boundaries are based on:

% Grid Layer I j Rernave from List |

 UTM Coordinates 1y I
WI E I
5 I

Target Falder I |
Grid Mame I |

Create Grid |

Close |

Replace ¥alues I x|
Laver o Madify I j Yalues to Modify  Replace  with

Figure 3-24—Modify Grid Values form.

Conversion

The Conversion button has five associated options (fig. 3-25). The Convert Ascii
to Grid and Batch Convert Ascii to Grid converts ASCII files into grids, and
the Convert XY Text to Shapefile and
Batch Convert XY Text to Shapefile

Conversion ™

Conyert scii ko Grid

Batch Convert Ascii bo Grid

converts XY text files into shapefiles. The
conversion can be done for a single file or
for multiple files at once (batch). The files
are also projected and mapped in the same

Conwvert XY Text to Shapefile
Batch Convert $% Text ko Shapefile
Copy Atkributes ko Spreadsheet

process. Additionally, it is possible to copy

the attributes of a polygon layer directly Figure 3-25—Conversion button with
. ; the associated drop-down list from the
into an Excel spreadsheet using the Copy ArcFuels toolbar.

Attributes to Spreadsheet form.

The conversion of ASCII files to grids allows for post-processing and analysis
of fire modeled outputs created in FlamMap. The conversion of XY text files can
be used to import data with X and Y coordinates information, such as fire ignition

location, plot location data, etc.

The conversion forms

are used to efficiently

post-process simulated

wildfire behavior
outputs for further

analysis in ArcMap.
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Convert Ascii to Grid—

The Convert Ascii Grid File form (fig. 3-26) combines two ArcGIS processing
steps into one. It converts an integer or floating point ASCII file into a grid, and it
defines the spatial reference at the same time. The user has the option of where to
output the grid file and what to name it. Being able to name the grid file is helpful
when the ASCII name exceeds the 13-character grid name limit. Finally, the user
has the option of adding the grid file to ArcMap.

Conwvert Ascii Grid File i x|
Asci Grid File | |

Targek Folder I

arid Mare I

Datatype  © Inkeger € Floaking poink

Spatial Reference I ﬂ
¥ add Grid to Map

QI Cancel |

Figure 3-26—Convert Ascii Grid File form used to convert a single file at a time.

Batch Convert Ascii to Grid—

The batch Convert Ascii Grid Files form (fig. 3-27) combines many ArcGIS
processing steps into one. It converts integer or floating point ASCII files into grids
and it defines the spatial reference at the same time. Typically this would need to be
completed separately for each ASCII file in ArcMap. In addition, the user has the
option of adding the grid files to ArcMap.
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Convert Ascii Grid Files x|

Yo can convert several ascii grid Files in a single Folder at the same
kime. Start by clicking the button ko select one of the files ko be
converted, Then select additional files by double-clicking in the list on
the left below, Files to be converted appear on the right.

Select firsk file. ..

Folder containing the asci grid Files

Select additional files ko be
converted by double-clicking
in the list below arid ascii files ko be converted

Remaove File |

Datatype ™ Integer ¢ Floating point

Spatial Reference j
W add Grid ko Map

Convert Files Close |

Figure 3-27—Convert Ascii Grid Files form used to convert multiple files
at once.
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Convert XY Text to Shapefile—

The Convert XY File form (fig. 3-28) combines two ArcGIS processing steps into
one. It converts an XY text file into an events file, then exports it as a shapefile with
defined spatial reference. The X-coordinate and Y-coordinate field names can be the
default XPos, YPos, X,Y, or anything else using the Other option. Finally, the user
has the option of adding the shapefile to ArcMap.

Convert XY File x|
X Text File | | |

¥ and ¥ column names % ¥Pas, YPos - " Other: I I

)

Spatial Reference ﬂ

Iv add shape File ko Map

O, Cancel

Figure 3-28—Convert XY File form used to convert a single file at a time.

Batch Convert XY Text to Shapefiles—

The batch Convert XY Text to Shapefiles form (fig. 3-29) combines many ArcGIS
processing steps into one. It converts multiple XY text files into events files, then
exports them as shapefiles with defined spatial reference. The X-coordinate and
Y-coordinate field names can be the default XPos, YPos, X, Y, or anything else
using the Other option. There is also an option for batch exporting FSim (Finney

et al. 2011) fire size list files, which are used for quantitative risk assessments with
Fire Program Analysis (FPA) data. See FPA (http:/www.fpa.nifc.gov/) for more
information about the FSim program and outputs. Finally, the user has the option of
adding the shapefile to ArcMap.
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Convert X¥ Text to Shape Files x|

You can convert several XY text files in a single folder at the same
kime. Start by clicking the button ko select one of the files ko be
converted, Then select additional files by double-clicking in the list on
the left below, Files to be converted appear on the right.

Select firsk file. ..

Folder containing the &Y text files

Select additional files ko be
converted by double-clicking
in the list below #% bext Files ko be converted

Remoyve File

# and % column names
¥ ¥pos, ¥Pos M, ¥ ™ Other: |

™ FSim FireSizeList with no headers, 9 columns

Spatial Reference ﬂ
¥ add Shape File ko Map

Convert Files | Close |

Figure 3-29—Convert XY Text to Shapefiles form used to convert multiple
files at once.

Copy Attributes to Spreadsheet—
The Copy Attributes to Spreadsheet form (fig. 3-30) does just what it says; it copies
the attributes table from a shapefile into Excel and opens the workbook.

43



GENERAL TECHNICAL REPORT PNW-GTR-877

The Project and Files
forms are used to link
all the programs and
data necessary for an
ArcFuels project.
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Attributes to Spreadsheet i x|

Feature Layer I ﬂ

Spreadsheet I oo |

(n] 4 Zancel

Figure 3-30—Copy Attributes to Spreadsheet form.

Projects and Files Projects and Files =

The Projects and Files button houses three different
forms, Manage Projects, File Explorer, and File
Janitor (fig. 3-31).

Manage Projects

File Explorer

File Janikar

Manage Projects—
ArcFuels is a library of ArcGIS macros developed to

Figure 3-31—Project
and Files button and
drop-down list from the
ArcFuels toolbar.

streamline fire behavior modeling and spatial analyses for
fuel treatment planning. The macros link (1) key wildfire
behavior models, (2) fuels and vegetation data, (3) Microsoft Office, and (4) Arc-
GIS. The Manage Projects form is used to link all of these together. For a descrip-
tion of the setup process, see the Getting Started section at the beginning of the
User Guide and Tutorial.

File Explorer—
This is a direct link to the outputs folder. The default location is C:\arcfuels\outputs,
but this can be changed with Manage Projects.

File Janitor—
The File Janitor deletes the content of the outputs folder (fig. 3-32); use with caution!

5

‘:‘E) Are wou sure you wank ko permanently delete all of the files and sub-Folders in the Folder C:harcfuelstoutputs)?

Figure 3-32—Warning window to double-check that you want to delete all the files in the ArcFuels
outputs folder.
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ArcFuels Help
The ArcFuels Help button (fig. 3-33) About ArcFuels

option opens a new window

Fi 3-33—The Arc- . i 8
igure eArc with the version date (fig. =

Fuels Help button with
the drop-down list from 3_34) of the arcfuels9x.mxd. arcFuels Yersion 2012-03-23

the ArcFuels toolbar. .
The program is updated
periodically; please visit http://www.fs.fed.us/

ArcFuels Help =

About ArcFuels

wwetac/arcfuels/ for the most recent version if you Figure 3-34—ArcFuels

are having problems with any ArcFuels functionality. *<"'" date.
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Running individual
stands through FVS/
FFE-FVS is streamlined
in ArcFuels. Many of
fire and fuel treatment
FFE outputs are
automatically created
and output into an
Excel workbook with
values graphed,
making it easy to
evaluate a completed

run.
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Chapter 4

ArcFuels Tool Tutorial

This section will demonstrate the functionality of all the tools within ArcFuels
through exercises using the demonstration data. If you have not set up ArcFuels for
use with the demonstration data, please see the Getting Started section for detailed

instructions.

Stand and Select Stand

Exercises 4-1 through 4-7 will highlight many of the functionalities of the Stand
and Select Stand tools. If you are unfamiliar with FVS, read the Introduction to
the Forest Vegetation Simulator (FVS) section before starting these exercises.

Exercise 4-1: Running FVS and SVS for an untreated stand—
1. Click the Stand button on the ArcFuels toolbar, then select Set Stand
Options from the drop-down list.
2. Select the Point&Click Options tab (fig. 4-1).
a. Select View Outputs in SVS, Generate Spreadsheet, Generate
Spreadsheet Graphs, and Open Spreadsheet options by clicking in the
box to the left of each.

3. Select the FVS Options tab (fig. 4-2).

Stand-Select Mode Options |

PaintClick Cptions IF'-.-'S Jpkions I Treatment Analysis | Compare Treakments |

Specify the action(s) ko be taken when a stand is selected by pointing and clicking on the map.

FYS Qukputs to Produce /Display

IV wiew Cutputs in S¥S
¥ Generate Spreadshest
¥ Generate Spreadshest Graphs

[ Generate Mexus Inpuks

Edit Default Inputs

[T | Generate 545 Fuels Repork

" Insect Risk Report

Close |

Figure 4-1—Set up for the Point&Click Options tab of the Stand-Select Mode Options form.
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Stand-Select Mode Options

Point&Click Options ~ FYS Options ITreatment &nalysis | Compare Treatments |

Input Database | CriarcfuelsidataiMe_Emily_Database.mdb

Cyviles 10l Vears per u:*;.-'u:lel 1 Fuel model set 53 |

— Prescription
add{Change Files | add/Change Fields |
Wi Keyword
auide
™ Generate cut lists ™ Pause the Batch File for F¥S Debug

[ cwerride FFE Fuel Model Selection

Close |

Figure 4-2—FVS Options tab set up of the Stand-Select Mode Options form.

a. Input Database: if the Project Manager is set up correctly, the C:\arc-

fuels\data\Mt_Emily Database.mdb will be selected. If it is blank or
incorrect, go to the Projects and Files = Manage Projects form and

correct the path.
b. Cycles: type “10” in the text box.
c. Years per cycle: type “1” in the text box.
d. Fuel model set: select 53 from the drop-down list.

1. This is used to tell FVS which fuel model set to use: Anderson
1982 (13), Scott and Burgan 2005 (40), or both (53).

. Click Close to close the form to apply and save your inputs for the tabs.
5. Click the Select Stands button on the ArcFuels toolbar.
a. This is a toggle button; once it is pressed, ArcMap responds in the
same manner as using the ArcMap Identify function until the active

function in ArcMap is changed (e.g., the Select or Pan tool).

b. The map image area is now active, and ArcMap will attempt to retrieve
the standid from the mt_emily_stands layer (which spatially links the
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FVS data to individual stands within Mt. Emily) and then run the stand
data through FVS/FFE-FVS.

6. Click on a forested polygon in the stand layer to execute an FVS run (fig.4-3).

WINDOWS system32 cmd.exe

ENTER MAIN OUTPUT FILE NAME <16>:

ENTER TREELIST OUTPUT FILE NAME <@3):

ENTER SUMMARY OUTPUT FILE NAME (@4):

ENTER CHERPOII~CALBSTAT OUTPUT FILE HAME {13):

BM FUS UARIANT — RU:B%2-15-/18

STAND = 794 MANAGEMENT CODE =

SUMMARY STATISTICS ASED ON TOTAL STAND AREAY>

TOTAL TREES TOTAL MERCH
CU FT ~ACRE CU FI BD FT

17521
17289
17377
17463
17549
17635
17719

Figure 4-3—Stand polygon (A) and the FVS run window (B) for stand number 794. The selected
stand is outlined in turquoise; the rest of the visible stands are outlined in black. The Mt. Emily NAIP
image is below the stand polygon layer.

TROUBLESHOOTING: arcMap x|

If FVS does not execute or
. Unable o run Fys:

executes incorrectly, open the Output folder is missing
Project Manager form and

check the directory settings.

A warning window may open

) Figure 4-4—ArcFuels
telling you what folders are not arning window indicating

linked correctly (fig. 4-4). that the outputs folder is
not found.

TROUBLESHOOTING: If ArcFuels opens the FVS.out file, then FVS was

terminated abnormally and there is an error in the run.

7. After FVS finishes, SVS will open.
a. Page through the SVS images for each cycle by clicking the Next but-
ton on the bottom right of the SVS window (fig. 4-5).
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loix

File Edit Display 3SW%3S options Help
ST (2 ar=2000 I bDry condfioe Tod_001 51

Stand=734 Y'ear=2000 |nventary conditions j| Eirst I Ereviuus{ et j Last |

Figure 4-5—SVS image of stand 794 during the first year. To see later years, click Next in the
bottom-right corner.

Close SVS (File=>Exit).

9. An Excel workbook was created and opened (fig. 4-6). The workbook has
multiple spreadsheets, some with graphs of the FVS outputs. For more
information including units for all tables, see the Introduction to the Forest
Vegetation Simulator (FVS) section. Below is a list of possible spread-
sheets within the Excel workbook.

* FVS Cases—information about the stand and the run you completed.
* FVS_ StrClass—stand structure class by stratum.

* FVS PotFire—potential fire behavior, fire effects, and fuel models.

* FVS Fuels—fuel loading and consumption.

*+ FVS Carbon—above and belowground live and dead carbon loading.
* FVS Hrv Carbon—harvest carbon products, energy, and emissions.
* FVS Summary—stand characteristics.

* FVS Compute—canopy characteristics used for fire modeling and
flame length.
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Al B c | b E F G 5

1 |Id CaselD StandID Year Surf Flame Sev Surf Flame Mod Tot Flame Sev
. 1 1794 2000 1.848253965 0.932100356 99.3013916
S 2 1794 2001 1.991892457 1.006443461 97.80485535
4 | 3 1 I'PII'EI-’-I 2002 2.764080286 1.386524081 98.7354126
B 4 1 I'PII'EI-’-I 2003 3.187375063 1.596170733 98.81394196
B o 1 IF?"'El-’-l 2004 3.479261875 1.740938067 98.86265564
7| 6 1 IF}"Eldl 2005 3.377034473 1.789458752 99.39556122
8 7 1 IF}"EI-’-I 2006 3.694571257 1.84780395 99.34832001
3 8 1 IFI"'E!-’-I 2007 3.810925722 1.905577893 98.58922577
1| 9 1:?94 2008 3.917449951 1.958483338' 59.119?052! i
11 |10 1794 2009 4,003257275 2.001107693 98.83261871
= Surf_Flame_5Sev

13

- 4.2 25

15 e — .

16 5'2 sl

17| 25 // 15

g 2 e s smud
19| 15

20, 1! 05

51 05

22 2 : : ' ' : : ST
23 1998 2000 2002 2004 2006 2008 2010 1998 2000
|4 4 » W[ ] FVS_PotFire . Fv5 Fuels .~ FVS Carbon [JIL_

Figure 4-6—Excel spreadsheet showing the potential fire report outputs (FVS_PotFire) from an FVS
run of stand 794, including the autogenerated graphs. The pictured graph shows the predicted surface
fire flame length (ft) under severe weather conditions over time (from 2000 through 2009).

* FVS_ BurnReport—fuel moistures and resulting fire behavior (pro-
duced only when a fire is simulated).

*  FVS Consumption—consumption of all fuel types (produced only
when a fire is simulated).

* FVS_Mortality—mortality by size class and species (produced only
when a fire is simulated).

* InsectRisk—risk value associated with western spruce budworm, fir
engraver, mountain pine beetle, spruce beetle, and Douglas-fir tussock
moth (produced only when the Insect Risk Report is selected on the
Point&Click Options tab).

*  FVS_Treelist—the cutlist for trees removed during silvicultural activi-
ties such as a thin (produced only when a thinning activity is initiated
and the Generate cut lists option is selected on the FVS Options tab).
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* FVS Compare Carbon—a bar chart comparison of carbon pools
before and after treatment and before and after a wildfire with the off-
set as well (produced only when using the Compare Treatments tab).

10. Go to the FVS_Compute spreadsheet in the Excel workbook (you might
have to scroll to the right to see the tab). The CANOPY (canopy cover, per-
centage), FML (fuel model), HTT (stand height, ft), HTLIVE (height to live
crown, ft), CBD (canopy bulk density, kg/m3), and YR (year) columns can
be used to create landscape files required to run FlamMap. This process

will be described later.

TIP: If your SVS window does not display the same as figure 4-5, you can change
the settings in SVS, SVS options = Screen layouts = 0 3-view layout.

T -

rerun a stand and still
IInahble ko run FYS:
have the Excel work- Existing Excel spreadsheet is open,

book open, a warning
window (fig. 4-7) will
open, not allowing

. Figure 4-7—Warning window when
you to proceed until attempting to rerun FVS for a stand
Excel is closed. with Excel spreadsheet open.

Exercise 4-2: Creating NEXUS input files—
This exercise will show you how to create NEXUS input files by using FVS to

process stands. This will work only if you either have NEXUS installed on your ArcEuels can be used
machine and the path is set up correctly in the Project Manager form or you to create input files for
downloaded and unzipped the extra programs folder. NEXUS from EVS/FEE-
For more information about NEXUS, refer to the programs help guide. This exer- FVS runs.

cise will not explain how to run the program.

1. Click the Stand button on the ArcFuels toolbar, then select Set Stand
Options from the drop-down list.

2. Select the Point&Click Options tab (fig. 4-8).
a. Select the Generate NEXUS Inputs option by clicking in the box to the left.
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Stand-Select Mode Options x|
Poink2Click Cptions IF'v'S Options I Treatrnent Analysis I Compare Treatments

Specify the actionis) to be taken when a stand is selected by pointing and clicking on the map.

FW3 Outputs to Produce/Display

I view Qutputs in 5¥S
I Generate Spreadsheet
I Gemerate Spreadsheet Graphs Edit Default Inputs |
I Open Spreadshest

l_ Generate 55 Fuels Report

[ Insect Risk Report

Close |

Figure 4-8—Point&Click Options tab of the Stand-Select Mode
Options form for generating NEXUS outputs.

b. A new form for setting the NEXUS T =

Fuel Model, Canopy Bullk Density, Canopy Base Height, and
Slope come from the selected stand. Other inputs can be set

input parameters will open (fig. 4-9). ere andar modified in Nesaus,

Simulation Type conifer 'l
0.1

c. Simulation Type: select conifer from the

‘Wind reduction Fackor

drop—down hst ROS multiplier

l—
1
Load and Depth multiplier 1
d. Wind I’edUC'[ion faCtOr type “0.17 in the Fireline Intensity multiplier

text box.

1 hr moisture 1-60)

10 hr moisture %o [1-60)

| (
- . | (
e. ROS multiplier: type “1” in the text box. 100 by st |— e
[ = g
[ e

Herbaceous % (30-300)

f. Load and Depth multiplier: type “1” in
the text box.

Wwoody % (30-300)

Avail, Canopy Fuel Load I 1 tonfacre

g. Fireline Intensity multiplier: type “1”in | FolerMosturs Content —
Shrub Transition Flame Length I 1 meters
the teXt bOX. Open Wind Speed I 15 mph {0-99%
wind direction zzsl  (o-38m)

h. 1 hr moisture: type “3” in the text box.

Continue |

i. 10 hr moisture: type “4” in the text box.

. ; . g s Figure 4-9—NEXUS Inputs form,
j- 100 hr moisture: type “6” in the used to set the simulation parameters

text box. for NEXUS runs in addition to the
fuels information created in FFE-FVS
k. Herbaceous: type “30” in the text box.  torun NEXUS.

1. Woody: type “60” in the text box.
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m. Avail. Canopy load: type “1” in the

q.

T.

text box.

Foliar Moisture Content: type “100” in the text box.
Shrub Transition Flame Length: type “1” in the text box.
Open Windspeed: type “15” in the text box.

Wind direction: type “225” in the text box.

Click Continue to close the form.

Select the FVS Options tab (fig. 4-2).

a.

b.
C.

d.

Input Database: the C:\arcfuels\data\Mt_Emily_ Database.mdb will be
autopopulated.

Cycles: type “10” in the text box.
Years per cycle: type “1” in the text box.

Fuel model set: select 53 from the drop-down list.

Click Close to close the form to apply and save your inputs for the tabs.
Click the Select Stands button on the ArcFuels toolbar, if not already

turned on.

Click on a forested polygon in the stand layer to execute an FVS run.

a.

Once FVS has completed, NEXUS will open (fig. 4-10) with the data

from the first simulation year loaded, which is 2000 for this exercise.

All of the NEXUS files are written to the outputs folder for all years run
in FVS (2000 through 2009 for this exercise). They are saved as *.scn
files with a naming convention of stand number year. For example, the
NEXUS input file for stand 794 for 2005 is named 794 2005.scn.

Close NEXUS (File = Exit).
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TROUBLESHOOTING: m x| Figure 4-11—Warning
window when the NEXUS
If you do not have NEXUS path is not defined in the

IUnable ko rum Mexus:

Nexus program is missing Project Manager form or if

it is not on your computer;
which is likely if you did
not download the extra
programs folder.

loaded on your machine, you
will get a warning window
(fig. 4-11) and NEXUS input
files will not be generated.

TROUBLESHOOTING: If you are using the NEXUS executable supplied with
ArcFuels sometimes a run-time error (fig. 4-12) occurs. If you use NEXUS, you
are advised to download the program and install it on your machine, then update
the link within ArcFuels.

hexusts x|

Rur-time error ‘339"

: Component “wsflexdl.ocd' or one of its dependencies nok correctly
reqistered: a file is missing or invalid

Figure 4-12—NEXUS run-time error window.

NOTE: If Generate Spreadsheet, Generate Spreadsheet Graphs, and Open Spread-
sheet were checked, they will automatically become unchecked. It is not possible to
generate both the spreadsheet outputs and NEXUS outputs in a single run.

Exercise 4-3: Running a combination treatment (thinning and prescribed fire)
followed by a wildfire in FVS—

L.

Click the Stand button on the ArcFuels toolbar, then select Set Stand
Options from the drop-down list.

2. Select the Point&Click Options tab (fig. 4-1).

3.

a. Select View Outputs in SVS, Generate Spreadsheet, Generate
Spreadsheet Graphs, and Open Spreadsheet options by clicking in the
box to the left of each.

Select the FVS Options tab (fig. 4-2).
a. Input Database: the C:\arcfuels\data\Mt_Emily_Database.mdb will
be autopopulated.

b. Cycles: type “10” in the text box.

FVS/FFE-FVS
prescriptions (KCPs)
can be run and edited
using ArcFuels
interface for FVS/
FFE-FVS. The output
SVS images and

Excel graphs serve

as visual aids for
understanding the
impact of prescriptions
on forest structure and
potential fire behavior
and effects.
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c. Years per cycle: type “1” in the text box.
d. Fuel model set: select 53 from the drop-down list.
e. Click Add/Change Files.

f.  When the Select KCP Files form opens, click on Combo.kcp in the
Available KCP files box to highlight it (fig. 4-13).

select KCP Files x|

Select kep Files From the lisk on the left, Selected files appear in the list on the
right in the arder they will be applied,

Double-click to edit a file from either lisk,
Wiew Keyword Guide |

Bvvailable KCP Files Selected KCF files

addscenarioVariable. kep -
AMALYZEFlarmelength, ke

ComplexRegen. kop

flameadj. kep

FuelMovez2003. kop

insectrisks KCP
LCP_Trt_Computes kop

pileburn, kep ;I

Select File = = Remove File

K, | Zancel

Figure 4-13—Select KCP Files form.

g. Click the Select File> button to select the KCP file and move it to the
Selected KCP files box. This applies the Combo.kep treatment plan to
all stands selected with the Select Stand button. If you move KCP files
over that you do not want to apply, highlight them and click <Remove

File to remove them.

h. Click OK to close the form. Notice the KCP is now shown in the FVS
Options tab (fig. 4-14).

11. Double-click on Combo.kcp to open the KCP file in a text editor. You might
have to choose Notepad or WordPad as the program to open the file type
the first time you do this. Look at the KCP (fig. 4-15) and note the descrip-
tive text below the commands themselves.

a. The file calls for a species thinning preference, thin from below, fuels

mastication/site removal, underburn, and finally a wildfire. Refer to the
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Stand-Select Mode Options _ x|

Point&Click Options ~ F¥S Options ITreatment analysis | Compare Treaktmenks |
Input Database I CiiarcfuelsidatalMe_Emily_Database.mdb

Cycles 10 Years per u:}.-'u:lel 1 Fuel mode| set 23 &=

— Prescription
. add{Change Files : add/Change Fields |
Cambo,kep
Wigw Kesaword
Guide
[ Generate cut lists [~ Pause the Batch File For FYS Debug

[ owerride FFE Fuel Model Selection

Close |

Figure 4-1

4—FVS Options tab with the Combo.kcp file loaded.

[P\ Combo.kcp - Notepad

=10l x|

File Edit Format Wiew Help

1234 5678001234 5678001234 5678001234 5678001234 5678901 2345678001234 56780901234 567800

“keyword | Field 1 | Field 2 | Field 3 | Field 4 | Field 5 | Field 6 | Field 7 | Field 8 |
B o o ——— o ——— o ——— o ——— o ——— +—m o +
specpref 0 PP -100.

specpref 0 DF -50.

specPref a Wl -20.

ThinBEA 2003 [=]9] 0.25 a. Qoo, a. Qo0,

FMIM

FUELMOWE 2003 4 Q Q .9

FUELMOWE 2003 5 Q Q )

FUELMOWE 2003 3 Q Q ]

MOISTURE 2004 = 10 11 15 125 1350 100
SIMFIRE 2004 =1 3 70

MOISTURE 2007 3 4 a 7 50 an 30
SIMFIRE 2007 20 2 o0

EMD

4] I

Figure 4-15—Combo.kcp file contents. This KCP is thinning the stand and removing activity fuels in
2003, simulating a prescribed burn in 2004, then a wildfire in 2007.

FVS Keyword Guide (Van Dyck and Smith-Mateja 2000) for detailed

information on the keyword options.

The KCP can be edited and saved as the same file or as a new name
at this time but the field position is important. Pay attention when you
save the file—Notepad and WordPad will add a TXT extension if you
save it as a text file and this will cause problems later in FVS. If you
saved the file under a new name you will need to add the .kcp exten-

sion, but if you maintained the same name you are ready to proceed.
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c. Close the KCP file.

12. Click Close to close the Set Stand Options form to apply and save your
inputs for the tabs.
13. Click the Select Stands button on the ArcFuels toolbar, if not already turned on.
14. Click on a forested polygon in the stand layer to execute an FVS run.
15. After FVS finishes, SVS will open.
a. Page through the SVS images for each cycle by clicking the Next
button on the bottom right of the SVS window to see the thin, under-
burn, and wildfire (fig. 4-16).

Figure 4-16—SVS images of stand 794 after thinning (A), during the prescribed burn (B), and during the wildfire (C).

b. Close SVS (File=>Exit).

16. Go to the Excel workbook. Select the FVS_Fuels worksheet. Note how
the treatments affected the total surface fuel load (ton/ac, fig. 4-17). Some
treatment effects are not shown until the next growing cycle in FVS; in this
example that is true for the fuel move, prescribed fire, and wildfire.
a. Leave the Excel workbook open; it will be used in Exercise 4-4.

Surface_Total
el
- /\
A
Thinning \ Prescribed fire
30 \ \L
; \/-\j‘l‘zﬂ_r?
10 f'..
Fuelmove
I:l T T T T T 1
1998 2000 2002 2004 2006 2008 2010

Figure 4-17—Total surface fuel load (ton/ac) as calculated by FFE-FVS
using the Combo.kcp prescription file.

58



ArcFuels User Guide and Tutorial: for Use with ArcGIS 9

Exercise 4-4: Using FVS to create treatment adjustment factors for grid data—
This exercise will build upon the last one. If you did not do Exercise 4-3, please do
it now.

It is possible to create treatment adjustment factors from FVS/ FFE-FVS
simulations to be applied to grid data (i.e., LANDFIRE) at larger spatial scales. A
treatment adjustment factor is a multiplication factor that can be used to update grid
data to portray fuel treatments to the canopy characteristics (canopy cover, canopy
base height, canopy height, and canopy bulk density) or replacement values for the
surface fuel model. Within ArcFuels these adjustment factors can be used with the
Modify Grid Values and/or the Build FlamMap Landscape: Using ArcGIS Grid
Data tools. Both will be described in detail later in the User Guide and Tutorial.
Keep in mind that treatment adjustment factors should be created and used in simi-
lar vegetation types. For example, treatment adjustment factors for a pure ponderosa
pine stand would often be different than those for a mixed-conifer stand even if the
same prescription is used, but it is likely that different prescriptions would be used
on different vegetation types. This is a very useful tool when you have limited stand
exam (forest inventory) data for larger project areas.

1. Select the FVS_Compute worksheet.
2. The treatment sequence with the Combo.kep was a thin from below in

2003, a fuel move in 2003, and a prescribed fire in 2004. Because we are

deriving treatment adjustment factors, we will not use the postwildfire data.

The impact of the fuel move and prescribed fire will not show up until the

following year. The pertinent values for stand 794 are shown in table 4-1.

a. Itis OK if you have selected a different stand; just follow the steps to

determine your treatment adjustment factors.

Table 4-1—Forest Vegetation Simulator (FVS) outputs from the FVS_Compute
worksheet after applying the Combo.kcp to stand 794

Canopy Canopy

Canopy Canopy base bulk Fuel
Year cover height height density model

Percent Feet Feet Kilograms/m®
2000 90 113.6 7 0.329 141
2001 89 110.6 7 0.294 121
2002 89 111.5 8 0.300 121
2003 19 55.3 10 0.014 189
2004 20 56.1 10 0.015 164
2005 16 86.4 63 0.013 141

FFE-FVS outputs
from untreated and
treated alternatives
can be used to create
treatment adjustment
factors to update grid
data. This is a very
useful option when
limited stand exam

data are available.
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The Treatment Analysis
tab provides a way

to analyze arange of
treatment intensities

to find the optimal
prescription.

60

3. Because the Combo.kcp is a multistepped prescription, it is possible to cre-
ate treatment adjustment factors for individual parts or for the treatment
as a whole. The process is the same for both. We will look at the impact of
thinning only.
a. Owing to thinning, canopy cover was reduced from 89 percent in 2002

to 19 percent in 2003, which is a 79 percent reduction.

i.  To calculate the treatment adjustment factor, the formula is 1 minus
the pretreatment value (89 percent) minus the posttreatment value
(19 percent) divided by the pretreatment value (19 percent) which
would by typed in as “=1-((89-19)/89)” in Excel and is equal to 0.21.

ii. Because you are reducing canopy cover by 79 percent, the adjust-
ment factor would be 0.21. This is because you are retaining 21

percent of the original canopy cover after treatment.

b. The same process can be done for canopy height, canopy base height,

and canopy bulk density.

i. The adjustment factors are 0.49 for canopy height, 1.25 for canopy
base height, and 0.05 for canopy bulk density.

c. The thinning treatment changed the fuel model from 141 (GS1-low
load, dry climate grass-shrub) to 189 (TL9-very high load broadleaf lit-

ter) because of the increased surface fuel loads from the thinning.

4. Close the Excel workbook.

Exercise 4-5: Fine tuning treatment prescriptions using the
Treatment Analysis tab—
The Treatment Analysis tab provides a way to analyze a range of treatment
intensities to find the optimal prescription. When the Treatment Analysis tab is
used, only the line in the KCP file that is varied is applied to the stand. For instance,
suppose you are interested in finding a thinning intensity that achieves a specific
fire behavior, such as flame length or fire type, and you are also concerned about
total stand carbon.
1. Click the Stand button on the ArcFuels toolbar, then select Set Stand
Options from the drop-down list.
2. Select the Point&Click Options tab (fig. 4-18).
a. Select Generate Spreadsheet, Generate Spreadsheet Graphs, and Open
Spreadsheet options by clicking in the box to the left of each.
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Stand-Select Mode Options

Point&Click Cptions IF'u'S C1ptions | Treatment Analysis | Compare Treatments

Specify the action(s) ko be taken when a stand is selecked by pointing and clicking on the map,

FWS Oukputs o Produce]Display

[ iew Cukputs in 545 |
¥ Generate Spreadshest
¥ Generate Spreadshest Graphs Edit Default Inputs
¥ Open Spreadshest

[T | Generate 545 Fuels Repark

[ Generate Mexus Inpuks

[" Insect Risk Report

Close |

Figure 4-18—Point&Click Options tab in the Stand-Select Mode Options form.

3. Select the FVS Options tab (fig. 4-14).

a.

Input Database: the C:\arcfuels\data\Mt Emily Database.mdb will be
autopopulated.

Cycles: type “10” in the text box.

Years per cycle: type “1” in the text box.

Fuel model set: select 53 from the drop-down list.
Click Add/Change Files.

When the Select KCP Files form opens, click on Combo.kep in the
Available KCP files box to highlight it (fig. 4-13).

Click Select File> to select the KCP file and move it to the Selected
KCP files box.

4. Select the Treatment Analysis tab (fig. 4-19).

a.

Run FVS multiple times while varying a single treatment parameter:

select this option.

Specify treatment file(s) on the FVS Options tab, then select one file
here: select Combo.kep from the drop-down list.
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Stand-Select Mode Options |

PoinkeClick Opkions | Fys Cptions ~ Treatment Analysis ICDmpare Treatmenks |

¥ Pun F¥S mulkiple times while varying a single treatment parameter

Specify treatment file(s) on the FYS Options tab, then seleck ane file here

I Combo.kep ;I

Select the line containing the wariable to be analvzed

| ThinBBA 2003 60 095 0. 999, 0. 999, |
Keyword - C " T T T Tt Parameters - - - - - - - - - -
1 2 3 4 5 6 7
| thresa | zoos | s0 | o095 | o0 | s [ o | e
Yariable Parameter Mimirmumn Yalue Maimum Yalue Skep Amnmounk

Close |

Figure 4-19—Treatment Analysis tab of the Stand-Select Mode Options form. Basal area is
thinned incrementally from 10 ft*/ac to 130 ft*/ac in 20 ft*/ac steps to see the effect on stand struc-
ture and fire behavior.

c. Select the line containing the variable to be analyzed: select the line
that starts with ThinBBA from the drop-down list. ThinBBA is the
thinning keyword.

d. Variable Parameter: select 2 from the drop-down list. This is the
parameter associated with basal area; the 2 corresponds to the basal

area portion of the keyword line.

e.  Minimum value: type “10” in the text box. This is the minimum basal

area the stand will be thinned to for the run.

f.  Maximum value: type “130” in the text box. This is the maximum basal

area the stand will be thinned to for the run.

g. Step amount: type “20” in the text box. This is the step amount
for altering basal area (i.e., basal area will be thinned to 10, 30,
50 ft*/ac, etc.).

h. Click Close to close the form to apply and save your inputs for the tabs.

5. Click the Select Stands button on the ArcFuels toolbar, if not already

turned on.




ArcFuels User Guide and Tutorial: for Use with ArcGIS 9

6. Click on a forested polygon in the stand layer to execute an FVS run.
a. FVS will run multiple times and an Excel workbook will open with the

results of the runs. Be patient; this will take a while to run.

7. Select a few worksheets in the Excel workbook and look at the graphs and
associated values. Surface fire flame length (FVS_PotFire) and total stand
carbon (FVS_Carbon) are shown in figure 4-20.

9. Close the Excel workbook.

A surf_Flame_Sev B Total_Stand_Carbon
14 250
12 Parameter= 10
200 — -
10 Parameter= 30 .
8 = Parameter = 50 130
6 — D Erarmeter = 70 100
4 I\ — P arameter = 90
= A\ ' 50
i = e’ et —Parameter = 110
i : : : : : : Parameter = 130 3 y : : ; : :
1998 2000 2002 2004 2006 2008 2010 1998 2000 2002 2004 2006 2008 2010

Figure 4-20—Surface fire flame length (ft) under severe fire conditions (A) and total stand carbon (ton/
ac) (B) over time with varying basal area thinning limits (from 10 to 130 ft2/ac) using the Treatment
Analysis tab of the Stand Options form for stand 794.

TROUBLESHOOTING: m x|

If you do not close the
. Unable to run FY3:
Excel file from the prior Existing Excel spreadsheet is apen,

run before running the

same stand through FVS

a second time, a warning

Figure 4-21—Warning window when

window will open i
p trying to rerun FVS' for .the same stand The Compare
(fig. 4-21). when the Excel file is still open from
the last run. Treatments tab

provides a quick

. . L. . way to compare the
Exercise 4-6: Comparing treatment prescriptions using the Compare

Treatments tab—
The Compare Treatments tab on the Stand Analysis form provides a quick way

effects of treatments
or a simulated wildfire

. . between two treatment
to compare the effects of treatments or a simulated wildfire between two treatment

. . . . . alternatives for a given
alternatives for a given stand. The run outputs are combined in a single workbook |

. . . stand.
and the differences between the scenarios “A” and “B” are graphed. This is a fast

way to quantify the effects of a prescription on fire behavior, for instance.
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The following process simulates the effects of wildfire on a treated (Combo.

kcp) and untreated stand (Wildfire2007.kep). Specifically, the spreadsheet outputs

calculate the difference between the two scenarios.
1. Click the Stand button on the ArcFuels toolbar, then select Set Stand
Options from the drop-down list.
2. Select the Point&Click Options tab (fig. 4-18).
a. Select Generate Spreadsheet, Generate Spreadsheet Graphs, and Open
Spreadsheet options by clicking in the box to the left of each.

3. Select the Compare Treatments tab (fig. 4-22).
a. Run FVS with two different treatment scenarios and compare the
results: select this option.

b. Input Database: the C:\arcfuels\data\Mt Emily Database.mdb will
be autopopulated.

c. Click Add/Change Files under Treatment Prescription A.

i.  When the Select KCP Files form opens, click on Wildfire2007.kcp
in the Available KCP files box to highlight it. KCP files are
listed alphabetically.

Stand-Select Mode Options |

PointaClick Opkions | FYS Cptions | Treatment Analysis  ‘“ompare Treatments I

W iRun FYS with bwo different treatment scenarios and compare the results |

Input Database I CiharcfuelsidatalMe_Ermily_Database.mdb

Cyeles 10 Years per cycle I 1

Treatment Prescripkion & Treatment Prescription B
#dd/Change Files | add/Change Files
‘WildFire2007 . kep Cambo, kep

Close |

Figure 4-22—Compare Treatments tab of the Stand-Select Mode Options form showing the two
prescriptions to be compared. Treatment prescription A is a wildfire in 2007, and treatment prescrip-
tion B is a thinning, followed by a fuel move and prescribed burn, then the same wildfire as in A.
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ii. Click Select File> to select the KCP file and move it to the Selected

KCP files box.

1ii. Click OK to close the form.

d. Click Add/Change Files under Treatment Prescription B.

i.  When the Select KCP Files form opens, click on Combo.kep in the

Available KCP files box to highlight it.

ii. Click Select File> to select the KCP file and move it to the Selected

KCP files box.

1. Click OK to close the form.

e. Click Close to close the form to apply and save your inputs.

Click the Select Stands button on the ArcFuels toolbar, if not already turned on.

a. Click on a forested polygon in the stand layer to execute an FVS run.

FVS will run two times and an Excel workbook will open with the

results of the runs. Be patient; this will take a while to run.

5. Go to the FVS_Compute spreadsheet. Shown below is the comparison

graph for modeled severe flame length (fig. 4-23). Remember Scenario A

(blue) is the untreated stand and Scenario B (red) was treated. The treat-

ment was a thin from below to 60 ft?/ac and removal of 90 percent of the

surface fuels in 2003 followed by an underburn in 2004. Finally, a wildfire

was simulated in 2007 for both scenarios. The green line is the difference

between the two scenarios (Scenario A minus Scenario B).

SEV_FLAM

—_—

a8 2000 200% 2004 20086 2008 2010

-80

Scenario A
—Cenario B

Difference

Figure 4-23—Flame length comparison graph for severe conditions from the FVS_Compute

spreadsheet in the FVS output workbook for stand 761.
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6. Go to the FVS_Compare_Carbon spreadsheet. This is a new addition
that is available only with the Compare Treatments tab in the Set Stand
Options form. It shows the carbon pools for the treated (Scenario B) and
untreated (Scenario A) scenarios before and after the wildfire in 2007 as
well as an offset column (fig. 4-24).

7. Close the Excel workbook.

Carbon Distribution Summary

120
100 Wildfire Emission
m Underburn Emissions
80
Fixed,/decay Emissions
50 MonMerch Remaoved
|
a0 Merch Stored
B Forest Floor
20 B Dead and Down
0 . . . . . B Below Dead
Untreated, Untreated, Treated, Before Treated, After W Below Live
-20
Before Fire After Fire Fire Fire B Live NonMerch
-40 W Live Merch
-60

Figure 4-24—Carbon comparison for stand 761 treated and untreated before and after the simulated wildfire. The graph is created as
part of the Compare Treatments tab in the Set Stand Options form and can be found on the FVS_Compare Carbon spreadsheet.

Exercise 4-7: Opening FVS output files—
1. Click the Stand button on the ArcFuels toolbar, then select View FVS 1/O

FVS/FEE-FVS output
files can be opened via
the ArcFuels toolbar.
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from the drop-down list.
2. Click the Open FVS Outfile button on the FVS Outputs form (fig. 4-25).
a. This will open the FVS out file (fig. 4-26), which contains all the infor-

mation that ArcFuels writes to the Excel workbook.

b. Close the FVS out file.
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Open FYS Outfile I Ciharcfuelshoutputsh 7e 1, o0t

Open FYS Key File I CiharcFuelshoutputsh 761 ke

Open FY3S Spreadshest I Charcfuelsioutputsh a1, xls

File Explorer I C:harcfuelsioutpots),

Close |

Figure 4-25—FVS Ouputs form with the FVS files associated with
the most recent FVS run (stand 761) loaded.

B\ 454.0ut - Notepad ] - 101 x|
File Edit Format Vew Help
] FOREST VEGETATION SIMULATOR VERSION 4280 —-- BLUE MOUNTAINS PROGMNOSIS RV:12/20/11 08-07-2012 12:33:47 fj

OPTIONS SELECTED BY INPUT

KEYWORD FILE MAME: C:ivarcfuelshoutputshdid. key

KEYWORD PARAMETERS :
STDIDENT
STAMD ID= 454
STANDCN DATA BASE CONTROL MUMBER=454
MSMTID

MANAGEMENT ID=
MUMCYCLE ~ WUMBER OF CYCLES= 10
TIMEINT ALL CYCLES; PERIOD LENGTH= 1
SV5S PRODUCE SVWS-READY OUTFUT
PLOT GEOMETRY CODE = (O (0=5QUARE, IGNORE POINTS; 1=5UBDIVIDED SQUARE; 2=ROUND, IGNORE POINTS; 3=SUBDIVIDED CIRCLE)
GROUND FILE GRID RESOLUTIOM (ZERCQ IMPLIES NO GROUND FILE)=
RANGE POLES ARE NOT DRAWN.
SUBPLOT BOUNDARIES ARE MNOT DRAWN.
OUTPUT DATA ARE IMPERIAL.
COLOR INDEX= 2
SCREEN SUMMARY TABLE WILL BE PRINTED TO DATA SET REFERENCE NUMBER 6 AS RUN PROGRESSES
DATABASE  DATABASE KEYWORDS:
DSMIN DSH FOR INPUT COMMECTION IS C:hwarcfuelshdata‘mt_Emily_Catabase.mdb
1 | L
Figure 4-26—Example FVS out file.

3. Click the Open FVS Key File button on the FVS Outputs form (fig. 4-25).
a. This will open the FVS key (fig. 4-27) file, which contains the informa-
tion that tells FVS what to do, where to look for stand and tree data,
and what outputs to generate based on the options and KCPs selected
for the last run.

b. Close the FVS key file.
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Bl 454.key - WordPad o =] |

File Edit Wiew Insert Format Help

Dl SR Al &= B

ITDIDENT
454
SITANDCH
454
MGMTID

NUMCYCLE 10

TIMEINT u] 1

33 u] 1 u} u]

SCREEN

DATAEAZE

DESNIN

Ciharcfuelsi\datal\ Mt Emily Database.mdb

Ftand3oL

JELECT * FEOM stands

WHERE Stand ID = 'istand cny!

EndSQL|

DESNIN

Ciharcfuelsi\datal\ Mt Emily Database.mdb _Ij
3

dl |

For Help, press F1 ML

Figure 4-27—Example FVS key file.

4. Click the Open FVS Spreadsheet button on the FVS Outputs form (fig.

4-25).

a. This opens the Excel workbook created during the last FVS run. If you
did not select Generate Spreadsheet in the Point&Click Options tab
of the Set Stand Options form, this option will not be available.

b. Close the Excel workbook.

5. Click the File Explorer button on the FVS Outputs form (fig. 4-25).

a. This opens a new file explorer window for the ArcFuels outputs folder.
b. Close the folder.
6. Click Close to close the FVS Outputs form.
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TROUBLESHOOTING: If you try to re-open an open Excel workbook you will

get a warning window from Excel stating that the file is already in use (fig. 4-28).

Click cancel to close the window and go to the already open file.

Fileinuse 2|

307 .xls is locked For editing i Bead Only

b ‘meeaillant’, Mokify |

Cpen 'Read-Only' ar click 'MNakify' to open read-anly and receive notification . |
when the document is no longer in use, ance |

Figure 4-28—Warning window when trying to rerun FVS for the same stand when the Excel
file is still open from the last run.

TROUBLESHOOTING: The first time you try and open an FVS out or FVS key
file a window might open asking what program to use (fig. 4-29). These files can
be opened with NotePad, WordPad, or any other text editing program.

openwith 2 x|

- '] Choose the program you want ko use to open this File:

File:  149.kew

— Programs

Recommended Programs; -
_j Motepad
u:a Cther Programs:
Adobe Reader
E, ArciGIS File Handler
@ ArcGlobe Application
@ arcMap i
2 arcPress extension for Arc/Info
& ArcReader.exe
@ ArcScene Application

& Irternet Explorer
[

|"ﬁ_| L¥, HETPEE = S A

¥ always use the selected program ko open this kind of File

Browse, .. |

Ik I Zancel

Figure 4-29—Window asking what program to use to open the FVS out or
FVS key files.
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The Cell Data button in
ArcFuels automatically
displays data for the
eight grid layers used
to build a landscape
file.
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Cell Data

The Cell Data button is similar to the information button in ArcMap where it
displays information about data. The Cell Data button in ArcFuels automatically
displays data for the eight grid layers used to build a landscape file.

Exercise 4-8: Cell data information—

1. Click the Cell Data button on
%

the ArcFuels toolbar to “turn
on” the tool.

. o Landscape Data
2. Click anywhere within the Mt. :

. Elexvation: 1673
Emily study area. Slope: =
. fOepeck: 45
3. This opens the Cell Data Fuel Model: 165
window with the information Canopy: 55
. . . Height: 375
for all eight grids at the point CEH: g
selected (fig. 4-30). “BD: @

a. The data displayed is for

the grid layers loaded Figure 4-30—The Cell Data tool displays the values

into the Layers tab of the  for the eight grid layers added to ArcMap and assigned
. in the Project Manager. Canopy is canopy cover
Project Manager form height is canopy height, CBH is canopy base height,
described in Setting Up and CBD is canopy bulk density.

ArcFuels with Mt. Emily Demonstration Data.

4. Close the Cell Data window by clicking on the X in the upper right hand

Ccorner.

NOTE: The units are those of the input grid data. For the demonstration data:
elevation (m), slope (degrees), aspect (degrees), fuel model (n/a), canopy (percent),
height (m*10), CBH (m*10), and CBD (kg/m>*100).

Landscape

Exercises 4-9 through 4-11 will demonstrate how to assign FVS prescriptions to
selected stands in the landscape by using the Assign Prescriptions to Landscape
form. Exercises 4-12 through 4-16 will demonstrate how to run FVS at the land-
scape scale, including applying treatments, completing a treatment analysis, and
comparing carbon pools for different treatment alternatives using the Simulate
Landscape Treatments form. Exercise 4-17 shows how to join FVS outputs to the
stand polygon. Exercises 4-18 through 4-22 will demonstrate how to build Flam-
Map/FARSITE landscape files (LCPs) from FVS databases, grid data, and multiple
grid sources using the Build FlamMap Landscape form.
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Exercise 4-9: Assigning FVS prescriptions by selecting individual stands—

1. Click the Landscape button on the ArcFuels toolbar and select Assign
Prescriptions to Landscape from the drop-down list. The Landscape
Treatment Design form will open (fig. 4-31).

ArcFuels allows the
user to assign and

store FVS/FFE-FVS
prescriptions in the
input FVS database.

This is a great way to
b. KCP filename to be assigned: select Thinbba_80_2000.kcp from the keep track of different

a. Target Scenario field name: select Altl_Thinning from the drop-down
list. Altl Thinning is the name of the column in the stand database that
will hold the name of the KCP file that gets assigned to selected stands.

drOp—dOWI’I hst The Thlnbba_80_2000kCD thins in 2000 toa basal treatment alternatives.
area of 80 ft*/ac.

c. Assign Prescriptions using Point&Click: select the box to the left.

d. Click Close to close the form.

Landscape Treatment Design . 5[

Assign Prescripkions I

Create one ar more treatment scenarios by assigning treatments bo skands, Select a scenario field in the stand
database, a KiCP file, and use one of the assignment methods ko populate the database

Target Scenatio Field name I Alk1_Thinning ﬂ Clear all KCPs From Scenatio
KiCP filename to be assigned I Thinbba_g&0_2000.kcp ﬂ

— Prescription Assignment Method
Method &
[V Assign Prescriptions using Point&Click (this overrides any other Poink&Click settings)i
Method B:

Assign Rx ko all Arc Selected Stands |

Method C; Select stands based on a grid laver where 1 = treat and 0 = nok treat,
Each stand is selected or not based on the percentage of pixels marked Treat (17,

TOM GridLayer | =l

Threshold; treat stand if at least | 50 % of pixels are marked Treat (1),

Assign B Using TOM Cukput Grid |

Close

Figure 4-31—Landscape Treatment Design form set up for assigning a thinning prescription to the
Altl _Thinning column in the stands table using the Select Stand tool.
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2. Click the Select Stand button on the ArcFuels toolbar and point and click
on a few densely forested stands.
a. Click Yes to each of the Confirm windows that open after selecting
stands (fig. 4-32).

\:‘3) Do ol wank ko select skand 590 For Ry Thinkba_80_2000.kep

]

Figure 4-32—Confirm window that checks to see if you really want to apply
the prescription to the selected stand. The example shown is for applying the
Thibba_80 2000.kcp to stand 590.
3. Open the Mt_Emily Database.mdb in the data folder, then open the stands
table.
a. Sort in descending order the Altl_Thinning column to see how the
KCP is stored (fig. 4-33).

b. Close the database when you are done.

B stands
Stand ID ~ | Stand ID NUM -~ |Altl Combo -~ | Altl WUl - | Altl TOM -~ Altl Thinning -
105 105 Thinbba_80 2000.kcp
611 611 Thinbba_ 80 2000.kcp
65 65 Thinbba_ 80 2000.kcp
277 277 Thinbba_ 80 2000.kcp
81 81 Thinbba_80 2000.kcp
588 588 Thinbba_80_2000.kep
590 590 Thinbba 80 2000.kcp

Figure 4-33—Thnbba 80 2000.kcp assignments in the Altl Thinning column of the stands table in the Mt Emily Database file.
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Exercise 4-10: Assign FVS prescriptions to ArcGIS-selected features—
This option is used in conjunction with ArcMap. Prescriptions can be assigned

to ArcSelected stands. Stands can be selected based on location or attribute. The

example below uses ArcSelected stands selected by proximity to structures in the

wildland-urban interface.

1. In ArcMap, open the Select by Location tool (ArcMap

toolbar->» Selection-> Select By Location...). The Select By Location
form will open (fig. 4-34).
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Select By Location il

Lets vou select features from one or more lavers based on where they are
lacated in relation ko the Features in anather laver,

I wank ko:
Iselect features from j
the Following laver{s):
= Q Dermo_data
mt_ermily_stands
[ structures
[ kyrex_habitak
[ treatment_units

[ only show selectable lavers in this list
that:

Iare within a distance of il

Kl

the Features in this laver:

K} struckures LI

[T Use selecked features (0 features selected)

¥ apply a buffer to the Features in mk_emily_stands:

of: [0.5 | ites =]
Help | | 0, I Bpply | Close

Figure 4-34—ArcMap Select By Location form set up to select stands within one-
half mile of structures in the Mt. Emily wildland-urban interface.

a. | wantto: select Select features from from the drop-down list.

b. the following layer(s): check the box to the left of mt_emily_stands.

c. that: select are within a distance of from the drop-down list.

d. the features in the layer: select structures from the drop-down list.
e. Apply a buffer to the features in structures: check the box to the left.

f. of: type in “0.5” and then select Miles from the drop-down list.

g. Click OK to apply the selection. This will select all stands within one-
half mile of each structure (fig. 4-35).
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Figure 4-35—ArcSelected stands within one-half mile of
the structures in the Mt. Emily wildland-urban interface.

2. Click the Landscape button on the ArcFuels toolbar and select Assign
Prescriptions to Landscape from the drop-down list (fig. 4-36).
a. Target Scenario field name: select Altl_WUI from the drop-down list.

b. KCP filename to be assigned: select Combo.kcp from the drop-down
list. This KCP piles and burns 80 percent of the surface fuels 2000.

c. Click the Assign Rx to all Arc selected Stands button under Method B.

d. A window will open noting the number of stands selected (fig. 4-37a);
click OK to close the window.

e. A second window will open noting the total number of prescriptions
assigned (fig. 4-37b); click OK to close the window.
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Landscape Treatment Design ) 5[

Assign Prescripkions I

Create one ar more treatment scenarios by assigning treatments bo skands, Select a scenario field in the stand
database, a KiCP file, and use one of the assignment methods ko populate the database

Target Scenario Figld name I AlE1 LT j Clear all KCPs From Scenario

K.CP filename to be assigned I Carnba.kep ﬂ

— Prescription Assignment Method

Method &
[ iAssign Prescriptions using Point&Click (this overrides any other Poink&Click setbings)i

Method B:

Assign Rx ko all Arc Selected Stands |

Method C; Select stands based on a grid laver where 1 = treat and 0 = nok treat,
Each stand is selected or not based on the percentage of pixels marked Treat (17,

TOM GridLayer | =l

Threshold; treat stand if at least | 50 % of pixels are marked Treat (1),

Assign B Using TOM Cukput Grid |

Close

Figure 4-36—Landscape Treatment Design form set up to assign a combined thinning, surface fuel treatment, and underburn
prescription to stands within one-half mile of structures in the Mt. Emily wildland-urban interface.

A DT x| B O

176 stands are selected Tokal rx assigned = 176

Figure 4-37—Arc Map window indicating the number of ArcSelected
stands (A) and that treatments have been assigned (B).
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3. Open the Mt _Emily Database.mdb in the data folder, then open the stands
table to see how the prescriptions were assigned in the Altl WUI column.

Close the database when you are done.

Exercise 4-11: Assign prescriptions with a treatment grid—

Using a treatment grid is an efficient way to assign prescriptions to stands. The tool
requires a 0/1 grid where 1 indicates treatments should be applied. Because grid
cells are square, and polygons are not typically, the tool also allows you to decide
how much of the polygon must be represented by a value of 1 in the grid.

Although this function was designed specifically to be used with the Treatment
Grid created by running the treatment optimization model (TOM) in FlamMap (see
the Introduction to Modeling Fire Behavior in FlamMap for more information
about TOM) it can be used with other 0/1 grids. For example, the function pairs
extremely well with the Raster Calculator (ArcToolBox-> Spatial Analyst->Raster
Calculator) within ArcMap. With the Raster Calculator you can create new grids
based on criteria (e.g., all burnable fuels, slopes > 30 percent, south aspects, etc.)
and then use ArcFuels to make changes within these areas. The grids created in the
Raster Calculator default to 0/1 values. This eliminates several steps and reduces
the number of files you need to keep track of and organize.

1. Look at the ideal_trt grid in ArcMap. Stands that are gray have a grid value

of 0, meaning that they are not available

Ideal
for treatment; stands that are black have ,Osjﬁgﬁsalmem
a grid value of 1 and are available to be 0-no

Bl yes

treated (fig. 4-38). The black area accounts
for about 66 percent of the landscape.

2. Click the Landscape button on the
ArcFuels toolbar and select Assign
Prescriptions to Landscape from
the drop-down list. The Landscape
Treatment Design form will open (fig.
4-39).

a. Target Scenario field name: select
Altl TOM from the drop-down list.

b. KCP filename to be assigned: select
Combo.kep from the drop-down list. £

0051 2 Miles

c. TOM Grid Layer: select the ideal_trt

grid from the drop-down list (under

Figure 4-38—1Ideal treatment grid
Method C). (ideal_trt) where gray is not available
for treatment and black is available.
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Landscape Treatment Design .

Assign Prescriptions I

Create one or more treatment scenarios by assigning treatments to skands, Select a scenario field in the stand
database, a KCP file, and use one of the assignment methods ko populate the database

Target Scenario field name I AlE1_TGM j Clear Al KCPs From Scenatio

kP filename to be assigned I Comboa. kep j

— Prescription Assignment Method

Method A:
™ Assign Prescriptions using Point&Click (this overrides any other PointeClick settings)

Method B:

Assign Rx ko all Arc Selected Stands |

Method C; Select stands based on & grid laver where 1 = treat and 0 = not: treat.
Earh stand is selected or not based on the percentage of pixels marked Treat (1),

ToMGrid Layer | ideal_trt |

Threshold; treat stand if at least | 50 %% of pixels are marked Treat (1),

Assign R Using TOM Oukput Grid |

Figure 4-39—Landscape Treatment Design form set up for assigning a combination prescription to the

Altl TOM column in the stands table using a 0/1 treatment grid and the Select Stand tool.

d. Threshold: type “50” into the text box. This will apply the KCP only
to stands where at least 50 percent of the area has a value of 1 in the

ideal trt grid.

e. Click the Assign Rx Using TOM Output Grid button to apply the

prescriptions. After the process is done click Close to close the form.

3. Open the Mt_Emily_ Database.mdb in the data folder, then open the stands
table to see how the prescriptions were assigned in the Altl TOM column.
There should be 537 stands having the treatment prescription. Close the data-

base when you are done.

TIP: In the methods described above, ArcFuels overwrites existing prescriptions
for selected stands only. Thus multiple runs can be done to create scenarios with
multiple KCP files by executing successive queries that target different sets of
stands. If you wanted to clear all the prescriptions in a field you can use the Clear
All KCPs From Scenario button.
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FVS/FFE-FVS can be
run at the landscape

scale within ArcFuels.

Because ArcFuels
makes FVS/FFE-FVS
spatially explicit the
user can run stands
a variety of ways
including those
selected in ArcMap.
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Exercise 4-12: Running FVS for the no-treatment alternative—
In this exercise, we will run all the stands through FVS to create the no-treatment
alternative with a wildfire simulated in 2007, using the Wildfire2007.kcp. We will
run the simulation for 10 years in l-year increments (2000 through 2009).
1. Click the Landscape button on the ArcFuels toolbar, then select Simulate
Landscape Treatment from the drop-down list.
2. Select the Run FVS tab (fig. 4-40).
a. Input Database: the default database Mt_Emily_Database.mdb is set
using the Project Manager.

b. Stand Table: keep the default, stands, which is set using the Project

Manager.
=
Run F¥S ITreatment Analysis I Compare Treatments I Join FYS Qukputs ta Palygons I
Input Database I C:harcfuelsidataiMe_Emily_Database.mdb _I
Stand Table | stands =] stardm [ send i <]
Cutpuk Database I Ciiarcfuelsioutputsinotreat, mdb _I

Scenario name I nk

— Stand Selection

& Run all stands

Key file I nk.key

— Prescription Source

AddiChange Files

wildFire2007 kep

it File: | nk.out
AddiChange Fields |

" Run ArcMap Selected Stands

" Run Firsk I 10 | stands

" Run stands with prescriptions

 Run single stand: I

— DOptions,/Outputs

Cycles I 10 PPE Treatment Priority Wariable I B50I
‘Years per cyclel 1 PPE Treatment Proportion I 1

Fuel model set I 53 "I [~ suppress FFE Reports

[ Include westwide. kep

[ Add Pause in Batch File
W Execute

[ Minimize FYS Window
W Owerwrite DB

Run FYS |

Run FPE |
Scan For Errors |
rultiple PRE Runs |

[~ owerride FFE Fusl Model - pretreat
[~ owerride FFE Fuel Model - post cuk
[~ owerride FFE Fusl Model - post fire

[~ Generate cutlists For vear I
Scenario Index I 1

Skatus: I

Close |

Figure 4-40—The Run FVS tab set up to run FVS for all stands to create the no-treatment
alternative with a wildfire simulated in 2007.
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Stand ID: keep the default, Stand ID, which is set using the Project
Manager.

Output Database: keep the default database name, notreat.mdb, which
is set using the Project Manager.

Scenario name: type “nt” in the text box to the right; this will then
autopopulate the Key file and Out file text boxes. The “nt” refers to the

no-treatment alternative.

Stand selection: select the radio button to the left of Run all Stands. We

want to run all the stands in the Mt. Emily area.

i.  When working with large data sets or testing new prescription files,
you are advised to run a smaller number of stands using the Run
first XXX stands option.

Prescription Source: click the Add/Change Files button and select
the Wildfire2007.kcp from the Select KCP Files form (fig. 4-13). This

function is the same as was completed for running single stands in

Exercise 4-3.

Options/Outputs: for this run we will be running 10 one-year cycles,
allowing fuel models to be selected from both sources, and we will be

creating carbon reports.

i.  Cycles: type“10” in the text box.

ii. Years per cycle: type “1” into the text box.

iii. Fuel model set: select 53 from the drop-down list.

iv. Check Execute, Overwrite DB and Carbon Report; make sure the

rest are unchecked.
v. Scenario Index: type “1” into the box

Click the Run FVS button to start the FVS simulation. Depending on

your computer, this should take 5 to 15 minutes.

When FVS is done running, double-click the text C:\arcfuels\outputs\

notreat.mdb in the Output Database text box to open the output data-
base (fig. 4-41), and then browse the various FVS output tables. For a
description of the tables see Exercise 4-1.
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.'f 1 H £ [ > FWs_Carbon - Microsoft Access Table Tools
(et :
- E Home Create External Data Database Tools Add-Ins Datasheet
All Access Objects v | < Id = | CaselD - | StandID ~ | Year = |Abovegroun -
Tables n 1 12 2000 25.5447425842
£ FVS_BurnReport 2 12 2001 24.6674919128
BH Fvs Carbon 3 12 2002 24.89500691223
. 4 1|2 2003 24.9395484924
=] FWS_Cases
2 12 2004 25.09676306108
B Fvs_compute 6 1|2 2005 25.2458839417
B FVs_Consumption ¥ 12 20006 25.4008369446
EH Fvs_Fuels g 12 2007 0
=_.=j FWS_Hre_Carbon 3 12 2008 o
10 1|2 2009 i)
EH Fvs_Mortality
11 23 2000 18.7353496552
B Fvs_PotFire 12 23 2001 19.4433670044
EH Fvs_StrClass 13 23 2002 19.7810211182
B4 FVS_Summary 14 23 2003| 20.1405315399

Figure 4-41—FVS output database with all the tables created on the left hand side of the window, and the

FVS_Carbon table open.

NOTE: Because a prescription (KCP) is being applied to all the stands, it is recom-
mended that you first run a few stands through using the Run first “xx” stands option
first to check for errors (see the TIP below) and review the output database.

TROUBLESHOOTING: If FVS
experiences a termination code and
closes or if you terminate a run, a
warning window (fig. 4-42) will pop
up and the FVS out file will automati-

file to identify the error.

arcMap x|

abnarmal FYS termination code, check autput file.

cally open. Look through the FVS out  Figure 4-42—Abnormal FVS termination

warning window.




ArcFuels User Guide and Tutorial: for Use with ArcGIS 9

TIP: The Scan for Errors button on the Run FVS tab checks the FVS output file
for any errors that may have occurred during

the run (fig. 4-43). The most common errors m X

happen when a KPC is not written correctly. Search camplete, na errors Faund
A window will open letting you know that

there either were no errors or what the error

was and where to find it.

5

| keRRRRRR peon) FRROR: INVALID KEYWORD WAS SPECIFIED, RECORDS READ= 130
'x-‘:/ =rEmEr COMTIMUE?

Figure 4-43—FVS Error Scan windows for no errors or for an error. The FVS error code number
can be looked up in the FVS Essentials Guide (Dixon 2003).

TIP: You can open the FVS input and output databases from the Run FVS tab
by double-clicking on the text box next to each.

Exercise 4-13: Simulating landscape treatments in FVS to create an ideal land-

scape for the TOM in FlamMap—

This exercise will create a potential treatment alternative that can be used to create
the ideal landscape for use with the TOM in FlamMap3 (refer to the Introduction to
Modeling Fire Behavior in FlamMap3 section for more information). A combina-

tion prescription including a thinning, surface fuel treatment, and underburn was
assigned to stands using the ideal_trt grid in Exercise 4-11.
1. Click the Landscape button on the ArcFuels toolbar, then select Simulate
Landscape Treatment from the drop-down list.
2. Select the Run FVS tab (fig. 4-44).
a. Input Database: the default database Mt_Emily_Database.mdb is set
using the Project Manager.

b. Stand Table: keep the default, stands, which is set using the
Project Manager.

c. Stand ID: keep the default, Stand_ID, which is set using the
Project Manager.

d. Output Database: use the navigation button to create a new output
database named “Altl TOM.”

e. Scenario name: type “tom” in the text box to the right.
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Simulate Landscape Treatments x|

Run FYS ITreatment analysis | Compare Treatments | Join FY'S Qukputs ta Palygons |

Input Database I Criarcfuelsidataiit_Emily_Database mdb |

Stand Table | stands =] stand | Stand 0 -]

SCenario nane tom

— atand Selection

% pun &l skands

" Run ArcMap Selected Stands

= Run Firstl 10 | skands

" Run stands with prescriptions

" Run single stand: I

Output Database I Charcfuelshoutputsialtl_ToM.mdb |

Ky Filz I ko key ot File: I ko, oot

— Prescription Source

Add/Change Files |

Alkl_TOM

— DOptions,/Outputs

‘ears per cycle I 1
Fuel model sek I 53 'I

[ Include westwide. kep
[ add Pause in Batch File
W Execute

™ Minirmize: Fys Window
v Cverwrite DB

Cycles I 10 PPE Treatment Priority Wariable I BaDI e |

PPE Treatment Proparkion I 1
Run PPE |
[ 1 Suppress FFE Repaorks
¥ Carbon Report Scan For Errors |
[™ Owverride FFE Fuel Model - pretreat
fultiple PPE Rimns |
[~ owerride FFE Fuel Model - post cut
[™ owerride FFE Fuel Model - post: fire

[ Generate cutlists For year I

Scenario Index

]

82

Skatus: I

Close |

Figure 4-44—The Run FVS tab set up to run FVS for all stands to create the TOM alternative. The
Combo.kcp was assigned to all stands requiring treatment in the Altl TOM field of the stands table
in the Mt_Emily Database file in Exercise 4-11.

f.  Stand selection: select the radio button to the left of Run all Stands. We
want to run all the stands in the Mt. Emily area.

g. Prescription Source: click the Add/Change Fields button and select
the Altl_TOM field using the Select KCP Fields form that opens. This

is similar to selecting a KCP file.

h. Options/Outputs: for this run, we will be running 10 one-year cycles,
allowing fuel models to be selected from both sources, and we will be

creating carbon reports.




ArcFuels User Guide and Tutorial: for Use with ArcGIS 9

i. Cycles: type “10” in the text box.
ii. Years per cycle: type “1” into the text box.
iii. Fuel model set: select 53 from the drop-down list.

iv. Check Execute, Overwrite DB and Carbon Report; make sure the

rest are unchecked.
v. Scenario Index: type “1” into the box.

i. Click Run FVS to start the FVS simulation. Depending on your com-
puter, this should take 5 to 15 minutes.

j- When FVS is done running, double-click the text C:\arcfuels\outputs\
Altl TOM.mdb in the Output Database text box to open the output
database, and browse the various FVS output tables. For a description
of the tables see Exercise 4-1.

Exercise 4-14: Simulating landscape treatments in FVS only to stands

with prescriptions—

This exercise will use FVS to simulate only the stands with the Combo.kcp prescrip-
tion assigned to the Altl WUI column (field) in the stands table of the Mt _Emily

Database.mdb. The Combo.kcp prescription was assigned to all stands within
one-half mile of the structures of the wildland-urban interface in Exercise 4-10.

1. Click the Landscape button on the ArcFuels toolbar, then select Simulate
Landscape Treatment from the drop-down list.
2. Select the Run FVS tab (fig. 4-45).
a. Input Database: the default database Mt_Emily_Database.mdb is set
using the Project Manager.

b. Stand Table: keep the default, stands, which is set using the Project
Manager.

c. Stand ID: keep the default, Stand_ID, which is set using the Project
Manager.

d. Output Database: use the navigation button to create a new output
database named “Altl WUIL.”

e. Scenario name: type “wui” in the text box to the right.

f. Stand selection: select the radio button to the left of Run stands
with prescriptions.

To save timeitis
possible to only

run stands with
prescriptions assigned
through FVS/FFE-FVS.
The resulting output
database can be
coupled with an output
database including all
stands (untreated) in
the landscape to build
a treated LCP using
ArcFuels.
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Simulate Landscape Treatments

Run FY¥5 ITreatment Analysis I Compare Treatments I Join FYS Oukputs ta Palygons I

Input Database I Ciharcfuels)

datait_Emily_Database.mdb

Stand Table Istands

5

Skand ID

|
I Skand_ID vl

SCenario nane i

— atand Selection

" Run all skands

" Run ArcMap Selected Stands

 Run Firstl 10 | stands

' Run stands with prescriptions

" Run single stand: I

Qukput Database I Criarcfuelsioukputsialel _WwULmdb

Key file I i, ey

N

Out file I Wi, ok

— Prescription Source

AddfChange Files |

Add/Change Fields

alkl Wl

— Options,/Outputs

Cycles I 10 PPE Treatrm
‘Years per cycle I 1
Fuel model set I 53 "I

[ Include westwide.kep
[~ Add Pause in Eatch File
v Execute

[ Minimize FY'S Window
v Qverwrite DB

Scenario Index

ent Priority Wariable I BSDI
PPE Treatment Proportion I 1

[ | Suppress FFE Reporks

v Carbon Report

[ owerride FFE Fuel Model - pretreat
[ owerride FFE Fuel Model - post cut
[~ owerride FFE Fuel Model - post fire

[ cenerate cutlists For vear I
I 1

Fun FPE |
Scan For Errors |
fultiple PPE Runs |

Skatus: I

Close |

Figure 4-45—The Run FVS tab set up to run FVS only for stands with prescriptions assigned to

create a WUI treatment alternative. The pileburn.kcp was assigned to all stands requiring treatment
in the Altl_WUTI field of the stands table in the Mt_Emily Database file in Exercise 4-10.

i. If ano-treatment alternative has already been run, time can be

saved by running only the stands with prescriptions. The two data-
bases can be merged to create a FlamMap landscape file (LCP)

using ArcFuels.

Prescription Source: click on the Add/Change Fields button and select

the Altl WUI field using the Select KCP Fields form that opens. This
is similar to selecting a KCP file.

i.  Remove the Altl_TOM prescription field if it is still loaded.
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h. Options/Outputs: for this run we will be running 10 one-year cycles,
allowing fuel models to be selected from both sources, and we will be

creating carbon reports.

i. Cycles: type”10” in the text box.

ii. Years per cycle: type “1” into the text box.

iii. Fuel model set: select 53 from the drop-down list.

iv. Check Execute, Overwrite DB and Carbon Report, and make sure

the rest are unchecked.
v. Scenario Index: type “1” into the text box.

i.  Click the Run FVS button to start the FVS simulation. Depending on

your computer, this should take 5 to 15 minutes.

j- When FVS is done running, double-click the text C:\arcfuels\outputs\
Altl_ WUILmdb in the Output Database text box to open the output
database, and browse the various FVS output tables. For a description
of the tables, see Exercise 4-1.

NOTE: The same results could be obtained by first selecting the stands within
one-half mile of the structures in ArcMap, then selecting the Combo.kcp as the
Prescription Source, then selecting Run ArcMap Selected Stands.

Exercise 4-15: Using the Treatment Analysis tab to vary a single parameter—
Method 1 of the Treatment Analysis tab in the Simulate Landscape Treatments
form is simlar to the Treatment Analysis tab in the Set Stand Options form (see

Similar to stand
functionality, FVS/

Exercise 4-5). Two main differences exist: the option here can run multiple stands I
FFS-FVS prescriptions

at once, and when running the tool at the landscape scale the outputs are written to
. can be analyzed for
an Access database rather than an Excel workbook. For example, you are interested i
. . S . . an entire landscape or
in finding a thinning intensity that reduces canopy bulk density below a set thresh- loct stands to fi
old (0.1 kg/m3) because crown fire is unlikely to occur below that level (Agee 1996). select stands to tine
1. Click the Landscape button on the ArcFuels toolbar, then select Simulate
Landscape Treatment from the drop-down list.
2. Select the Run FVS tab (fig. 4-46).
a. Input Database: the default database Mt_Emily Database.mdb is set

using the Project Manager.

tune prescriptions.

b. Stand Table: keep the default, stands, which is set using the
Project Manager.
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Simulate Landscape Treatments

Run FY¥5 ITreatment Analysis I Compare Treatments I Join FYS Oukputs ta Palygons I

Input Database I Ciharchuels\datatft_Emily_Database. mdb _I
Stand Table | stands =] Stendin [ standp ]

Cutput Database I Ciiarchuelsioutputsi Combo_BA_Analysis,mdb _I

Scenario name I ba key file I ba.key Ot file I ba.out

— Gtand Selection — | Prescription Source

" Run all stands Add/Change Files Add/Change Fields |

£~ Run ArcMap Selected Stands Comb. kep

% Run First | g0l | stands

" Run stands with prescriptions

" Run single stand: I

— Options,/Outputs

Cycles I 10 PPE Treatment Priority Wariable I BaDI e |

‘Years per cycle I 1 PPE Treatment Proportion I 1
Fun FPE
Fuel model set I 53 'I [™ Suppress FFE Reports —I

I Include westwide, kep I™ Carbon Report Scan far Errors |

; | [™ Owerride FFE Fuel Model - pretreat
[ Add Pause in Eatch File Multiple PRE Runs |
| Eemiie [ owerride FFE Fuel Model - post cut

I Minimize E¥S Window [~ owerride FFE Fuel Model - post fire
[~ Crververite DB [ cenerate cutlists For vear I
Scenario Index I 1
Skatus: I

Close |

Figure 4-46—The Run FVS tab set up to run FVS to analyze the effect of varying
thinning intensities.

c. Stand ID: keep the default, Stand_ID, which is set using the Project
Manager.

d. Output Database: use the navigation button to create a new output
database named “Combo_BA_Analysis.mdb.”

e. Scenario name: type “ba” in the text box to the right.

f. Stand selection: select the radio button to the left of Run first stands
and type “50” into the text box.
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g. Prescription Source: click the Add/Change Files button and select the
Combo.kep field using the Select KCP Files form that opens. Remove
old fields, e.g., Altl_ WUI, if they are still loaded.

h. Options/Outputs: for this run we will be running 10 one-year cycles,

allowing fuel models to be selected from both sources, and we will be

creating carbon reports.

1.

ii.

1il.

1v.

V.

Cycles: type “10” in the text box.

Years per cycle: type “1” into the text box.

Fuel model set: select 53 from the drop-down list.
Check Execute, and make sure the rest are unchecked.

Scenario Index: type “1” into the box.

3. Select the Treatment Analysis tab (fig. 4-47).
a. Specify treatment file(s) on the Run FVS tab, then select one here:

select the Combo.kcp from the drop-down list.

b. Method 1: select the radio button to the left of this option.

L.

ii.

1il.

1v.

Select the line containing the variable to be analyzed: select the line
with the ThinBBA keyword from the drop-down list. This is the
keyword that triggers a thin from below. The text boxes below the

line will autopopulate (fig. 4-47).

Variable parameter: select 2 from the drop-down list because this

corresponds to the basal area.

Minimum Value: type “50” into the text box. This is the minimum

basal area value for thinning.

Maximum Value: type “100” into the text box. This is the maximum

basal area value for thinning.

Step Amount: type “10” into the text box. This is the step amount
for thinning (i.e., basal area will be thinned to 50, 60, 70 ftz/ac, etc.)

c. Click the Run FVS Analysis button to start the FVS simulation. This

will run FVS six times, once for each time step. Depending on your

computer, this should take about 5 to 10 minutes.
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Simulate Landscape Treatments

Run FYs Treatment Analysis I Compare Treatments | Join FYS Qukputs ta Palyaons

Specify treatment File(s) an the Run FYS tab, then select ane file here

I Combi. kep LI

& method 1: Vary a single parameter

Select the line conkaining the wariable to be anakvzed

| ThineEa o003 &0 0095 0. 999, 0. 999, |
Keveiards e amal sl S FEFEMEES 2 20 oo o = oo o
1 z 3 4 5 & 7
| threea | 2003 | e | o085 | o | sse. [ o | e
Wariable Parameter IMimirnum 4 alue Maximurm Yalue Skep Amount

| z vI | ] | 100 | 10|
" Method 2: Substitute a single value in multiple places indicated by == in the selected kep file

Minimum Yalue I TMaximum Yalue I Step Amount I

" Method 3: Loss Function runs with warying Flame length {plus & na-fire run)

Murnber of fire length categories I fin addition to no-fire base case)

" mMethod 4: FPA specific {including a no-fire run)

Ensure that all settings on both the Run FYS tab and this tab are correct, Then press one of the
buttons below to run FYS or PPE multiple times while varving a single treatment parameter,

[~ cCreate single KeyFile and do nat run (FYS only)

Run FYS Analysis | Run PPE &nalysis

Close |

d. When FVS is done running, double-click the text C:\arcfuels\outputs\
Combo_BA_Analysis.mdb in the Output Database text box to open

the output database, and then open the FVS_Compute table and scroll
all the way to the right. Notice the appended THINBBA2 column
(fig. 4-48). The basal area thinning factor associated with the runs is
appended to this table for further analysis. The value can be added to
other tables by doing a query function in the database.

Figure 4-47—Treatment Analysis tab set up to vary basal area thinning intensities from 50 to 100
ft?/ac in 10-ft*/ac increments.
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EH FV5_Compute

FML - HTT - HTLIVE
121 58.6059761047
186 559.3419876099
186 60.080057959
203 60.8015518188
142 £51.5249938565
141 652.2154159546

-

B0 =] =] &h LN

9

CBD -
0.13329930604
0.12524456019
0.12345038354
0.03865487128
0.03791769221
0.02985526249

YR

-

2000
2001
2002
2003
2004
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THINBBAZ

*

50
30
S0
50
S0
30

Figure 4-48—A THINBBAZ2 column is appended to the FVS_Compute table in the output database

for future analysis.

scenarios simultaneously.

TIP: At the bottom of the form there is a text box option where you can Cre-
ate single Key File and do not run (FVS only). This creates the files needed to
run FVS outside of ArcFuels, which can be helpful if you want to run multiple

TROUBLESHOOTING: If you
forgot to select a KCP file from the
Specify treatment file(s) on the Run
FVS tab, then select one here drop-
down menu, a warning window will
open (fig. 4-49).

IUnable to proceed with Treatment Analysis:

KCP File is missing

x|

Figure 4-49—Warning window stating that Arc-
Fuels is not able to proceed with the treatment
analysis because no KCP file was selected.

Exercise 4-16: Comparing carbon offsets between treatment alternatives—
This exercise will calculate and compare the carbon offset (tons) between two FVS
databases. You will need the notreat.mdb created in Exercise 4-12 and Altl_ TOM.
mdb created in Exercise 4-13. This is helpful when trying to compare the impact of

treatment(s) on carbon or between a no-treatment and treated landscape.

1. Click the Landscape button on the ArcFuels toolbar, then select Simulate
Landscape Treatment from the drop-down list.

2. Select the Compare Treatments tab (fig. 4-50).
a. Output Database A: select notreat.mdb using the navigation button.

The database should be in your outputs folder.

b. Output Database B: select Altl TOM.mdb using the navigation button.
The database should be in your outputs folder.

Carbon offsets can

be quickly calculated
between two treatment
alternatives using
FVS/FFE-FVS

output databases

in ArcFuels.
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Simulate Landscape Treatments

Fun F¥S I Treatment Analysis  Compare Treatments I Jain F¥S Cukputs ko Palygons I

Database & is the baseline or "no-treat” scenario, Database B is the comparison or "treat” scenario.

Qutput Dakabase A I Criarcfuelstoutputsinotrest. mdb |
Cukput Database B I Crharchuslsoukpuksialkl _ToM. mdb |

‘ear of interest I 2007

Calculate Carbon Offset I

Carbon offsek from change in emissions I -8053,7
Carbon offset From change in stock I -9540,

Total carbon offset I -1486.3

Close |

Figure 4-50—Compare Treatments tab in the Simulate Landscape Treatments form set up to
compare the total carbon offset between untreated and treated scenarios after a wildfire in 2007.

c. Year of interest: type “2007” in the text box. A wildfire was initiated in
both the no-treatment and TOM alternatives in 2007.

d. Click the Calculate Carbon Offset button.

e. The Carbon Offset from change in emission, Carbon offset from
change in stock, and Total carbon offset have been calculated between

the two treatment scenario databases.
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i.  The difference is Altl TOM minus notreat. The TOM treat-
ment resulted in a total carbon offset of 1,486 tons of carbon. In
other words, the treated landscape retained more carbon than the

untreated landscape after a simulated wildfire in 2007.

Exercise 4-17: Joining FVS outputs to the stand polygon—
Because FVS runs often include multiple simulation years it is not possible to join
the outputs to the stand shapefile using ArcMap. This tool allows you to join data
from any year within an FVS output table to the Mt. Emily stands shapefile. This is
quite helpful for visualizing the FVS runs on the landscape.
1. Click the Landscape button on the ArcFuels toolbar, then select Simulate

Landscape Treatment from the drop-down list.
2. Select the Join FVS Outputs to Polygons tab (fig. 4-51).

a. FVS Output Database: select notreat.mdb using the navigation button.

The database should be in your outputs folder.

b. Table to Join from FVS output DB: select EVS_Summary from the

drop-down list.
c. Year to Join: select 2005 from the drop-down list.
d. Click the Do Join button.
e. Click OK when the confirmation windows (fig. 4-52) open.
f.  Click Close to close the form and return to ArcMap.

3. Open the attributes table of mt_emily stands and scroll to the right; note

the joined data.
4. To visualize the output data change the symbology of the mt_emily_stands

polygon to show trees per acre (TPA, fig. 4-53).

a. Right-click on the mt_emily_stands polygon in the ArcMap table
of contents then Properties= Symbology=> Quantities>
Graduated Colors.

i.  The Value should be TPA, then select 6 from the Classes drop-

down menu.
ii. Click the Classify button to open the Classification form.

iii. Select Manual from the Method drop-down menu and set the break

values according to figure 4-53.

iv. Click OK to close the Classification form.

ArcFuels allows the
user to join values
within an FVS/FFE-FVS
database to a stand
shapefile in ArcMap.
The resulting maps can
be used to highlight
various metrics such
as tree density, basal
area, or potential fire
behavier for any year
modeled.
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v. Click OK again to close the Layer Properties form.

b. This can also be completed for the TOM treatment alternative as shown

in figure 4-53b if you so choose.

Simulate Landscape Treatments

Run FY¥S | Treatrment Analysis I Compare Treatments  Join F¥S Cutputs to Polygons I

FYS Qukput Database I Charcfuels\oukputsinotreat . mdb

Table to Join from FYS output DE I FYS_Summary ﬂ

‘fear ko Jaoin I 2005 vI

Do Jain |

Remowve Jaoins |

Close |

Figure 4-51—Join FVS Outputs to Polygons tab in the Simulate Landscape Treatments form set

up to join the FVS_Summary data for 2005.

x|

Executing........SELECT * INTO FvS_Summary2005 FROM FYS_Summary WHERE YEAR = 2005

Figure 4-52—Confirmation windows that appear after a join is initiated.
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Trees per acre
| <5
B 5-100
100-250
250-500
500 -1,000
B >1,000

Figure 4-53—Maps of trees per acre for the untreated (A) and TOM
treatment (B) alternatives.

NOTE: It is not possible to do multiple joins at once using this tool. The most
recent join will replace any past joins, even if the Remove Joins button is not used.

Exercise 4-18: Build the no-treatment alternative LCP using inventory data
run through FVS—

This exercise will demonstrate how to build an LCP from an FVS output database.
The notreat.mdb, created in Exercise 4-12, will be used in conjunction with the

ArcFuels can build
slope, aspect, elevation, and stands grids.

1. Click the Landscape button on the ArcFuels toolbar, then select Build
FlamMap Landscape from the drop-down list.

2. Select the Using FVS Database tab (fig. 4-54).
a. Elevation: select elevation from the drop-down list.

landscape files (LCPs)
from FVS/FFE-FVS
output databases
using the default
FVS-Compute table

b. Slope: select slope from the drop-down list. created.

c. Aspect: select aspect from the drop-down list.

d. Stand ID Grid: select stands from the drop-down list.

e. Latitude: type “45” into the text box.

f.  The output boundaries are based on: select the Grid Layer radio but-
ton, then select the stands grid from the drop-down list.
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Build LCP

Using FY.

Elewvation elevation hd

Slope slope = The oukput boundaries are based on:

Aspect aspect = % arid Layer | stands =l
El

Stand IO Grid I stands

5 Database I Using ArcialS Grid Data | Using Multiple Sources |

Arcials Grid Layers Latitude I 45

" UTM Coordinates [y |5D5D45?.?30<

5 I502615?.?30‘

iy |408396.84435 B I418326.8443§

FYS Cutput Database I Charcfuelsioutputsinatreat.mdb

Output Table | F¥S_Compute .[ Y5 Cukput Fields I Use ArcGIS Grid Layer
Fuel Model FrL
Stand ID Field I StandID vl

]

Canopy Cover CANOPY

Yaat I 2005 'l Canopy Height HTT
Scenario I 1 vl Canopy Base Height | HTLIVE

Canopy Bulk Density | CBD

KN EN KN KN (K]

[ apply Treatments

[~

Treated Skands Database I

LZP Cutput File I Cilarcfuels\outputsiFys_notreat.lcp

Build LCP | Create Arc Grids |

El

Close |

Figure 4-54—Using FVS Database tab set up to create a no-treatment LCP from the FVS run
for 2005.

FVS Output Database: select the notreat.mdb from the outputs folder

using the navigation button.

Output Table: select FVS_Compute from the drop-down list.
Stand ID Field: select StandID from the drop-down list.
Year: select 2005 from the drop-down list.

Scenario: select 1 from the drop-down list.

Fuel model: select FML from the drop-down list.

Canopy Cover: select CANOPY from the drop-down list.

Canopy Height: select HTT from the drop-down list.

Canopy Base Height: select HTLIVE from the drop-down list.

Canopy Bulk Density: select CBD from the drop-down list.

Apply Treatments: make sure this box is not checked.
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r. Treated Stands Database: this should remain blank.

s. LCP Output File: using the navigation button name the LCP “FVS _

notreat” and save it to the outputs folder.

t. Click the Build LCP button. x|

After the Build LCP prog-
ress window (fig. 4-55) closes, Q

the LCP has been built.

u. Click the Create Arc Grids

button.

i. Rename the grids as

shown in figure 4-56. The

prefix “fvs_nt” refers to
the fact that these grids

Writing LCP

|

Figure 4-55—Build LCP progress window.

are derived from FVS data and are for the no-treatment alternative.

ii. Click OK to create the grids. A progress window will open; when

the grids are created it will automatically close.

In addition to the LCP
file, ArcFuels can

v. Click Close to close the Build LCP form. output grids for canopy

- characteristics and fuel
Create Arc Grids x|

model layers from the

Falder I arcfuelsioutputshgrids, _l FVS/FFE-FVS inputs.
Fuel Model Grid I frvs_nk_fm
Canopy Caver Grid I fvs_nk_cc
Canopy Height Grid I Fws_nk_ch

Canopy Base Height: Grid I Fws_nt_cbh

Canopy Bulk Density Grid I Fvs_nt_cbd

Ik

Cancel

Figure 4-56—Create ArcGrids form for the no treatment alternative

derived from FVS data.

3. Look at the ArcMap table of contents; the grids created are automatically
added to ArcMap under a grouping titled Results (fig. 4-57).
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®_arcfuels9x.mxd - ArcMap - Arcnfo o ] [

J Eile | Edit Wiew Gookmarks Insert Selection Tools Window Help

J Stand " ™, Select Stand ‘ ", el Data ‘ Landscape " ‘wildfire Models '| F

[ |

=
ER=]1 avers| =]
=l Results
=] Fws_nt_fm
[
-
M 102
| bl
|l
I 141
142
[1sl
B 135 o
M 156
[1a9
I 20z
203
fws_nk_cc
Fws_nt_ch
Fws_nt_cbh
Fws_nk_cbd
= Demo_data
mt_emilv_stands;l

Display I Source : -
Selecion | Catalog a0 =u |+

[ |s1178z41 ¢ 4

Figure 4-57—Grids created from FVS output database are automati-
cally added to the ArcMap table of contents.

TIP: When creating and naming new grids, remember that the name can be only
13 characters long, have no spaces, and contain no special characters with the
exception of underscores.

TIP: If your input data is a larger spatial extent than needed for fire behavior
modeling, it is possible to create the LCP and grids for a smaller area using either
another grid or from UTM coordinates. Under The output boundaries are based
on, choose a Grid Layer of a smaller extent from the drop-down list (subarea is
provided with the demonstration data), or base the area on UTM Coordinates. If
you are using a non-rectangular grid layer, the resulting LCP and grids will be
the rectangular extent of the grid.

NOTE: If you do not like the FVS fuel models, you can substitute in a preexist-
ing fuel model grid (such as the If fbfim40 grid supplied with the demonstration
data). To do this, check the box to the left of Use ArcGIS Grid Layer, then select
If fbfm40 from the drop-down list.
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Exercise 4-19: Build the WU treatment alternative LCP using inventory data
run through FVS—
To eliminate the need to resimulate the entire landscape with each treatment
scenario, it is possible to combine a no-treatment landscape output with the simula-
tion outputs from only the treated stands to create a hybrid landscape file. In other
words, FVS outputs for the treated stands replace the FVS outputs for the no-treat-
ment alternative for the stands that are treated. If relatively few stands are treated,
the process of creating several treatment scenarios is accelerated. This exercise will
demonstrate how to build a treatment alternative LCP (and grids) using both a no-
treatment FVS output database and a wildland-urban interface treatment alternative
FVS output database that contains only treated stands. This exercise uses the FVS
output databases from Exercises 4-12 and 4-14.
1. Click the Landscape button on the ArcFuels toolbar, then select Build
FlamMap Landscape from the drop-down list.
2. Select the Using FVS Database tab (fig. 4-58).

X

Using F¥5 Database I Ising ArciElS arid Daka | Lsing Multiple Saurces |

ArcialS Grid Lavers e I 45
Elevation elevation <o
The output boundaries are based on:
Slope slope hd
Aspect aspect = % Grid Layer I stands j
" UTM Coordinates |S050457.730¢
Stand ID Grid | stands =] [

W |408396.84435 £ |418326.84432
5 |502615?.?30‘

F¥S Cutput Database I Ciiarcfuelsioutputsinotreat.mdb |

Output Table I FwS_Compute vl
Skand ID Field I StandID vl

ear I 2005 vl
Scenatio I 1 'I

¥ apply Treatments

[ Use Arcals Grid Layer

| =

FYS Cukput Fields
Fuel Model FML
Canopy Cover CAMORY
Canopy Height HTT
Canopy Base Height | HTLIVE
Canopy Bulk Density | CED

K [

Treated Stands Database | Charcfuels)outputshalkl _wolmdb

Bl [

LCP Cukput File I Clarcfuelsioutputs|Fus_WUTkreat. lcp

Build LCP | Create Arc Grids |

Close |

Figure 4-58—Using FVS Database tab set up to create a WUI treatment alternative LCP.

ArcFuels can combine
two FVS/FFE-FVS
databases to build

an LCP file. The first

is the untreated
database where all
stands are modeled,
and the second is

the post-treatment
database where only
those stands requiring
treatment are included.
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a. Elevation: select elevation from the drop-down list.
b. Slope: select slope from the drop-down list.
c. Aspect: select aspect from the drop-down list.

d. Stand ID Grid: select stands from the drop-down list.

e. Latitude: type “45” into the text box.

f. The output boundaries are based on: select the Grid Layer radio but-

ton, then select the stands grid from the drop-down list.

g. FVS Output Database: select the notreat.mdb from the outputs folder

using the navigation button.
h. Output Table: select FVS_Compute from the drop-down list.

i.  Stand ID Field: select StandID from the drop-down list.

j. Year: select 2005 from the drop-down list.

k. Scenario: select 1 from the drop-down list.

1. Fuel model: select FML from the drop-down list.

m. Canopy Cover: select CANOPY from the drop-down list.

n. Canopy Height: select HTT from the drop-down list.

o. Canopy Base Height: select HTLIVE from the drop-down list.
p. Canopy Bulk Density: select CBD from the drop-down list.

g. Apply Treatments: check the box to the left.

r. Treated Stands Database: navigate to and select the Altl WUILmdb in
the outputs folder.

s. LCP Output File: using the navigation button, name the LCP “FVS _
WUltreat” and save it to the outputs folder.

t. Click the Build LCP button.
u. Click the Create Arc Grids button.

i. Rename the grids as shown in figure 4-59. The prefix “fvs wui”
refers to the fact that these grids are derived from FVS data and are
for the WUI treatment alternative.

ii. Click OK to create the grids.
v. Click Close to close the Build LCP form.
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Create Arc Grids x|

Falder I Crharcfuelsoutputsigrids), _l
Fuel Madel Grid I Frs_twui_Frn
Canopy Cover arid I Fvs_wwui_cc
Canopy Height Grid I Fws_wui_ch
Canopy Base Height Grid I frvs_wui_chbh
Canopy Bulk Density Grid I Frs_wui_chd
4 Cancel

Figure 4-59—Create ArcGrids form to create the WUI treat-
ment alternative grids.

3. Return to ArcMap and look at the fuel model layer; notice where it
changed. The fuel model layer can often be the easiest layer to verify

treatments occurred where envisioned.

NOTE: It is also possible to repeat Exercise 4-19 with an FVS database that
contains all stands treated and untreated together. An example of this type of
database (Altl TOM) was created in Exercise 4-13.

Exercise 4-20: Build the no-treatment alternative LCP using grid data—

This exercise will demonstrate how to build a no-treatment LCP from grid data.

The supplied LANDFIRE data will be used.

1. Click the Landscape button on the ArcFuels toolbar, then select Build
FlamMap Landscape from the drop-down list.

2. Select the Using AcGIS Grid Data tab (fig. 4-60).

a. Elevation: select elevation and meters from the drop-down lists.

ArcFuels can be used
to build LCPs from grid
data. This saves time
when the user would
otherwise need to

export the individual

b. Slope: select slope and degrees from the drop-down lists. layers as ASCII files to

. build the LCP FlamMap.
c. Aspect: select aspect from the drop-down list. Ul e amiiap

d. Distance Units: select meters from the drop-down list.
e. Latitude: type “45” into the text box.

f. The output boundaries are based on: select the Grid Layer radio

button, then select elevation from the drop-down list.

g.  Apply Treatment Adjustments: leave this box unchecked.
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x

lsing FY¥S Database  Lising ArcGIS Grid Data I Lsing Multiple Saurces |

Euild LCP

LCP Qukput File

AroGIS Grid Layers Units The output boundaries are based on:
Elesation elevation ﬂl meters ¥ | & crid Layer I elevation j
Slape slope jl degrees |
" UTM Coordinates [y |505093?.?30=
Aspect aspect j
5 X ! I4D?886.8443£ = I418836.8443§
Distance Lnits I mekers vl
=1 |502564?.?30‘
Latitude I 45
[~ apply Treatment Adjustments
ArcGIS Grid Layers LUnits
Fuel Madel IF_fbfm40
Canopy Cover If_cc percent
Canopy Height IF_ch

Canopy Base Height | IF_cbh

-
meters, ¥ 10 |
meters,*10 |

Canapy Bulk Density | IF_chd

KN [

kgjm3,*100 x|

I CiharcfuelsoutputstIF_notreat.lcp

| Create Arc Grids |

Close |

Figure 4-60—The Using ArcGIS Grid Data tab of the Build LCP form set up to create a LCP from
the provided LANDFIRE data.

h. Fuel Model: select If fbfm40 from the drop-down list.

i.  Canopy Cover: select If_cc and percent from the drop-down lists.

j. Canopy Height: select If _ch and meters.*10 from the drop-down lists.

k. Canopy Base Height: select 1f _cbh and meters.*10 from the drop-down

lists.

1. Canopy Bulk Density: select If_cbd and kg/m3,*100 from the drop-
down lists.

m. LCP Output File: using the navigation button name the LCP “If

notreat” and save it to the outputs folder.

n. Click the Build LCP button.

0. Click Close to close the form.
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TROUBLESHOOTING: If you do not have the full path in the LCP Output File

text box, you will get an error window stating there was an error generating the

LCP file (fig. 4-61).
Error x|

Errar generating LCP File,

LCP Output File | F_notreat.lcp

Create Arc Grids |

Figure 4-61—When the full path is not included, the LCP will not be built
and an error window will open.

TIP: If your input data is a larger spatial extent than needed for fire behavior
modeling, it is possible to create the LCP and grids for a smaller area by using
either another grid or from UTM coordinates. Under The output boundaries

are based on, choose a Grid Layer of a smaller extent from the drop-down list
(subarea is provided with the demonstration data), or base the area on UTM
Coordinates. If you are using a non-rectangular grid layer, the resulting LCP and
grids will be the rectangular extent of the grid.

NOTE: Knowing the units of the input data and correctly assigning them in the
Using ArcGIS Grid Data form is very important when building LCPs. Improper
units can drastically alter fire model outputs.

Exercise 4-21: Build a treatment alternative LCP using treatment adjustment
factors and grid data—
This exercise will demonstrate how to build an LCP and grids for a treatment

alternative using the current conditions LANDFIRE grids, treatment location Posttreatment LCP(s)
(trt_location), and treatment type (trt_type) grids along with a treatment adjust- can be rapidly built by

ments database (Treatment adjustments.mdb). The supplied treatment location and

updating values in the

treatment types treat about 20 percent of the landscape and were designed to target existing conditions

preservation of large trees (Ager et al. 2010). grids using treatment

ArcFuels modifies grid data and creates new grids and LCP files by using an location and type grids

Access “lookup” table (fig. 4-62), which stores the replacements (e.g., change fuel along with treatment

model to 8 within unit 5) or adjustments (e.g., increase canopy base height by 30 adjustment factor(s)

percent, decrease canopy bulk density by 20 percent within unit 3) desired. in ArcFuels
Determining how to adjust canopy characteristic grids can be completed by
running prescriptions FVS through ArcFuels (Exercise 4-4) FVS can also predict

fuel models under changed stand conditions. However, expert knowledge of the
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=:=| example_treatment_adjustments

treat type -~ cbd adj ~ cc adj -~ | cbh_adj »~ fm_adj - ch_adj -
1 0.5 0.5 1.8 131 1
2 0.9 0.9 1 182 1.1
3 0.7 0.7 1.2 131 1

Figure 4-62—Example treatment adjustments table within the treatment adjustments database.

on-the-ground conditions should be used in conjunction with these data. Note that
shrub dynamics are not a part of FFE-FVS; fuel models are predicted based on the
data collected by standard forest inventory plots. Alternatively, adjustments can

be derived from monitoring data of treated areas that represent the posttreatment
conditions desired, or may come from a specific treatment prescription (i.e., canopy
cover will be reduced to 40 percent and canopy base height will be lifted to 6 ft).

ArcFuels multiplies the adjustment factor numbers by the existing condi-
tion values or replaces them. For example, treatment type 1 reduces canopy bulk
density and canopy cover by 50 percent (multiplies the existing condition by 0.5)
and increases canopy base height and canopy height by 80 percent (multiplies the
existing condition by 1.8) and 30 percent (multiplies the existing condition by 1.3),
respectively. In this example, under treatment type 1, fuel models will be changed
(replaced) to 181.

The flowchart below (fig. 4-63) is a visual depiction of the relationship between
the treatment type and location grids and the treatment adjustments table within the
treatment adjustments database. This system allows for pixel-level (versus entire
stand) manipulation of the grid data, allowing a single stand to receive different
intensities of treatment.

1. Click the Landscape button on the ArcFuels toolbar, then select Build

FlamMap Landscape from the drop-down list.

2. Select the Using AcGIS Grid Data tab (fig. 4-64).

a. Elevation: select elevation and meters from the drop-down lists.

b. Slope: select slope and degrees from the drop-down lists.

c. Aspect: select aspect from the drop-down list.

d. Distance Units: select meters from the drop-down list.

e. Latitude: type “45” into the text box.

f. The output boundaries are based on: select the Grid Layer radio
button, then select elevation from the drop-down list.
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Untreated fuel grids

non-zero value.

011111100000
011111100000
011111100000
000000111100
000000001110

011122200000
011222300000
011131300000
000000322100
000000001110

Y

Treated LCP and fuel grids

Grid of treatment location pixels.
Non-zero value in red = apply treatment,
zero in black = no treatment.

Treatments can be identified by any

Grid of treatment type pixels.
1 in yellow = heavy thin with under burn
2 in green = underburn only

3 in blue = light thin with underburn

Treatment adjustments table within the treatment adjustments database.

example_treatment_adjustments

treat_type - fm_adj - | cc_adj - | cbh_ad] - ch_adj -~ cbd_adj ~
] 181 0.5 1.8 1.3 0.5

2 132 0.9 1 1.1 0.9

181 0.7 1.2 1 0.7

Figure 4-63—Flow chart of how the treatment adjustment grids and factors work together to create a treatment alternative.
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Build LCP x|
Lsing FY¥S Database  Lsing ArcGIS Grid Data I Lising Multiple Sources |
ArcGI3 Grid Layers Units The output boundaries are based on:
Elewvation elevation x| meters ¥ & Grid Layer I elevation d
Slope slope x|| dedrees x|
" UTM Coordinates [ |505093?.?30=
Aspect aspeck =
g X W |4D?886.84433 E I418836.8443§
Distance Units I mekers vl
S |502564?.?30‘
Latitude I 45

¥ apply Treatment Adjustments

Treatment Tvpe Database I Criarcfuslsidatal Treatment _adjustments, mdb |
Treatment Location Grid | trt_location I Treatment Adjustment Table | example_treatment_adjust
Treatment Type Grid trt_type | Treatment Type 1D Field kreat_type I~

ArcGIS Grid Layers Lniits Treatrent Adjustrment Fields

Fuel Model IF_FbFm40 I £- | Fm_adj Jhd

Canopy Cover IF_cc || percent x| % | cc_adi hd [ Replace
Canopy Height If_ch >|| meters,*10 | % | ch_adj hd [ Replace
Canopy Base Height | IF_cbh > || meters,*10 w| ¥ | cbh_adj = [ Replace
Canopy Bulk Density | If_cbd | kgm3,*100 .l 5 chd_adj jlad o Replace
LCP Qutput File I CilarcfuelsioutputsiiF_treat20 lcp

Build LCP | Create Arc Grids |

Close |

Figure 4-64—The Using ArcGIS Grid Data tab of the Build LCP form set up to create a treat-
ment alternative with the provided LANDFIRE data and treatment adjustment database.

g.  Apply Treatment Adjustments: check the box to the left. This will make

more options available.

i. Treatment Type Database: navigate to and select the Treatment

adjustments.mdb in the data folder using the navigation button.

ii. Treatment Location Grid: select trt_location from the

drop-down list.

iii. Treatment Type Grid: select trt_type from the drop-down list.

iv. Treatment Adjustment Table: select example treatment adjustment

from the drop-down list.

v. Treatment Type ID Field: select treat_type from the drop-down list.

h. Fuel Model: select If fbfm40 and fm_adj from the drop-down lists.

i.  Canopy Cover: select If_cc, percent, and cc_adj from the

drop-down lists.
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j. Canopy Height: select If_ch, meters.*10, and ch_adj from the drop-

down lists.

k. Canopy Base Height: select If_cbh, meters.*10, and cbh_adj from the

drop-down lists.

1. Canopy Bulk Density: select If_cbd, kg/m3.*100, and cbd_adj from the

drop-down lists.

m. LCP Output File: using the navigation button name the LCP “If _

treat20” and save it to the outputs folder.
n. Click the Build LCP button.
0. Click the Create Arc Grids button.

i. Rename the grids as shown in figure 4-65. The prefix “If trt20”
refers to the fact that these grids are derived from LANDFIRE data
(If) and are for a treatment scenario (treat) that treated 20 percent
(20) of the landscape.

ii. Click OK to create the grids.

Create Arc Grids |

Folder I Cilarcfuelshoutputstgrids', _l
Fuel Model Grid | F_trtz0_fm
Canopy Cover Grid I IF_krtZ0_cc
Canopy Height Grid | F_trtz0_ch
Canopy Base Height Grid I IF_krtz0_cbh
Canopy Bulk Density Grid I IF_krtz0_chd

Ok I Cancel

Figure 4-65—Create ArcGrids form to create the treatment
alternative grids.

p. Click Close to close the Build LCP form.

3. Look at the grids added to the ArcMap table of contents; they will be under
a new Results group. Note how they have changed to represent treatment
when compared to the input grids. It is a good idea to check the created
grids before modeling fire behavior with the LCP to be sure treatments
were applied as you envisioned.
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ArcFuels can be used
to create LCPs from
multiple grids. The
grids can be of various
extents and units but
must be the same
resolution.
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Exercise 4-22: Build an LCP using multiple grid sources—
Building an LCP from multiple grid sources within ArcFuels is a time-saving tool
that allows you to mosaic multiple grid layers together and create an LCP in a single
step. This tool might be used if you have smaller extent grid layers that represent
update conditions owing to recent management or disturbance. Or when creating
landscape files for fire behavior simulations it is preferred to have a rectangular
extent; stand inventory data often are not rectangular in extent, so this tool is a
quick way to mosaic in LANDFIRE (or other grid data) to make the LCP rectangu-
lar. This is true with the demonstration data.
This exercise will use the no-treatment grids created from FVS data in
Exercise 4-19 and the supplied LANDFIRE grid data.
1. Ifnot already loaded in ArcMap, add the fvs_nt_fm, fvs nt cc, fvs nt_
cbh, fvs_nt ch, and fvs_nt_cbd layers created in Exercise 4-19.
2. Click the Landscape button on the ArcFuels toolbar, then select Build
FlamMap Landscape from the drop-down list.
3. Select the Using Multiple Sources tab (fig. 4-66).

x

Using FY5 Database | Using Arcils Grid Data  Using Multiple Sources |

Elevation I elevation (meters) _l
Slope I slope {degrees) _l
Aspect I aspect {azimuth degrees) _l
Fuel Model | fos_nic_fm, IF_Fbfr0 _|
Canopy Cover I Fuws_nt_cc (percent), IF_cc (percent) _l
Canopy Height I Fws_nt_ch {feet), IF _ch {meters, * 10} _l
Canopy Base Height I fws_nt_cbh (Feet), IF_cbh (meters, * 10) _l
Caropy Bulk Density | Fvs_nt_cbd (ka/m3), F_chd (kgfm~3, * 100) _|

The output boundaries are based on:

% Grid Layer I elevation ﬂ
Lotk I pe ™ UTM Coordinates N|505|:|93?|?30;

W I4U?886.8443§ E |418836.84432
5 I502564?.?30‘

LZP Cutput File I Ciharcfuelsioutputsifvs_IF_notreat lcp

Build LCP | Create Arc Grids |

Close |

Figure 4-66—Using Multiple Sources tab set up to create a no-treatment LCP from the FVS run for
2005 and the LANDFIRE data.
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Elevation: using the navigation button, select the elevation grid (click
on it to highlight it) from the Available layers; next select meters from

the Units drop-down list. Finally, click the Select Layer > button to
select the layer and move it over to the Selected sources portion of the
Select Source(s) form (fig. 4-67) that opens. Click OK to close the

form and select the remainder of the grid combinations.

Select Source{s) x|

Sources for:  Elewation

Select layers from the lisk on the left, Ensure that units are correct,
Selected lavers appear in the list on the right in the order they will be
checked For data.

Bevailable layers Selected sources

Units | meters j

IF_trt20_Fm - elevation mekers
IF_krt20_cc

IF_krt20_ch

IF_trt20_chbh

IF_krt20_chd

stands

slope

aspeck

IF_Fbfmdo |

< Remove Laver |

Ik Cancel |

Figure

4-67—Select source(s) form used to select the Arc grid layers to be used

to create the LCP file from multiple sources.

b.
C.

d.

Slope: using the navigation button, select slope in degrees.
Aspect: using the navigation button, select aspect in azimuth degrees.

Fuel Model: using the navigation button, select fvs_nt_fm then If_
fbfm40. When adding multiple layers, you need to click Select Layer >

after each layer. The layer listed on top overwrites subsequent layers.

Canopy cover: using the navigation button, select fvs_nt_cc in percent,

then If_cc in percent.

Canopy Height: using the navigation button, select fvs_nt_ch in feet,
then If_ch in meters*10.
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Canopy Base Height: using the navigation button, select fvs_nt cbh in
feet, then If_cbh in meters*10.

Canopy Bulk Density: using the navigation button, select fvs nt_cbd in
kg/m”"3, then If_cbd in kg/m”"3*100.

Latitude: if not already filled in, type “45” in the text box.

The output boundaries are based on: select the radio button to the left
of Grid Layer, then select elevation from the drop-down list.

LCP Output File: using the navigation button, name the file “fvs_If

notreat” and save it to the outputs folder.

Click the Build LCP button.

. Click the Create Arc Grids button.

i.  Rename the grids as shown in figure 4-68. The prefix “fvs_If nt”

refers to the fact that these grids are derived from FVS (fvs), then
LANDFIRE (If) data, and are for the no-treatment (nt) scenario.
Because the grids come from multiple sources, you need to choose
a single set of units for each. It is also possible to create the grids
as integers or as floating point data. Because we are using the

LANDFIRE units, we are creating integer grids.

Create Arc Grids x|

Falder I Ciarcfuelsioutputsigrids), |
Fuel Madel Grid I fs_IF_nt_fm Ckput Lnits Inkeqger
Canopy Cover Grid I fvs_If_nt_cc {same asinput) ¥
Canopy Height &rid I fvs_IF_nk_ch I mekers, *10 j v
Canopy Base Height Grid I fvs_IF_nk_cbh I meters, *10 j ¥
Canopy Bulk Density Grid I Fws_IF_nt_chd I kg,l'mS,*lDElj v
Spatial Reference I MAD_1983_UTM _Fone_11M j
(] 4 Cancel |

Figure 4-68—Create ArcGrids form to create the multiple data source no-treatment grids.
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ii. Spatial Reference: select NAD 1983 UTM_Zone 1IN from the
drop-down list.

iii. Click OK to create the grids.
n. Click Close to close the form.

0. The new grids will be added to the ArcMap table of contents under
the Results group. Look at the fuel model grid to see how the data was
mosaiced (fig. 4-69). If you did not remove older created files, you may
have to scroll down a bit to find the correct grids.

p- Remove the Results group from the ArcMap table of contents.

¥ Fuel model

Figure 4-69—Map showing the fuel model grid from the
FVS and LANDFIRE mosaiced data.

Wildfire Models

The Wildfire Models tool is primarily used to open wildfire models for use outside
of ArcFuels. The one exception is the Behave Calculator, which will be demon-
strated in Exercise 4-23.
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Exercise 4-23: Using the Behave Calculator—

In this exercise we will run the Behave Calculator for a number of different

midflame windspeeds to see the impact on surface fire behavior.
Click the Wildfire Models button on the ArcFuels toolbar, then select
Behave Calculator from the drop-down list (fig. 4-70).

L.

Fuel Model I TLS High load, conifer litker

Slope percent I a % (0-100)

Behave Calculator I

Enter Fuel moistures and wind speed below,

1 hr moisture I e % (1-60)
10 hr moisture I 10 % (1-80)
100 bt moisture I 11 % (1-60)
Herbaceous 120 %= (30-300)
Wioody 150 %% (30-300

MidFlame wind speed I 1] mph (0-33)

{ Pun Behave Calculations |

Rate of Spread

Flame Length

| 0.4 chibr
56 R

Close |

Figure 4-70—Behave Calculator form set up for the first Behave run.

a. Fuel model: select TL5 High load, conifer litter from the

drop-down list.

b. Slope percent: type “0” in the text box.

c. 1 hr fuel moisture: type “9” in the text box.

d. 10 hr fuel moisture: type “10” in the text box.

e. 100 hr fuel moisture: type “11” in the text box.

f. Herbaceous: type “120” in the text box.

g. Woody: type “150” in the text box.

h. Midflame windspeed.: this is the parameter that will be varied; start

with 0 mph and incrementally increase it to 10 mph in 2-mph steps

i.  Click the Run Behave Calculations button to calculate flame length

and rate of spread.

j-  Repeat the process, changing the Midflame windspeed in 2-mph

increments to fill out table 4-2.
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Table 4-2—Description flame length and rate of spread
changes with increasing midflame wind speed calculated
with the Behave Calculator within ArcFuels

Midflame wind speed Flame length Rate of spread
Miles per hour Feet Chains/hour
0 0.6 04

2 1.1 1.3

4 1.6 2.8

6 2.1 47

8 2.5 6.9

10 2.8 9.3

Note: one chain = 66 ft.

Modify Grid Values
Exercises 4-24 through 4-26 will demonstrate how to modify the fuel model layer

globally, within a subarea and by using a nonzero raster.

Exercise 4-24: Globally update a fuel model—

In this exercise fuel model 183 will be globally updated with fuel model 8.

1. Click the Modify Grid Values button on the ArcFuels toolbar to open the
form (fig. 4-71).

183 g

| Diata tvpe of outpuk grid ' Integer ¢ Floating paint |

Replace I with I Add o List = |

& apply to all pizels

" Apply to selected (nonzero) pixels in layer: I j

The output boundaries are based on:
% Grid Layer | IF_fbfma0 =]

 UTM Coordinates I505093?.?3042D
L |4U?886.844334? E |418836.844334?
5 |502564?.?30420

Remarve Fram List |

Target Folder I CiharcFuelsioutputs) |

| “mi_153_5
Create Grid |

Grid Name

Close |

Replace ¥alues x|
Laver to Madify I IF_Fbfrndn j Walues to Modify  Replace with

Figure 4-71—Modify Grid Values form set up to replace fuel model 183 with fuel model 8 across
the whole landscape.

The Modify Grid
Values form can be
used to rapidly update
grid values for the
entire extent or within
specified regions using
another grid as a mask.
The output grid can be
the extent of the input
or a smaller user-

defined area.
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Layer to Modify: select If fbfm40 from the drop-down list.
Data type of output grid: select the radio button next to Integer.

Replace “183” with “8” by typing the values in the appropriate boxes and
then click Add to List> to move the change to the Values to Modify box.

i. To remove values from the list, click on the one you would like to
remove to highlight it and then click Remove from List.

Select the radio button to the left of Apply to all pixels.

The output boundaries are based on: select the radio button to the left
of Grid Layer and then select Ifrr_fbfm40 from the drop-down list.

Target Folder: using the navigation button, select the outputs folder
(this is the default).

Grid Name: type “fml_183 8” in the text box.

Click the Create Grid button and then Close once ArcFuels has com-

pleted processing.

The modified grid will automatically be added to your ArcMap and will
show up under a new subheading entitled Modified Results (fig. 4-72).

Fuel Model
K
[ Jo
[ o3
e
B 01
| R
| FR
2
42
B 61
[ 162
[]1e3
[ 165
B s
B sz
B s
[ 184
[ 185
[ 186
[ Jiss

Figure 4-72—The original LANDFIRE fuel model grid (A) and the modified fuel model
grid where fuel model 183 was universally changed to fuel model 8 (B).
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TIP: ArcFuels will not let you proceed if you forget m x|
to add your changes to the list by clicking the Add to

) IUnable ko Build arid File:
List> (fig. 4-73). Mo values ko rmodify

Figure 4-73—Warning window
alerting you that you did not
enter values to modify the grid.

Exercise 4-25: Globally update a fuel model and clip the extent—
This example will demonstrate how to update the fuel model in a smaller subarea,
and only export the newly created grid to that extent. This tool will always output
the rectangular extent of the smaller subarea grid used, even if it is not rectangular.
1. Click the Modify Grid Values button on the ArcFuels toolbar to open the
form (fig. 4-74).
a. Layer to Modify: select If fbfm40 from the drop-down list.
b. Data type of output grid: select the radio button next to Integer.

c. Replace “165” with “5” by typing the values in the appropriate boxes
and then click Add to List> to move the change to the Values to

Modify box.
]
Lawer to Modify I IF _Fhfmd0 ﬂ Yalues to Modify  Replace with
165 5

| Diata bype of oukput grid % Inkeger " Floating point ‘

Replace I with I Add ko List = |

% apply to all pixels

" Apply to selected (nonzero) pixels in layer: I j

The output boundaries are based on:

% Grid Laver I subarea ﬂ Rermiove From List |

" UTM Coordinates [y |50391??.?3u420
W |412026.844334? E |415255.344334?
5 |503419?.?30420

Target Folder I Ciharcfuelsiautputs), |

Grid Mame | fml_sub_165_5|

Create Grid |
Close |

Figure 4-74—Modify Grid Values form set up to replace fuel model 165 with fuel model 5 in a
smaller subarea.
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d. Select the radio button to the left of Apply to all pixels.

e. The output boundaries are based on: select the radio button to the left
of Grid Layer and then select subarea from the drop-down list.

f. Target Folder: using the navigation button, select the outputs folder
(this should be the default).

Grid Name: type “fml_sub 165 5” in the text box.

Click the Create Grid button and then Close once ArcFuels has com-

pleted processing.

i. Look at the new fuel model grid (fig. 4-75) to see the change and

smaller extent.

Fuel Model
. s
[ Jo1
[ Jos
[ 99
B 101
B 02
B 2
22
2
B 61
I 162
[ 83
[ ]85
[ 186
[ ]88

Figure 4-75—Modified fuel model grid for a smaller subarea.

TIP: ArcFuels will ask if you want =

to overwrite an existing grid data
.. & grid already exists with the name:

set before proceeding if you forget Fml_183_8

to change the Grid Name or want to Do wou want o replace the existing grid?

replace an existing grid (fig. 4-76).

Figure 4-76—Warning window alerting that
you did not create a new grid name.
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Exercise 4-26: Update fuel models only within a recent fire—
This example will demonstrate how to update the fuel model within a recent fire
boundary only and still output a grid of the full extent. The fuel model changes are
hypothetical and are used to demonstrate how to modify multiple fuel models in a
single step.
1. Click the Modify Grid Values button on the ArcFuels toolbar to open the
form (fig. 4-77).
a. Layer to Modify: select If_fbfm40 from the drop-down list.

b. Data type of output grid: select the radio button next to Integer.

c. Replace “161”, “165”, “183”, “185”, and “188” with “181” by typing the
values in the appropriate text boxes and then clicking Add to List> to
move the change to the Values to Modify box for each. Repeat the steps
to change “102” and “122” to “101.”

d. Select the radio button to the left of Apply to selected (nonzero) pixels
in layer: and then select fire from the drop-down list.

Replace Yalues x|
Lawer to Modify I IF _Fhfme0 ﬂ Yalues to Modify  Replace with
161 181
165 151
| Diata bype of oukput grid % Integer  © Floating point ‘ 183 151
185 181

102 101
Replace I with I Add ko List = | 122 101

" apply to all pixels

% apply to selected (nonzero) pixels in layver: I fire j

The output boundaries are based on:

0 Grid Laver I If _fbfrnd0 ﬂ Remove from List |

= UTM Coordinates g I505093?.?3EI42EI
W |4D?886.844334? E |418836.844334?
5 |502564?.?30420

Target Folder I Cilarcfuelsioutputs, |

Grid Marne I Frnl_fire|

Create Grid |
Close |

Figure 4-77—Modify Grid Values form set up to replace fuel models to represent changes from a
recent wildfire.
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e. The output boundaries are based on: select the radio button to the left
of Grid Layer and then select If_fbfm40 from the drop-down list.

f. Target Folder: using the navigation button, select the outputs folder
(this should be the default).

g. Grid Name: type “fml _fire” in the text box.

h. Click the Create Grid button and then Close once ArcFuels has com-

pleted processing.

i. Look at the new fuel model layer to verify that the changes were only
made within the fire (fig. 4-78).

Fuel Model
[ o
[ o3
[ o0
B 101
B 02
Bl 2
2
B
B 6
I 162
[ 163
[ 165
B s
B 2
[ ]1ss
[ Jiea
[ ]85
[ |86
[ ]1s8

Figure 4-78—Modified fuel model grid where the fuel models were only updated
within a recent fire.

NOTE: If you want to get the full picture of how treatments or a recent fire will
affect modeled fire behavior, you will also need to change canopy characteristics;
changing just the fuel models is an effective method for exploring changes in

surface fire flame length, rate of spread, etc.
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Conversion

Exercises 4-27 through 4-31 will demonstrate how to single and batch convert
ASCII files to grids, XY text files to shapefiles, and how to export the attributes of a
shapefile to Excel.

Exercise 4-27: Convert a single ASCII file to a grid—
In this exercise, a no-treatment burn probability ASCII created in FlamMap will be
converted to a grid.
1. Click the Conversion button on the ArcFuels toolbar, then select Convert
Ascii to Grid from the drop-down list (fig. 4-79).
a. Ascii Grid File: navigate to and select the NOTRT_BP.asc file located
in the data folder.

b. Target Folder: navigate to and select the outputs folder
(this is the default).

c. Grid Name: type “notrt_bp” in the text box.

d. Data type: select the radio button to the left of Floating point. Floating
point was selected because burn probability is a value between 0 and 1.

If integer was selected the converted grid would have a value of 0.

e. Spatial Reference: select NAD_1983 UTM_Zone 1IN from the drop-

down list.

f.  Check the box to the left of Add Grid to Map.
g. Click OK.

Convert Ascii Grid File

X
Ascii Grid File | CiharcfuslsidatalNOTRT _EF.asc |

Target Folder I Ciarcfuelsioutputs)

5rid Mame I nokrk_bp

Datatype  © Integer (% Floating pnintE

Spatial Reference I MAD_1983_UTM_Fone_11M j

v add Grid ko Map

Ik Cancel |

Figure 4-79—Convert Ascii Grid File form set up to convert a no-treat burn probability file.

The ASCII conversion
forms allow a user to
rapidly post-process
many of the FlamMap
outputs.
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2. When the conversion is done, the form will automatically close. The con-
verted grid (fig. 4-80) will be added to the ArcMap table of contents under a

new grouping named Conversion Results.

Burn probability
[ High : 0.462

-Low:O

Figure 4-80—No-treatment burn probability grid
modeled in FlamMap3 using an FVS-derived LCP.

TIP: Although ASCII file types m x|

can have more than 13 characters,
. .. IUnable to build grid File:
grid names cannot. Additionally, do Grid Mame cannot have more than 13 characters

not use any or special characters in

your grid name other than under-

scores and no spaces. ArcFuels will = FIEERr—
L. Figure 4-81—Warning window when the grid name
not convert the ASCII files if either ¢ %OO long. £ £

of these are the case (fig. 4-81).
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Exercise 4-28: Batch convert ASCII files to grids—

In this exercise, both no-treatment and treated burn probability ASCII files will be

converted to grids at the same time. Unlike with the single conversion option, the

files are automatically output into the same folder as the input data.

1. Click the Conversion button on the ArcFuels toolbar, then select Batch
Convert Ascii to Grid from the drop-down list (fig. 4-82).

Convert Ascii Grid Files x|

You can convert several ascii grid files in a single Folder at the same
kime. Start by clicking the button ko select one of the files ko be
converted, Then select additional files by double-clicking in the lisk on
the left below, Files to be converted appear on the right.

Select Firsk file. ..

Folder containing the ascii grid Files

I C:harcFuelsidatah,

Select additional files to be
converted by double-clicking

in the list below arid ascii files ko be converted
MOTRT_BP.asc MOTRT_BP.asc
R.andon_ignition_poinks, kxk TRT&eE_EP.asc

Skandsy bxk
SW_ignition_paink. bk
TRTeE_EP.asc

Remove File |

Data type " Integer % Floating pDintE

Spatial Reference MAD_1983_LUTM_Zone_11M j
v add Grid ko Map

Convert Files Close |

Figure 4-82—Convert Ascii Grid Files form set up to convert no-treatment
and treated burn probability files.
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a. Click the Select first file... button and navigate to the NOTRT BP.asc
file in the data folder.

b. Folder containing the ascii grid files: this will autopopulate once the
first ASCII file is selected.

c. Select additional files to be converted...: double-click on TRT66_

BP.asc to move it over to the Grid ascii files to be converted box.

i. The Select additional files to be converted... box will have all the
*.asc and *.txt files in the same folder as the first file selected.

ii. Ifafile is accidentally moved over, click on it to highlight it, and
then click the Remove File button to remove it from the list of files

to be converted.
d. Data type: select the radio button to the left of Floating point.

e. Spatial Reference: select NAD_1983 UTM_Zone 1IN from the drop-

down list.

f.  Check the box to the left of Add Grid to Map.

g. Click the Convert Files button. w x|

h. When the conversion is complete a window SuccessFully converted 2 files

will open telling you so (fig. 4-83). Click
OK to close the window, then click Close

to close the form and look at the converted -
Figure 4-83—Successful conver-

files in ArcMap. sion of file.

NOTE: Batch converted files end up in the same folder as the ASCII files.

TIP: You would not want to batch convert burn probability and crown fire
activity together as integers because it is important to maintain the data to the
right of the decimal point for burn probability and not for crown fire activity. If
you import burn probability as an integer grid, it will be output as a grid with a

zero value.

TIP: If ArcFuels will not let you move one of your ASCII files from the left
window into the right because the name is too long, you need to close the form
and rename the file with a shorter name OR use the single Convert Ascii to Grid
form to complete the conversion.
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TIP: If the grid already exists in the
folder you are trying to convert to, a

Delete Existing Grid? |

& grid already exists with the name:
MOTRT_EP
Do o wank ko replace the existing grid?

warning window (fig. 4-84) will open
asking if you would like to replace the
existing grid.

Figure 4-84—Replace existing grid
warning window.

Exercise 4-29: Convert a single XY file to a shapefile—
In this exercise, a list of centroid points (geometric center) for each stand in the Mt.
Emily area will be converted to a shapefile.
1. Click the Conversion button on the ArcFuels toolbar, then select Convert
XY Text to Shapefile from the drop-down list (fig. 4-85).

Convert XY File x|

wf Text File | CilarcFuslsidataiStandiy.bxt |

% and ¥ column names  © XPas, YPos O XJ " Other: I I
Spatial Reference MAD_1983_UTM_Zone_11N j
v add shape File ta Map

oF Cancel

Figure 4-85—Convert XY File form set up to convert a text list of stand centroid points to a shapefile.

a. XY Text File: navigate to and select the StandXY.txt file in the data
folder.

b. Xand Y column names: select the radio button to the left of X, Y.

c. Spatial Reference: select NAD_1983 UTM_Zone 1IN from the drop-

down list.

d. Check the box to the left of Add Shape File to Map.
e. Click OK,

The XY file conversion
forms can be used to
quickly convert and
add point location data
to ArcMap.
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f.  When the conversion is complete, the form will close and the shapefile

will be placed under the Conversion Results grouping in the ArcMap

table of contents.

TIP: The Convert XY Text to Shapefile and Batch =i

Convert XY Text to Shapefile forms can be used | 2 _Edt Fermat vew beb
Etandid,», v

only with files that are delaminated with commas 56,415382.96,3046623.01
B7,412721.59,5046894 .89
(ﬁg, 4-86), not tabs. 88,415892.1, 5046897 .86
89,415719.27,5046916.51
90,415984 .47,5046779. 18
91,412420.09,5046913.28
92,413095.26, 5046804, 95
Fi 4-86—C 93,413671.09,5046784.23
LSS omma - flgq 433997.49,5046727.07
separated text file for 95,413424 .02 5046008, 02
conversion to shapefile. [[96,415917.48,5046552.07

Exercise 4-30: Batch convert XY text files to shapefiles—
In this exercise, two additional XY text files will be batch converted to shapefiles.
This includes a hypothetical single-fire ignition point and multiple randomly located
fire ignition points.
1. Click the Conversion button on the ArcFuels toolbar, then select Batch
Convert XY Text to Shapefile from the drop-down list (fig. 4-87).
a. Click the Select first file... button and navigate to the Random_igni-
tion_points.txt file in the data folder.

b. Folder containing the ascii grid files: this will autopopulate once the

first text file is selected.

c. Select additional files to be converted...: double-click on SW_ignition
point.txt to move it over to the XY fest files to be converted box.

i. The Select additional files to be converted... box will have all the

* txt files in the same folder as the first file selected.

ii. Ifafile is accidentally moved over, click on it to highlight it, and
then click Remove File to remove it from the list of files to be con-

verted.

d. XandY column names: select the radio button to the left of XPos,
YPos.

e. Spatial Reference: select NAD 1983 UTM_Zone 1IN from the drop-

down list.
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Convert X¥ Text to Shape Files x|

You can convert several XY text files in a single folder at the same
kime. Start by clicking the button ko select one of the files ko be
converted, Then select additional files by double-clicking in the list on
the left below, Files to be converted appear on the right.

Select firsk file. ..

Folder containing the &Y text files

I Charcfuelsdatal

Select additional files ko be
converted by double-clicking

in the list below #% bext Files ko be converted
R.andon_ignition_poinks, kxk Random_jignition_paints, kxk
Skandyy bxk oW _ignition_paink. bxk

SW_ignition_poaink. bk

Remoyve File

# and % column names
¥ ¥pos, ¥Pos M, ¥ ™ Other: |

™ FSim FireSizeList with no headers, 9 columns

Spatial Reference MAD_1983_LUTM_Zone_11M j

[V iadd Shape File ko Map

Convert Files | Close |

Figure 4-87—Convert XY File form set up to convert the remaining XY text
files to shapefiles.

f.  Check the box to the left of Add Shape File to Map.
g. Click the Convert Files button.

h. When the conversion is complete, a window will open telling you so.
Click OK to close the window, then click Close to close the form and
look at the converted files in ArcMap.
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TIP: If the file(s) has already been converted _ X

you will get a series of error message (fig. 4-88)
Error exporting data.

and ArcFuels will not convert the file(s). Create output Feature class Failed

Figure 4-88—Error window when trying to
convert to a shapefile that already exists.

Exercise 4-31: Copy shapefile attributes to spreadsheet—
This tool allows the attributes table information from a shapefile to be directly
exported into Excel.
1. Click the Conversion button on the ArcFuels toolbar, then select Copy
Attributes to Spreadsheet from the drop-down list (fig. 4-89).
a. Feature Layer: select mt_emily_stands from the drop-down list.

b. Spreadsheet: navigate to the outputs folder and name the file “mt

emily_ stands_attributes.”

c. Click OK. The Excel workbook will open. Click Yes if you get a

Microsoft Windows warning window.

Attributes to Spreadsheet x|

Feature Laver I rk_ermily_stands j

Spreadsheetl Charcfuels)outputsimt_emilv_skands_attributes, xls

Ik Cancel

Figure 4-89—Attributes to Spreadsheet form set up to copy the attributes of the Mt. Emily stand
polygon layer to an Excel workbook.
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Chapter 5

Introduction to the Forest Vegetation Simulator (FVS)

This section is meant to be a brief introduction to FVS and FFE-FVS. For more
thorough tutorials, webinars, and information about FVS training courses, please
visit the FVS Web page (http:/www.fs.fed.us/fmsc/fvs/training/index.shtml).

The Forest Vegetation Simulator typically is run through the Suppose graphical
user interface (http:/www.fs.fed.us/fmsc/fvs/software/suppose.php) with specific
text file inputs. However, FVS has also been linked to other software such as
Access. ArcFuels has leveraged these links and created a different interface for run-
ning FVS with a spatial component. The ArcFuels interface and tutorials are found
in the ArcFuels Tools section of this User Guide and Tutorial. A Suppose tutorial
will not be included; rather, the User Guide and Tutorial includes general informa-
tion about FVS and FFE-FVS.

FVS Program Overview

The Forest Vegetation Simulator is an individual tree, distance independent, growth
and yield model that is used to model forest stand dynamics overtime (Crookston
and Dixon 2005). The FVS is used extensively in the United States by federal
agencies, private landholders, and universities. The FVS and the available exten-
sions (see below for a complete list) are used to summarize current stand conditions,
model future stand conditions, simulate silvicultural prescriptions including costs
associated, model fuel treatment prescriptions, model wildfire events, determine
suitability of wildlife habitat, estimate insect hazard, predict change under future
climate scenarios, and much more.

Within FVS, the stand is the basic unit of management; however, many thou-
sands of stands can be run through the model. Tree growth and mortality can be run
hundreds of years into the future with FVS (the limit in ArcFuels is 49 years).

The FVS starts by reading stand and tree data, then calibrates based on the
input data and reports on initial conditions (i.e., tree density, fuel loading, etc.) for
each stand (fig. 5-1). Next, treatment prescriptions or other management activities
are read into the program and applied at the appropriate time. The stand is grown
forward accounting for mortality and regeneration. Metrics related to the treatments
applied and stand structure information are output. If more than one stand is run

through FVS, this process repeats until all stands have been simulated.

The FVS and the
available extensions
are used to

summarize current
stand conditions,
model future

stand conditions,
simulate silvicultural
prescriptions including
costs associated,
model fuel treatment
prescriptions, model
wildfire events,
determine suitability
of wildlife habitat,
estimate insect
hazard, predict change
under future climate
scenarios, and much

more.
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Figure 5-1—Simplified FVS
program flow for a FFE-FVS
fuel treatment run.

FVS Extensions

In addition to the FVS base model, there are many extensions available for use with
FVS. The extensions include:

*  Cover and shrubs

*  Economics extension

* Regeneration and establishment

* Fire and fuels extension (FFE)

» Parallel processing extension (PPE)

*  Douglas-fir beetle

*  Douglas-fir tussock moth

*  Dwarf mistletoe

*  Mountain pine beetle

*  White pine blister rust impact

*  Western root disease

e Western spruce budworm

¢ Climate extension
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The only extensions available for all variants (described below) are the eco-
nomics extension and the fire and fuels extension. The ArcFuels User Guide and
Tutorial only includes the use of the fire and fuels extension. To learn more about

the other extensions go to: http:/www.fs.fed.us/fmsc/fvs/whatis/index.shtml.

FVS Variants

Tree growth, mortality, and volume equations differ within FVS based on the
dominant tree species within 20 regions of the United States (fig. 5-2). Each of these
regions is called a variant. Within each variant, only specific tree species, habitat
types, dominant vegetation groups, etc. are available and applicable. In addition to
unique growth, mortality, and volume equations within FVS, equations specific to
extensions differ. For example, in FFE moderate and extreme fuel moisture condi-
tions differ among variants to best represent the fire environment for the geographic
location.

The demonstration data included with the ArcFuels download includes the Blue
Mountain (BM) variant. Before working with your FVS data in ArcFuels, be sure to

download the proper variant file.

Figure 5-2—Map of FVS variants from the FVS Web page http://www.fs.fed.us/fmsc/fvs/whatis/index.shtml.
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At a minimum, stand
information must
include a unique
identifier, the area of
the stand, the inventory
year, topographic
information, inverse
plot size, the diameter
at breast height
breakpoint between
small and large trees,
basal area factor, and
the number of plots.
Tree information must
include a unique
identifier, species,
DBH, history, and
number of trees
represented by the
species-DBH-mortality

combination.
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FVS Input Data

FVS data sources—
FVS requires information about the stand and/or plot and the trees within. At a
minimum, stand information must include a unique identifier, the area of the stand,
the inventory year, topographic information (slope, aspect, elevation), inverse plot
size (for smaller trees), the diameter at breast height (DBH) breakpoint between
small and large trees, basal area factor, and the number of plots. Plot information
includes the same, minus the number of plots. Tree information must include a
unique identifier, species, DBH, history (live or dead code), and number of trees
represented by the species-DBH-mortality combination. However, the more infor-
mation supplied, the more accurate the modeled outputs will be. For a full list of all
the input data possible, see the FVS Essentials Guide (Dixon 2003).

Data can be obtained through Forest Inventory Analysis (FIA) and the FSVeg
database for national forest lands (http:/www.fs.fed.us/fmsc/fvs/software/data.

shtml), or field inventory.

FVS database table linkages—

An example database has been supplied with the demonstration data (Example
FVS_input_database.mdb) that includes both the FSVeg data tables and additional
tables for the minimum data required. For more information see the Creating your
own FVS database portion of the Running ArcFuels With Your Data section of
the User Guide and Tutorial.

Example FVS keywords for fuel treatments—

A keyword system is used to communicate the information to be used by FVS

as well as determine the treatment prescriptions and outputs to be generated. A
single keyword record consists of the keyword itself and the associated parameters.
Multiple keywords can be strung together in a KCP file. Suppose (the FVS GUI
interface) can be used to generate the keyword files needed or the supplied KCP
files can be altered with a text editing program.

There are some rules to creating keyword files that need to be known. The
keyword always begins in the first column of the keyword record and up to seven
additional parameter fields on the record may be used. The number is dependent
on the keyword itself. Each parameter field consists of 10 columns. Depending on
the type (alphabetic or numeric) or if a decimal point is included, the location of the
parameter matters within the 10-column field. If integer values are used (no period),
they must be right-justified.

A few useful FVS keywords for fuel treatments are described below for dem-
onstration purposes. Users should read the FVS Keyword Guide (Van Dyck and
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Smith-Mateja 2000), FFE-FVS Manual (Rebain 2010), and FVS Event Monitor
Guide (Crookston 1990) for a complete explanation.

Thinning keywords—

THINSDI thins to a stand density index (SDI) target. In the example below, all
species in the stand were thinned from below to 35 percent of the residual SDI and
the cutting efficiency is 90 percent with no diameter limits.

THINSDI 2000. 35 090 0 0 999.0 1

THINBBA thins from below to a desired basal area. In the example below, all
species in the stand were thinned from below in 2000 to 150 ft*/ac throughout all
diameter and height ranges at 95 percent efficiency.

ThinBBA 2000 150 095 0 999.0 0 999.0

SPECPREF sets a removal preference, by species, for subsequent simulated thin-
ning. This affects the order in which trees are selected for removal when a harvest
is implemented. Positive values favor removal and negative values favor retention.
For example, the keyword set below sets a removal priority to three tree species.
These priorities favor retention of ponderosa pine (PP), Douglas-fir (DF), and
western larch (WL) whenever a thinning is implemented. The retention priorities
are weighted such that PP is most heavily favored for retention, followed by DF,

followed by WL.

SPECPREF 0 PP- 100
SPECPREF 0 DF -50
SPECPREF 0 WL 20
FFE specific keywords—

FMIN signals the start of the FFE keywords and END signals the end of the FFE
keywords. All other FFE keywords must appear between the FMIN-END pair. You
may code several FMIN-END pairs and you may have one or many FFE keywords
between each pair.

FUELMOVE keyword moves dead and downed fuel between fuel size classes to
simulate fuel treatments. The following set of FUELMOVE keywords removes
from the stand 90 percent of fuels from size classes 3, 4, and 5 in 2002.

FUELMOVE 2002 3 0 0 0.9 999 0
FUELMOVE 2002 4 0 0 0.9 999 0
FUELMOVE 2002 5 0 0 0.9 999 0

MOISTURE is used to set the moisture levels for each fuel size class. If this
keyword is used, the user must specify moisture levels for all size classes (there
are no defaults). When the MOISTURE keyword is used, it overrides the moisture
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ArcFuels has many
hardwired keywords
included in every FVS
simulation. Some of
these can be turned on
or turned off by setting
the FVS options within
the appropriate form.
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category from the SIMFIRE keyword. In the example below, the fuel moisture

is set for 2007. One-hr fuel moisture is 3 percent, 10-hr is 4 percent, 100-hr is 6
percent, 1000-hr is 7 percent, duff is 20 percent, live herbaceous is 60 percent, and
live woody is 90 percent.

MOISTURE 2007 3 4 6 7 20 60 90

SIMFIRE signals that a fire and its effects should be simulated. The following
SIMFIRE keyword invokes a fall fire in 2003, with dry fuel conditions, 8 mph
windspeed, and air temperature of 70 °F where the whole stand is burned and
mortality is calculated.

SIMFIRE 2003 8 1 70 1 100 4

Other useful keywords—

COMPUTE allows you to define up to 200 variables expressed as functions of
Event Monitor variables, constants, and variables previously defined using the
COMPUTE feature. The COMPUTE option can be scheduled for specific years,
and the value of variables may depend on an event.

SPMCDBH returns to the user one of the following: trees per acre, basal area, total
cubic volume, merchantable cubic foot volume, total board foot volume, quadratic
mean diameter, average height, percentage of cover, average mistletoe rating,

stand density index, species-specific average diameter growth per acre, tree value
class, tree status, or range of diameter and height. The example below returns the
quadratic mean diameter of recent mortality trees that are at least 10 in DBH and at
least 40 ft tall.

SPMCDBH(5,0,0,10,999,40,999,1)

FVS Output Description and Units

ArcFuels has many hardwired keywords included in every FVS simulation. Some of
these can be turned on or turned off by setting the FVS options within the appropri-
ate form. For more information about the forms and options, see the ArcFuels Tools
section. Tables 5-1 through 5-10 contain all the output units for hardwired results
tables from FVS runs. For units specific to other keywords, see the FVS literature.
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Table 5-1—Output units for the FVS_Cases table

Metric Description Units
Stand CN Stand CN from FVS database n/a
StandID Stand ID from FVS database n/a
MgmtID Management ID from FVS database n/a
KeywordFile Location of output keyword file n/a
SamplingWt Area of stand-from FVS database ac
Variant FVS variant used n/a
RunDateTime Time and date of FVS run n/a

Table 5-2—Output units for the FVS_Summary table

Metric Description Units
Age Stand age yr
Tpa Tree density trees/ac
BA Basal area ft?/ac
SDI Stand density index n/a
CCF Crown competition factor percent
TopHt Top height ft
QMD Quadratic mean diameter in
TCuFt Total cubic feet ft%/ac
MCuFt Merchantable cubic feet ft%/ac
BdFt Board foot volume n/a
RTpa Tree density removed trees/ac
RTCuFt Total cubic feet removed ft%/ac
RMCuFt Merchantable cubic feet removed ft%/ac
RBdFt Total board feet removed n/a
ATBA Basal area, after treatment ft*/ac
ATSDI Stand density index, after treatment n/a
ATCCF Crown competition factor, after treatment percent
ATTopHt Top height, after treatment ft
ATQMD Quadratic mean diameter, after treatment inches
PrdLen Period length years
Acc Accretion ft¥/ac/yr
Mort Mortality ft3/ac/yr
MAI Stand mean annual increment n/a
ForTyp Forest type n/a
SizeCls Stand size class n/a
StkCls Stand stocking class n/a
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Table 5-3—Output units for the FVS_StrClass (structure class) table

Metric Description Units
Removal Code Removal code n/a
Stratum_X DBH Nominal diameter at breast height, Stratum X in
Stratum X Nom Ht Height of the tallest tree, Stratum X ft
Stratum_X Lg Ht Nominal height of trees, Stratum X ft
Stratum_X Sm_Ht Height of the shortest tree, Stratum X ft
Stratum_X Crown_Base Canopy base height, Stratum X ft
Stratum_X Crown_Cover Canopy cover, Stratum X percent
Stratum_X Species_ X Primary species, Stratum X n/a
Stratum_X Species 2 Secondary species, Stratum X n/a
Stratum_X_Status Code Status, Stratum X n/a
Number of Strata Number of valid strata n/a
Total Cover Total canopy cover in all strata percent
Structure Class Structure class: ground (BG), stand initiation (SI), n/a

stem exclusion (SE), understory reinitiation (UR),

young forest multistrata (YM), old forest single
stratum (OS), or old forest multistrata (OM)




ArcFuels User Guide and Tutorial: for Use with ArcGIS 9

Table 5-4—Output units for the FVS_Fuels table

Metric Description Units
Surface Litter Litter fuel load ton/ac
Surface Duff Duff fuel load ton/ac
Surface It3 Small surface fuel (1, 10, 100-hr, less than 3 in diameter) load ton/ac
Surface ge3 Large surface fuel (1000-hr, greater or equal to 3 in diameter) load ton/ac
Surface 3to6 Large surface fuel (3 to 6 in diameter) load ton/ac
Surface 6tol2 Large surface fuel (6 to 12 in diameter) load ton/ac
Surface gel2 Large surface fuel (greater or equal to 12 in diameter) load ton/ac
Surface Herb Herbaceous fuel load ton/ac
Surface Shrub Shrub fuel load ton/ac
Surface Total Total fuel load (surface, herb, and shrub) ton/ac
Standing_Snag_1t3 Standing dead fuels (snags and branches) less than 3 in diameter ton/ac
Standing Snag ge3 Standing dead fuels (snags and branches) greater or equal to 3 in diameter ton/ac
Standing_Foliage Standing live tree foliage ton/ac
Standing_Live 1t3 Standing live trees (bole and branches) less than 3 in diameter ton/ac
Standing Live ge3 Standing live trees (bole and branches) greater or equal to 3 in diameter ton/ac
Standing_Total Total standing fuel mass (live and dead) ton/ac
Total Biomass Total of all standing wood and surface fuels ton/ac
Total Consumed Total amount of fuel consumed (does not include live trees) ton/ac
Biomass_Removed Total harvested wood (live and dead), and surface fuels removed via FUELMOVE ton/ac
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Table 5-5—Output units for the FVS_PotFire (potential fire behavior) table

Metric Description Units
Surf Flame Sev Surface fire flame length, severe conditions ft
Surf Flame Mod Surface fire flame length, moderate conditions ft
Tot_Flame Sev Surface and/or crown fire flame length, severe conditions ft
Tot_Flame Mod Surface and/or crown fire flame length, moderate conditions ft
Fire Type Sev Fire type severe condition: surface, passive or active crown fire n/a
Fire Type Mod Fire type moderate condition: surface, passive or active crown fire n/a
PTorch_Sev Probability of torching; moderate condition n/a
PTorch Mod Probability of torching, severe condition n/a
Torch Index Torching index, 20ft wind speed required to cause torching of some mph
trees, severe condition
Crown_Index Crowing index, 20ft wind speed required to cause active crown mph
fire, severe condition

Canopy Ht Canopy height ft
Canopy_Density Canopy bulk density kg/m3
Mortality BA_Sev Total basal area killed, severe condition ft*/ac
Mortality BA Mod Total basal area killed, moderate condition ft*/ac
Mortality VOL_Sev Total tree volume killed, severe condition ft%/ac
Mortality VOL Mod Total tree volume killed, moderate condition ft¥/ac
Pot_Smoke Sev Smoke produced, particles greater than 2.5 microns, severe condition ton/ac
Pot_Smoke Mod Smoke produced, particles greater than 2.5 microns, moderate condition ton/ac
Fuel ModX Fire behavior fuel model X selection n/a
Fuel WtX Fire behavior fuel model X weight percent

Table 5-6—Output units for the FVS_Compute table

Metric Description Units
SEV_FLAM Flame length, severe condition ft
MOD_FLAM Flame length, moderate condition ft
CANOPY Canopy cover percent
FML Fuel model n/a
HTT Canopy height ft
HTLIVE Canopy base height ft
CBD Canopy bulk density kg/m3
YR Simulation year n/a

Note: This is a table specific to ArcFuels that contains some potential fire behavior information and
data required to build landscape files.
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Table 5-7—Output units for the FVS_BurnReport table (produced only when a

fire is simulated)

Metric Description Units
One Hr Moisture 1-hr time lag fuel moisture percent
Ten Hr Moisture 10-hr time lag fuel moisture percent
Hundred Hr Moisture 100-hr time lag fuel moisture percent
Thousand Hr_ Moisture 1,000-hr time lag fuel moisture percent
Duff Moisture Duff moisture percent
Live Woody Moisture Live woody plant moisture percent
Live_ Herb_Moisture Live herbaceous plant moisture percent
Midflame Wind Midflame wind speed based on 20 ft mph
wind input and canopy cover
Slope Slope of the stand percent
Flame length Flame length used to calculate mortality ft
Scorch_height Scorch height based on the flame length ft
Fire Type Fire type: surface fire, passive crown fire, n/a
or active crown fire
FuelModIX Fire behavior fuel model X selection n/a
WeightX Fire behavior fuel model X weight percent

Table 5-8—Output units for the FVS_Consumption table (fuel consumption from fire, produced
only when a fire is simulated)

Metric Description Units

Min_Soil Exp Mineral soil exposure percent

Litter Consumption Litter consumed ton/ac

Duff Consumption Duff consumed ton/ac

Consumption_It3 1, 10, and 100-hr fuels consumed ton/ac

Consumption_ge3 Large surface fuels (greater or equal to 3 in diameter) ton/ac
consumed in the simulated fire

Consumption_3to6 Large surface fuels (3 to 6 in diameter) consumed ton/ac

Consumption_6tol2 Large surface fuels (6 to 12 in diameter) consumed ton/ac

Consumption_gel2 Large surface fuels (greater or equal to 12 in diameter) ton/ac
consumed

Consumption_Herb_Shrub Herbs and shrubs consumed ton/ac

Consumption_Crowns Tree crowns consumed from scorching ton/ac

Total Consumption Total all fuel types consumed ton/ac

Percent Consumption Duff Duff consumed percent

Percent Consumption ge3 Large surface fuels greater or equal to 3 in diameter) percent
consumed

Percent Trees Crowning Crown fraction burned: surface fire = 0; active crown percent
fire = 100; passive crown fire is between 0 and 100

Smoke Production 25 Smoke produced, particles greater than 2.5 ton/ac
microns (PM, ;)

Smoke Production 10 Smoke produced, particles greater than 10 ton/ac

microns (PM,)
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Table 5-9—Output units for the FVS_Mortality table (tree mortality from fire, produced
only when a fire is simulated)

Metric Description Units
Species Two letter tree species code n/a
Killed_classl Trees killed by fire in class 1 (default 0 to 5 in DBH) trees/ac
Total _classl Trees before fire in class 1 (default 0 to 5 in DBH) trees/ac
Killed class2  Trees killed by fire in class 2 (default 5 to 10 in DBH) trees/ac
Total class2 Trees before fire in class 2 (default 5 to 10 in DBH) trees/ac
Killed class3 Trees killed by fire in class 3 (default 10 to 20 in DBH) trees/ac
Total class3 Trees before fire in class 3 (default 10 to 20 in DBH) trees/ac
Killed class4  Trees killed by fire class 4 (default 20 to 30 in DBH) trees/ac
Total class4 Trees before fire in class 4 (default 20 to 30 in DBH) trees/ac
Killed class5  Trees killed by fire in class 5 (default 30 to 40 in DBH) trees/ac
Total class5 Trees before fire in class 5 (default 30 to 40 in DBH) trees/ac
Killed class6  Trees killed by fire in class 6 (default 40 to 50 in DBH) trees/ac
Total class6 Trees before fire in class 6 (default 40 to 50 in DBH) trees/ac
Killed class7  Trees killed by fire in class 7 (default greater or equal to 50 in DBH) trees/ac
Total_class7 Trees before fire in class 7 (default greater or equal to 50 in DBH) trees/ac
Bakill Total basal area killed by fire ft?/ac
Volkill Total tree volume killed by fire ft%/ac
Note: DBH=diameter at breast height

Table 5-10—Output units for the FVS_Carbon and FVS_Hrv_Carbon (harvested)
carbon (C) tables

Metric Description Units
Aboveground Total Live Total aboveground live tree C ton/ac
Aboveground Merch Live Total aboveground merchantable tree C ton/ac
Belowground Live Total belowground live C (roots) ton/ac
Belowground Dead Total belowground dead C (roots) ton/ac
Standing Dead Total aboveground dead tree C ton/ac
Forest Down Dead Wood Total down dead woody fuel (1, 10, 100, 1,000-hr) C  ton/ac
Forest Floor Total litter and duff C ton/ac
Forest Shrub_Herb Total herb and shrub C ton/ac
Total Stand Carbon Total stand C—all live and dead pools ton/ac
Total Removed Carbon Total C removed by treatment ton/ac
Carbon_Released From_Fire C in fuel consumed by fire ton/ac
Products Merchantable C stored in products ton/ac
Landfill Merchantable C stored in landfills ton/ac
Energy Merchantable C emitted with energy capture ton/ac
Emissions Merchantable C emitted without energy capture ton/ac
Merch_Carbon_Stored Merchantable C stored—products and landfill ton/ac
Merch_Carbon_Removed Merchantable C removed ton/ac
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Using the FVS Parallel Processing Extension (PPE)

The FVS Parallel Processing Extension (PPE) (Crookston and Stage 1991) is a
useful extension for landscape planning with FVS. It simulates multiple stands in
a parallel fashion, i.e., the simulation is completed for all stands each time period
before cycling to the next time period. The PPE can model multiple, spatially
explicit treatment constraints and priorities at the stand scale for a given landscape.
For example, suppose a comparison is desired of two treatment strategies,
one in which stands are selected for treatment based on their tree density, and one
based on proximity to structures. Suppose also that six treatment levels are desired
where 0, 5, 10, 20, 30, and 40 percent of the landscape is treated. These scenarios
are simulated with the MSPOLICY keyword to set the priority treatment vari-
able and the total treatment constraint. The priority variable can be an FVS event
monitor variable or a variable read from the stand database. Sample priority data
are included in the stand database in the homedens field. To read the variable into
an FVS run, add the ReadVariablesFromStandDatabase.kcp file in the PPE folder in
the KCP folder within the programs folder of the demonstration data. The KCP file

reads the homedens variable from the stand input table and sets an FVS compute

table equal to the variable. The contents of the file are as follows:

Database

DSNIN

Carcfuels\data\Mt_Emily Database.mdb

SQLIN 1

SELECT homedens FROM stands

WHERE stand cn = ‘percentstand cn percent’

EndSQL

The subsequent commands make a compute variable to echo the database contents
into the FVS output database.

COMPUTE 0
hdens = homedens
END

On the ArcFuels Simulate Landscape Treatments form, enter “hdens” into the
priority text box and set the proportion to 0.2. With the number of stands set to 200,
click the Run PPE button. The resulting run will treat 20 percent of the landscape

(about 200 stands) and prioritize the treatments according to the distance to homes.
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To use an event monitor variable as the treatment priority, declare the variable
in a COMPUTE variable, i.e., make a new variable and set it equal to a predefined
FVS event monitor variable. The statement below defines and sets the variable
CBSDI to the values of the FVS variable BSDI, which is the before-thin stand
density index.

COMPUTE 0
CBSDI= BSDI
END

It is also possible to create more elaborate treatment priority schemes using
external programs. Coding a ‘1’ in the last field of the MSPOLICY field instructs
FVS-PPE to stop execution at each cycle and execute a user-supplied program
called “computepriority.” FVS-PPE expects this latter program to generate an
ASCII file containing treatment priorities. Prior to stopping, the user can write the
current state of FVS variables to an Access database to be read by “computeprior-
ity.”” An example application of this system can be found in Finney et al. (2007).
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Chapter 6

Introduction to Fire Behavior Modeling With FlamMap3

This section is meant to be a brief introduction FlamMap3. There are many func-
tions within FlamMap3 that will not be discussed. The purpose is to have the user
gain a foundation in FlamMap3 skills for use with ArcFuels. For more thorough

tutorials, download the program and help file from the FlamMap3 Web site (http:/ FlamMap3 is a spatially
www.firemodels.org/index.php/national-systems/flammap). explicit landscape

fire behavior mapping

FlamMap3 Overview .
and modeling system

FlamMap3 (Finney 2006) is a spatially explicit landscape fire behavior mapping that describes

and modeling system that describes potential fire behavior with a constant fire potential fire behavior

environment (static weather and fuel moisture). The fact that the fire environment . .
with a constant fire

is held constant makes FlamMap3 the ideal tool for landscape-level fire behavior .
environment. The
fact that the fire

environment is held

assessment for fuel treatment planning. It is possible to see the effect of changes to
fuels on fire behavior without the additional unknown of weather effects.
FlamMap3 has two methods of modeling potential fire behavior: basic fire

constant makes

behavior and minimum travel time (MTT) (Finney 2002). In the first type of _
FlamMap3 the ideal

simulation, basic fire behavior is calculated by independently burning each pixel
tool for landscape-

on the landscape. Primary modeled outputs include rate of spread, flame length, . .
level fire behavior

fireline intensity, and crown fire activity. In the second type of simulation, discrete
assessment for fuel

wildfire(s) are simulated using the two-dimensional MTT fire growth algorithm. )
treatment planning.
Minimum travel time calculations assume independence of fire behavior among
neighboring cells but are dependent on the ignition locations, resolution of calcula-
tions, and simulation time. The MTT algorithm replicates fire growth by Huygens’
principle, in which the growth and behavior of the fire edge is modeled as a vector
or wave front (Knight and Coleman 1993). This method results in less distortion
of fire shape and response to temporally varying conditions than techniques that
model fire growth from cell-to-cell on a gridded landscape (Finney 2002). Specifi-
cally, a rectangular lattice of a defined resolution (preferably scaled to the input
data) is used to determine fire spread or travel time between each node (cell size
based on the input variables), fuel moisture, windspeed, and wind direction. In
addition to the fire spread, fire behavior is stored for each node (Finney 2002).
Minimum travel time is determined starting at the ignition location for all adjacent
nodes until the minimum cumulative travel time is determined. Primary outputs
for a single fire are rate of spread, arrival time, fire intensity, and flow paths. When
multiple random fires are ignited, the only output available is burn probability.
Both basic fire behavior and MTT calculations are derived from the same lin-

eage of systems that model one-dimensional behavior as part of a spreading line fire
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(Albini 1976; Anderson et al. 1982; Rothermel 1972, 1991; Van Wagner 1977, 1993).
For more detailed information about the calculations, see the FlamMap3 help guide.

In addition to the fire behavior outputs, FlamMap3 also has the TOM (Finney
2007). The TOM utilizes MTT fire behavior calculations, predetermined fire igni-
tion (point, line or area), fuel moisture and wind information, and two LCPs. The
first LCP represents the current conditions, and the second an “ideal” landscape.
The ideal landscape represents posttreatment conditions, with treatments occurring
wherever they are possible (not just desired). The TOM then simulates fire across
both landscapes and places treatment block (user-defined size) in the most optimal
location to slow fire spread. The output is a treatment grid consisting of Os and 1s
with the most optimal treatment pattern given the availability to be treated and the
proportion of land allowed to be treated.

As with any modeling system, there are known limitations with FlamMap3
(Cruz and Alexander 2010). Having an understanding of these limitations is impor-

tant before using any model.

Input data—

FlamMap3 requires a landscape (LCP) file, fuel moisture file (FMS), and wind-
speed and wind direction information to run. Additional optional files include
a custom fuel model file (FMD), wind vector files (direction and speed), foliar
moisture content, and weather (WTR) and wind (WND) files for fuel moisture
conditioning.

The LCP is a binary file that contains spatially explicit information about the
topography and fuel characteristics of a landscape (fig. 6-1). The LCP is composed
of five layers at a minimum (elevation, slope, aspect, fuel model, and canopy cover)
and ideally 8 (addition of canopy base height, canopy height, and canopy bulk den-
sity), and infrequently 10 (addition of duff loading and course woody fuels). This
LCP file is identical to the one used in FARSITE. It is possible to create the LCP in
both FARSITE and FlamMap3, but this will not be discussed. Rather see the sec-
tion Build FlamMap Landscape to learn how to build the LCP using ArcFuels.

Windspeed and wind direction will depend on the fire scenario desired. Winds
can blow either uphill (based on the input topographic themes in the LCP) or from a
set direction (e.g., from the southwest). Windspeed can be selected using a program
such as FireFamilyPlus (Bradshaw and Tirmenstein 2009) to characterize a given
percentile condition, or can be determined using expert opinion. To use wind vec-
tors, an external program such as WindNinja (Forthofer et al. 2009) (http:/www.
firemodels.org/index.php/research-systems/windninja) needs to be run to create the

direction and speed ASCII files that FlamMap3 will use to create the wind grids.
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Canopy base height
Canopy bulk den=sity

Figure 6-1—FlamMap3 LCP file, adapted from Finney 2006.

Because the demonstration data does not contain wind vectors, this will not be
described; please see the FlamMap3 help guide for more information. The wind-
speed and direction used in this tutorial are typical of an extreme fire event within
the Blue Mountains.

Fuel moisture is characterized using the FMS file and foliar moisture value at
a minimum. Depending on the situation, FMD, WND, and WTR files may also be
used. Example FMS, WND, and WTR files are supplied with the ArcFuels demon-
stration data.

The FMS file is an ASCII text file that contains the fuel moisture for 1-hr, 10-hr
and 100-hr timelag fuel classes as well as live herbaceous and live woody fuels for
all fuel models present. Foliar moisture is the moisture or water content of conifer
foliage. For more information about foliar moisture content in North American
conifers, see Keyes 2006. The optional FMD is an ASCII text file that describes
custom fuel model(s). The description includes data on fuel loading, surface area
to volume ratio, fuel bed depth, moisture of extinction, and heat content of live and
dead fuels. Dead fuel moisture conditioning uses the optional WND and WTR files
in addition to topography and shading to condition dead fuel moistures. The WND
file is an ASCII text file including hourly information (by date) on windspeed, wind
direction, and cloud cover. The WTR file is an ASCII text file containing daily
maximum and minimum temperate and relative humidity, precipitation duration
and quantity, and the elevation of the weather observations. The FMS, WND, WTR
files used in this tutorial are typical of late-season dry fire conditions within the

Blue Mountains.
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The data needed to build the FMS, WND, and WTR files are most often
downloaded from remote automated weather stations (RAWS) and processed
through a program like FireFamilyPlus (Bradshaw and Tirmenstein 2009) (http://
www.firemodels.org/index.php/firefamilyplus-software/firefamilyplus-downloads).
Once the data is gathered and processed, a text editing program such as NotePad or
FARSITE can be used to create the files. For more information on the process, read
Fire Behavior and Effects Assessment: A Guide to Understanding and Creating
Weather, Wind, and Fuel Moisture Files (http://www.frames.gov/partner-sites/niftt/

training/training-resources/).

Getting Started With FlamMap3

This section and the following tutorial will use the LANDFIRE no-treatment alter-
native LCP (If_notreat.Icp) created in Exercise 4-20. Please either do the exercise
or download the optional exercise outputs (http:/www.fs.fed.us/wwetac/arcfuels/
downloads.html) if you wish to follow along.

Opening FlamMap3—

FlamMap3 can be opened from within ArcFuels or directly from your computer
if you have downloaded and installed the program. In ArcFuels, click on the
Wildfire Models button on the ArcFuels toolbar, then select FlamMap3 from
the drop-down list. This will open the FlamMap3 interface (fig. 6-2). Otherwise,

FlamMap - [FlamMap1 = x
S Fl [Fl 1 m]

@ File Theme Analysis Area MWiew Options ‘Window Help _|5’|5|

= | = | - | &2 M IEE‘?_ | 7 |J [~ Felief Shading Azimuth: |315 3: Intenszity: IEI.E 3: Apply Il

i ? Mo Landscape File

Ready 4

Figure 6-2—FlamMap3 interface.
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open FlamMap3 from the shortcut icon on your desktop or from Start=>All
Programs=>FlamMap3-> FlamMap3.

The left pane is called the “tree” pane and the right is the “display” pane (fig.
6-2). Within the tree pane each “section” is indicated by a diamond to the left of the
text, and each section can be expanded using the boxed “+” symbol, or collapsed
using the boxed “-” symbol when there are multiple data layers or options within a

section.

Loading an LCP file—
There are a three ways to load LCP files into FlamMap3:
1. Via the main toolbar Theme=>FARSITE Landscape File, then navigate to

a preexisting LCP,

2. Double-click ? No Landscape File in the tree pane, then navigate to a pre-
existing LCP, or
3. Inthe tree pane, right-click ? No Landscape File=>Open, then navigate to

a preexisting LCP.

Load the If notreat.lcp file from the outputs folder (C:/arcfuels/outputs). Note
that there are now more sections in the tree pane. The Themes section includes all
the layers within the loaded LCP file. FlamMap3 automatically expands this section
and has the fuel model layer displayed. The layer shown in the display pane is the
active theme selected, which is indicated by the landscape icon to the left of the
name; the non-active themes have a magnifying glass to the left (fig. 6-3). To change
the active theme, click on the magnifying glass or name of the theme you would

like displayed.

Changing the display and/or units of a theme—
Changing the display and/or unit of a theme is useful for better understanding your
data. This is most beneficial after completing a FlamMap3 run.

There are a couple of ways to open the Create/Modify Legend window, which
is where you can change the display of a theme and also change the units. We will
use the Fuel Model theme to demonstrate.

1. Right-click on the theme name in the tree pane to open a new menu, then
select Properties, or
2. Double-click on the theme name in the tree pane, which opens a new

Legend window (fig. 6-4) and click on the theme name up top.

Open the Create/Modify Legend window (fig. 6-5). There are many parts to

the window, which are each described as follows:
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Figure 6-4—Legend window for the
fuel model theme.
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Figure 6-5—Create/Modify Legend window for the fuel model.

*  Predefined Legend: if there are common preexisting options, they will
be in the drop-down list. It is also possible to create and save custom

ones; see the FlamMap3 guide for more information.

* You can also insert, append, delete and sort classes using the Insert
Class, Append Class, Delete Class, and Sort Classes buttons.

To make the changes, you must click the Apply button next to the change
selected and then click OK at the bottom of the screen.
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TIP: If you change the display of a theme using a Predefined Legend the
data saved will still be continuous, not categorical, however, the units of the

Predefined Legend will be maintained.

Saving the individual
themes is necessary
for further mapping
and analysis in
ArcMap.
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Saving a theme for further mapping and analysis in ArcGIS—

Saving the individual themes is necessary for further mapping and analysis in
ArcMap. As with changing the display and units, this is more important for fire
modeled outputs than the input LCP file themes. FlamMap3 has a known bug and
does not always reopen saved FlamMap3 runs; saving individual themes you would
like to retain is very important.

To save a theme, right-click on the theme name in the tree pane and then select
Save As from the new menu. A Save As window will open where you can navigate
to the location where you would like to save the file, name the file, and choose the
file type (ASCII, BMP, JPEG, GIF, TIFF, PNG). The default is an ASCII file that

can be easily converted to a grid using ArcFuels.

Creating a FlamMap3 run—

There are three ways to start a new run:

1. Via the main toolbar Analysis Are=>New Run,
2. Double-click Runs in the tree pane, or

3. In the tree pane, right-click Runs=>New Run.

This will add a New Run theme to the Runs section in the tree pane.

The FlamMap3 Runs window consists of four tabs: Inputs, Fire Behavior
Outputs, Minimum Travel Time, and Treatment Optimization.

The Inputs tab (fig. 6-6) is where a run can be named, fuel moisture files are
loaded, wind information is input, canopy characteristics are defined, and fuel
moisture settings are defined.

A fuel moisture file must be loaded to run FlamMap3. In addition, if custom
fuel models are used in the theme, a custom fuel model file must also be used.
The pencil icon to the right of the files can be used to open a loaded file, verify the
contents, update the file as needed, and save the file.

Winds can be blowing uphill at a user-defined speed, be out of a set direction
based on azimuth, or be defined using wind vectors.

If your landscape file does not have information about the canopy height,
canopy base height and/or canopy bulk density, you can define a single constant
value for the entire landscape under the Canopy Characteristics heading. It is
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Figure 6-6—Inputs tab for a FlamMap3 run.

recommended that you have spatially explicit information characterizing these

canopy characteristics for more accurate crown fire behavior modeling. In addition,

the foliar moisture is set in this section.

If conditioning the dead fuel moistures, the WND and WRT files need to be
loaded. Then the conditioning period (days and time) need to be set.

The Fire Behavior Outputs tab (fig. 6-7) is used to calculate the basic fire
behavior outputs and set the crown fire calculation method and computer memory

set up for MTT and TOM runs. The number of processors used defaults to the

The Fire Behavior
Outputs tab is used

to calculate the basic
fire behavior outputs
and set the crown fire
calculation method and
computer memory set
up for MTT and TOM
runs.

number of processors your computer has. The Crown Fire Calculation Method can
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Figure 6-7—Fire Behavior Outputs tab for a FlamMap3 run.

be set based on Finney (1998), methods, which are identical to FARSITE, or Scott
and Reinhardt (2001) methods. When you are using the Finney (1998) method, it is
recommended that canopy bulk density values derived using a 15 ft running mean
window (Scott and Reinhardt 2001), as is the case with FFE-FVS, be doubled. The
other differences have to do with how active and passive crown fire spread are mod-
eled. Active crown fire is reduced to account for spotting being modeled separately
with the Finney (1998) method and passive crown fire is scaled to the crown
fraction burned using the Scott and Reinhardt (2001) method. Fire behavior output
grids are listed and described in table 6-1.
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The Minimum Travel Time tab (fig. 6-8) is used to calculate the MTT fire

behavior outputs. Depending on the type of ignition used, a set ignition (created

within FlamMap3 or in ArcMap and loaded) versus random ignitions, the available
outputs will differ. When random ignitions are used, only a burn probability grid

is created, and when a set ignition is used, all other output grids (table 6-2) are
available except burn probability. The rotation direction for node lattice depends on
the wind direction specified on the Inputs tab. Resolution of calculations dictates
how often the calculations are completed, and what the output resolution of the
grids selected will be. It is advised that the user choose a multiple of the input
resolution (i.e., if the input grid resolution is 30 m, then choose 30 m, 60 m, 90

m, etc., for the calculations). Simulation time can be set for a defined time (often

a single burn period such as 6 hr or 360 min) or left to run until every pixel has

burned. The interval for the minimum travel paths controls how FlamMap3 outputs

the major paths.

The Minimum Travel
Time tab is used to
calculate the MTT

fire behavior outputs.
Depending on the type
of ignition used, a set
ignition (created within
FlamMap3 or in ArcMap
and loaded) versus
random ignitions, the
available outputs will
differ.

Table 6-1—Basic fire behavior output grids from FlamMap3

Output grid Possible units

Description

Fireline intensity kW/m, BTU/ft/sec

Rate of spread m/min, ft/min, chains/hr
Flame length m, ft
Heat/unit area kJ/m?, BTU/ft?

Horizontal movement m/min, ft/min, chains/hr

Midflame windspeed k/hr, mph
Spread vectors n/a

Crown fire activity categorical
Solar radiation W/m?

1-hr fuel moisture fraction
10-hr fuel moisture fraction

Rate of heat energy released per
unit time per unit length of fire front

Horizontal distance that the
flame zone moves per unit of time

Distance from the ground at the
leading edge of the flame to tip of the flame

Total amount of heat released per unit
area as the flaming front of the fire passes

The rate of spread (slope basis)
transformed to a horizontal projection

The speed of the wind measured at the
midpoint of the flames

A combination of the Maximum
Spread Direction and Rate of Spread
grids displayed as an arrow

Fire type: 0 = no fire; 1 = surface fire;
2 = passive crown fire; 3 = active crown fire

The amount of sunlight exposed to the fuels

Moisture content of 1-hr timelag fuels (fuels
smaller than % in in diameter including the
litter layer)

Moisture content of 10-hr timelag fuels (fuels
greater than “-in but less than 1 in in diameter)
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Figure 6-8—Minimum Travel Time tab for a FlamMap3 run.
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Table 6-2—Minimum travel time (MTT) outputs

Output Possible units Description

Rate of spread grid m/min, ft/min, chains/hr ~ Spread rate of the fire as it encountered each
node along the minimum travel time path

Influence grid n/a Logarithm of the number of nodes burning as a
result of burning through that particular node

Arrival time grid min The elapsed time when the fire arrived at each

node—fire progression

Fire intensity map kW/m, BT U/ft/sec

Fireline intensity of each node burned by the

fire as it follows the minimum travel time path

Flow paths n/a Minimum travel time pathways among
all nodes
Major paths n/a Flow paths identified at the user-specified

interval for MTT flow

Arrival time contour n/a

grid divided by 10)

Burn probability fraction

each node

Contour representation of the MTT Arrival
Time grid (default contour interval is the
maximum value of the MTT Arrival Time

Fraction of the number of fires that encountered

The Treatment Optimization Model tab (fig. 6-9) is used to determine the
optimal fuel treatment pattern to slow the forward progression of fire by using
existing conditions and ideal landscape for a defined fire ignition. Inputs include a
fire ignition (created in FlamMap3 or ArcMap), resolution of calculations (see the
MTT tab), the ideal landscape, and treatment specifications. Maximum treatment
dimension is the maximum linear dimension of any treatment allowed. The number
of iterations/treatment level sets the number of iterations for the model to run; more
iterations increase computing time for minimal benefits. The treatment fraction is
the fraction of the entire landscape, not just the available lands that can be treated.
Outputs include the treatment opportunities grid (a positive value indicates that the
ideal landscape has a slower rate of spread, and a 0 is no difference) and the treat-
ment grid (a 0/1 grid identifies where TOM suggests treatments). In addition, the

same outputs as the MTT (table 6-2) calculations are available.

The Treatment
Optimization Model tab
is used to determine
the optimal fuel
treatment pattern

to slow the forward
progression of fire

by using existing
conditions and ideal
landscape for a defined

fire ignition.
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Figure 6-9—Treatment Optimization Model tab for a FlamMap3 run.

FlamMap3 Tutorial

In this tutorial, we will cover some of the basics within FlamMap3. The outputs
will be used in the Fuel Treatment Planning Scenarios with ArcFuels section of
the User Guide and Tutorial. Exercises in the FlamMap3 tutorial will cover how

to do basic fire behavior modeling (Exercise 6-1), MTT modeling (Exercises 6-2
and 6-3), and TOM modeling (Exercise 6-4). It will also teach how to change the
properties of the display and how to export the modeled outputs for further analysis
and mapping within ArcMap. As mentioned, this is not an all-inclusive tutorial; it
is highly recommended that you complete the tutorial provided with the FlamMap3
program to learn all the functionality within the program.
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Exercise 6-1: Running FlamMap3 to produce basic fire behavior outputs—

This exercise will use the If_notreat.lcp created in Exercise 4-20. If you have not
completed this exercise please do so now, or download the exercise outputs folder

and use the outputs located in the Landscape folder within.

1. Open FlamMap3 and load the If notreat.Icp.

2. Create a new run, and select the Inputs tab (fig. 6-10).
a. Run name: type “No treat — basic” in the text box.

b. Fuel Moisture File (*fms): navigate to and load the mtemily fuelmois-

ture.FMS from the data folder.

When using fuel
moisture conditioning,
use the hottest, driest
3-to 5-day period
within your WND and
WTR files to represent
extreme conditions.

Inputz | Fire Behaviar Elutputsl kirirnm Travel Timel Treatment Optimization MDdE|I

X
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Figure 6-10—Inputs tab for basic fire behavior run in FlamMap3.

153



GENERAL TECHNICAL REPORT PNW-GTR-877

154

S.

C.

f.

i.  Click on the pencil button to view the FMS file. The fuel moistures
are characteristic of very low conditions as defined by Scott and
Burgan (2005).

Select the radio button to the left of Wind Direction.

i.  Windspeed (MPH @20’): type “15” in the text box.

ii. Azimuth (Degrees): type “225” in the text box.

Foliar Moisture Content (%): type “100” in the text box.

Select the radio button to the left of Use Fuel Moisture Conditioning.

1.  Weather file (*wtr): navigate to and load the mtemily_weather.wtr
from the data folder.

ii. Wind file (* wnd): navigate to and load the mtemily_wind.wnd from
the data folder.

iii. Fuel Moisture Conditioning Period: set the Start date to “8/10” and
the End date to ““8/14.” Set the Start and End times to “13:00 PM.”

Click Apply.

Select the Fire Behavior Outputs tab (fig. 6-11).

a.

€.

Processor Usage and Memory/Disk Usage: leave the default values in

place.

Output Grids: click Select All to check the boxes next to all the out-
puts.

Crown Fire Calculation Method: select the radio button to the left of
Scott/Reinhardt (2001).

Options: select the radio button to the left of Relative Spread Direction
From Maximum which is the default.

Click Apply and then click Launch.

A FlamMap3 Progress window will appear and indicate when the run is
complete (fig. 6-12). Click OK to close the window. Click OK again to close
the Run form.

Note in the tree pane under the No treat—basic section that all the outputs

have been added (fig. 6-13). Note that the Spread Vectors theme has a blue

check next to it rather than a magnifying glass. This means the theme is a

vector (line or shapefile) rather than a grid theme.
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Run:NewRun x|

Inputz  Fire Behavior Outputs | Firirnm Travel Timel Treatment Optimization MDdE|I

—Processar Ugage—————————— — Memom/Dizk Uzage
i e o - i Create n:nutpu}s iti mermany [fazter]
- " |ze Hard Drive [slower]
— Dutput Grids
¥ Fireline Intenzity ¥ Horizontal Movement Fate
¥ Fate of Spread v Hidilame Windspeed
¥ Flame Length v Spread Wectars
¥ Heat / Unit Area ¥ Crowvn Fire Activity
M on-Fiked Fuel kaoizture Outputs Crawen Fire Calculation bethod
¥ Solar Radiation ™ Finney [1998]
v 1hr Fuel Moisture % Scatt/Feinhardt [2001]

¥ 10k Fuel Moizture

Select Al | Remave &l |

— Options
i Relative Spread Direction From b asimunm

" Spread Direction From Maorth [Szimuth]

Degrees: IEI 3:

Launch | k. | Cancel | fNu]m 1 I Help

|In|:-uI:s (4 |11 oukputs selected |N|:| existing oukputs

Figure 6-11—Fire Behavior Outputs tab for basic fire behavior run in FlamMap3.

Flam™ap Progress... x|

FlamMap Run Completed
Total threads: 2
Execution Time: 0 Minutes, 11 Seconds

Figure 6-12—FlamMap3 Progress window.
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E"" FlamMap - [FlamMap1 - If_notreat.lcp] | x
I@ File Theme Anakesis Area Wiew Options  Wwindow Help = |ﬂ|1|

O0=H | él + - | B KM ’E?J 7 J ™ Relief Shading Azimuth: |315 :I Intersity: ID.5 :I Apply ||
E-- #+ FlamMap1
0 Charcfuels\outputsiff _notreat.lcp
Bi + Auxiliary Themes
= # Analysis Areas
Elm + Entire Landscape {Default)
g #+ Themes
q + Elevation
: Slope
Aspect
Fuel Model
Zanopy Cover
Stand Height
Canopy Base Height
Canopy Bulk Density

=+ Runs
= [ Mo kreat - basic
-4 Ideal Landscape Themes
~nff * Spread Veckors
[l * Flame Length
-3, *+ Rate of Spread
-0+ Fireline Intensity
-3+ Heat/Unik Area
~Q * Crown Fire Sctivity
-3, + Solar Radiation
-+ 1hr Fuel Moisture
43, + 10hr Fuel Moisture
g+ Midflame windspeed
10+ Horizontal Movemnent Rate
-3, + Max Spread Direction
-3, + Elliptical Dimension a
-3, + Elliptical Dimension b
-3 + Elliptical Dimension c

Rl [

Ready |Entire Landscape (Default) |Flame Length é

Figure 6-13—Outputs from a basic fire behavior run with the spread vectors and flame length themes showing.

a. Double-click on Spread Vectors to turn the theme on and off. When the
blue arrow becomes a red X, the theme is turned off.

b. Display and look at the themes (fig. 6-13).

6. Change the units for the Flame Length theme to feet, and save the file as
“If nt fl.asc” to the outputs folder. Where “If”” refers to LANDFIRE, “nt”
is no treatment, and “fl” is flame length.

a. See the Changing the display and/or units of a theme and Saving a
theme for further mapping and analysis in ArcGIS sections for more
details on how to do this.

7. Change the units for the Rate of Spread theme to ch/hr, and save the file as
“If nt ros.asc” to the outputs folder. Where “If” refers to LANDFIRE, “nt”

is no treatment, and “ros” is rate of spread.
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8. Save the Crown Fire Activity theme as “If nt cfa.asc” to the outputs folder.
Where “If” refers to LANDFIRE, “nt” is no treatment, and “cfa” is crown

fire activity.

TIP: The default modeled fire behavior units are metric (e.g., m, kW/m, k/hr).
If you would like to save the themes in English units (e.g., ft, mph) you need to
change the units before you save the theme.

Exercise 6-2: Running FlamMap3 to produce minimum travel time (MTT)
outputs for a single ignition—

This exercise will use the If notreat.lcp created in Exercise 4-20. If you have not
completed this exercise, do so now, or download the exercise outputs folder and use
the outputs located in the Landscape folder within.

To run MTT, a fire ignition is needed (this can be a point, line, or area). This
exercise will demonstrate how to create an ignition in FlamMap3 and how to use it
for the MTT run.

Select the drip torch button on the FlamMap3 menu bar. The drip torch button
is a toggle button and remains activated until you select another button such as the
arrow button on the toolbar. This is similar to the pan tool in ArcMap, or the Select
Stand button in ArcFuels. You know it is activated when you mouse over the map
and you see a drip torch. Play around a bit to get the feeling.

» A left-click of the mouse followed by a right-click of the mouse will

put down a point ignition. This can be repeated to have multiple

point ignitions.

» Successive left-clicks will create a segmented line ignition connecting

the points on the map where you clicked.

*  Successive left-clicks followed by a right-click will create and area
ignition, connecting the points with a line, and then connecting the first

and last click location.

*  Two successive left-clicks with the mouse followed by a right-click will

create a single line.

You can manage the ignitions by going to Options=> Ignitions. Clear all your
ignitions before proceeding.
1. Create any ignition you would like (point, line, or area). Then save the igni-
tion (Options=> Ignitions = Save to File) as a shapefile in your outputs
folder. Name the shapefile “ignition.”

157



GENERAL TECHNICAL REPORT PNW-GTR-877

158

Create a new run, and select the Inputs tab (see fig. 6-10 for basic set up

minus the name).

a.

b.

f.

Run name: type “No treat — MTT” in the text box.

Fuel Moisture File (*fms): navigate to and load the mtemily_fuelmois-
ture.FMS from the data folder.

Select the radio button to the left of Wind Direction.

1.  Windspeed (MPH @20): type “15” in the text box.
ii. Azimuth (Degrees): type “225” in the text box.
Foliar Moisture Content (%): type “100” in the text box.

Select the radio button to the left of Use Fuel Moisture Conditioning.

i.  Weather file (*wtr): navigate to and load the mtemily weather.wtr
from the data folder.

ii. Wind file (*wnd): navigate to and load the mtemily_wind.wnd from
the data folder.

iii. Fuel Moisture Conditioning Period set the Start date to “8/10” and
the End date to “8/14.” Set the Start and End times to “13:00 PM.”

Click Apply.

3. Select the Fire Behavior Outputs tab.

a.

C.

Processor Usage and Memory/Disk Usage: leave the default values in

place.

Crown Fire Calculation Method: select the radio button to the left of
Scott/Reinhardt (2001).

Click Apply.

4. Select the Minimum Travel Time tab (fig. 6-14).

a.

b.

Select the radio button to the left of From File. Then either click Load
Current Ignitions or use the navigation button to select the ignition.
shp just created.

Resolution of calculations (distance): type “90” in the text box.
Remember that this should always be a multiple of the input data reso-

lution.

Maximum Simulation Time: type “0” in the text box. This allows the

whole landscape to burn.
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Run:NewRun x|

|npuits I Fire BEehavior Outputs  Minimumn Travel Time | Treatment Optimization kModel I

— |anitians

% Fram File |Laad Current lanitions |
IE:'xaru:fuels"-.u:uutputs"-.igniti-:un.shp |

£~ Fandam
MHurnber af Randarn [gnitions: 100 =

Ratation Direction for node lattice [degrees]:|225 3:

— Inputz

Resalution of calculations[distance]; |30

b airnunn Sirulation Time [minutes, 0 = Unlimited, per Ignitiu:un]:lﬂ 3:
Interal fior Mirimum Travel Paths [-:Iist-znr‘u:e]:l3':”:I 3:

— Dutputs
W Fate of Spread Grid [ Flow Paths [T Bum Probakilities
: : [Frandon [gritions
V' Influence Grid IV Major Paths Drily]

W Arival Time Giid ¥ Aival Time Contour
¥ Fire Intensity kap

Select All I Remowve Al

Launch | k. | Cancel | Apply | Help

|In|:-uI:s (4 |11 oukputs selected |Existing outputs up ko date

Figure 6-14—Minimum Travel Time tab for MTT behavior run in FlamMap3.

d. Interval for Minimum Travel Paths (distance): type “300” in the text

box, meaning 300 m.
e. Under Outputs click Select All.
f.  Click Apply and then click Launch.
g.  Once the run has completed, click OK to close the run window.

5. Expand the No treat — MTT section in the tree pane to see the outputs (fig.

6-15). As with the basic outputs, the vector themes can be turned on and off
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E"‘ FlamMap - [FlamMap1 - If_notreat.lcp] = |EI|£|

@ File Theme Analysis drea Wiew Options ‘Window Help -1&] x|

= # FlamMap1
------ + CharcfuelshoutputstF_notreat.lcp
Ei + puxiliary Themes
B # Analysis Areas
E'ﬁ + Entire Landscape (Default)
- # Themes
------ Q_ + Elewvation
...... Q-+ Slope
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...... [@ * Rate of Spread
------ @, + Fireline Intensity
------ Q_ + Max Spread Direction
------ @, * Elliptical Dimension a
------ Q, * Elliptical Dimension b
------ @, + Elliptical Dimension c
...... Q + MTTROS

------ Q * MTTFLIMap

------ Q, + MTT Arrival Time
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DESE S|+ = &M 2| || Relefhading azinutre [315 =] Intensive [15 =] Appy |

Ready |Entire Landscape (Default) |Rate of Spread

i

Figure 6-15—MTT fire behavior outputs with MTT ROS shown in the display pane of FlamMap3.

by double-clicking the blue check and the other themes can be viewed by
clicking on their names.
6. Turn on the MTT Flow Paths and the MTT Major Paths.

a. The paths are vector outputs of the minimum travel time between

nodes (the distance is user-defined). The flow paths are all the points
from node to node, whereas the major paths are only the most signifi-
cant fire spread pathways. If the resolution of the calculations is small,

the flow paths can be overwhelming.

b. Save the MTT Major Paths as “If_nt_mtt_major_paths.shp” to the out-
puts folder.




The MTT major flow
paths can be brought into
ArcMap for a look at the
effect of fuel treatments on
the paths. The MTT major
and flow paths are valuable
outputs for comparing the
effectiveness of fuel treat-
ments (fig. 6-16). The paths
are a good way to visualize
what the fuel treatments do
to the forward progression
of fire. Figure 6-16 shows
that the treatments that are
narrow (perpendicular) to
the fire spread are virtually
ineffective at slowing the
fire, whereas wider treat-

ments often stop the fire
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1 Miles

LO 0.250.5 J

|:| Treatment units

= No treatment MTT major flowpaths
= Posttreatment MTT major flowpaths

Figure 6-16—MTT fire Major Paths for the no-treatment alterna-
tive (blue) and posttreatment alternative (red) with the treatment
units in gray. This is one way to see how treatment units affect
fire spread. As the flow paths reach the treatment units posttreat-
ment, they typically stop at the edge of the unit or find a different
path through. Narrower treatment units are not as effective at
stopping or slowing the forward progression of the fire.

progression quickly. To create a map similar to figure 6-16, a second MTT run in

FlamMap needs to be completed with the If_rt20.lcp created in Exercise 4-21.

Exercise 6-3: Running FlamMap3 to produce burn probability

for random ignitions—

In this exercise, MTT will be used again but this time with randomly placed

ignitions to create a burn probability map. This exercise will use the If notreat.

lep created in Exercise 4-20. If you have not completed this exercise, do so now, or

download the exercise outputs folder and use the outputs located in the Landscape

folder within.

1. Create a new run, and select the Inputs tab (see fig. 6-10 for basic set up

minus the name).

a. Run name: type “No treat — MTT BP” in the text box.

b. Fuel Moisture File (*fms): navigate to and load the mtemily_fuelmois-
ture.FMS from the data folder.

The MTT major and
flow paths are valuable
outputs for comparing
the effectiveness of
fuel treatments. The
paths are a good

way to visualize what
the fuel treatments

do to the forward
progression of fire.

161



GENERAL TECHNICAL REPORT PNW-GTR-877

162

C.

f.

Select the radio button to the left of Wind Direction.

i.  Windspeed (MPH @20’): type “15” in the text box.

il. Azimuth (Degrees): type “225” in the text box.

Foliar Moisture Content (%): type “100” in the text box.

Select the radio button to the left of Use Fuel Moisture Conditioning.

1. Weather file (*wtr): navigate to and load the mtemily weather.wtr
from the data folder.

ii. Wind file (*wnd): navigate to and load the mtemily wind.wnd from
the data folder.

iii. Fuel Moisture Conditioning Period: set the Start date to “8/10” and
the End date to “8/14.” Set the Start and End times to “13:00 PM.”

Click Apply.

Select the Fire Behavior Outputs tab.

a.

C.

Processor Usage and Memory/Disk Usage: leave the default values in

place.

Crown Fire Calculation Method: select the radio button to the left of
Scott/Reinhardt (2001).

Click Apply.

Select the Minimum Travel Time tab (fig. 6-17).

a.

Select the radio button to the left of Random and then type “2500” in
the text box to the left of Number of Random Ignitions.

Resolution of calculations (distance): type “90” in the text box.

Maximum Simulation Time: type “480” in the text box; 480 min is

equivalent to 8 hrs, which is a single burn period or fire day.

Interval for Minimum Travel Paths (distance): type “300” in the text
box. This is the default value.

Click Apply and then click Launch. This will take about 30 min to

complete.
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Run:NewRun x|
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Figure 6-17—Minimum Travel Time tab for MTT burn probability run in FlamMap3.

f.  Once the run has completed click OK to close the run window.

4. Expand the No treat — MTT BP section in the tree pane to see the burn
probability output (fig. 6-18).

5. Save the Burn Probabilities theme as “If nt_bp.asc” to the outputs folder.
Where “If” refers to LANDFIRE, “nt” is the no-treatment alternative, and
“bp” is burn probability.
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Figure 6-18—MTT burn probability theme in FlamMap3 where the darker purple is higher burn probabilities and the tan is
lower for the no-treatment alternative.

Exercise 6-4: Running the treatment optimization model (TOM) in
FlamMap3—

The Treatment Optimization Model will use the ignition created in Exercise 6-3.
This exercise will also use the If _notreat.Icp created in Exercise 4-20. If you have
not completed these exercises, do so now, or download the exercise outputs folder
and use the outputs located in the Landscape folder within. To run TOM, two LCP
files are required, one representing current conditions (or the no-treatment alterna-
tive) and an ideal landscape. The first step in this exercise will use ArcFuels to
create the ideal landscape LCP using the ideal trt grid, which is a 0/1 grid where
about two-thirds of the landscape is coded as 1, or available for treatment.
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1. Open ArcFuels and load the demonstration data layer. Click the Land-
scape button on the ArcFuels toolbar, then select Build FlamMap
Landscape from the drop-down list. Select the Using ArcGIS Grid
Data tab (fig. 6-19).

i

Iising FYS Database  Using ArcGIS Grid Data I Ising Multiple Sources |

ArcaIS Grid Layers Linits The output boundaries are based on:
Elewvation elevation || meters | e I el ation ﬂ
Slope slope x| degrees =
 UTM Coordinates 1 ISDSDQS?.?SD‘
Aspeck aspeck |~

; ; Iﬁ W|4D?886.84432 E |415836. 5443
Diskance Units meters |«
S |502564?.?30£
Latitude I 45

v apply Treatment Adjustments

Treatment Type Database I C:\arcfuelshdatal Treatment _adjustments. mdb |
Treatment Location Grid | ideal_krk | Treatment Adjustment Table | example_treatment_adjust » |
Treatment Type Grid ideal_trk lhd Treatrment Type ID Field kreat_type |=]
ArciclS Grid Layers Lnits Treatment Adjustment Fields

Fuel Madel If_fbfrm40 [ = | Fr_adj =

Canapy Cover IF_cc || percent x| % | cc_adi = [~ Replace
Canopy Height IF_ch x| meters,*10 w| % | ch_adi = [~ Replace
Canopy Base Height | IF_cbh =|| meters,*10 w| % | chh_adj = [~ Replace
Canapy Bulk Density | IF_cbd x| kgim3,*100 >| % | cbd_adj x| I Replace
LCP Cukput File I CiharcFuelsh outputs\IF_ideal_krt.lcp

Build LCP | Create Arc Grids |

Close |

Figure 6-19—Using ArcGIS Grid Data tab setup to create the ideal landscape LCP from LANDFIRE data.

a. Elevation: select elevation and meters from the drop-down lists.

b. Slope: select slope and degrees from the drop-down lists.

c. Aspect: select aspect from the drop-down list.
d. Distance Units: select meters from the drop-down list.

e. Latitude: type “45” into the text box.
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n.

0.

The output boundaries are based on: select the Grid Layer radio but-

ton, then select elevation from the drop-down list.

Apply Treatment Adjustments: check the box to the left. This will make

more options available.

i. Treatment Type Database: navigate to and select the Treatment_

adjustments.mdb in the data folder using the navigation button.

ii. Treatment Location Grid: select ideal_trt from the drop-down

menu.

iii. Treatment Type Grid: select ideal_trt from the drop-down menu.

iv. Treatment Adjustment Table: select example_treatment_adjustment
from the drop-down menu.

v. Treatment Type ID Field: select treat_type from the drop-down

menu.

Fuel model: select If _fbfm40 and fm_adj from the drop-down lists.

Canopy Cover: select If cc, percent, and cc_adj from the drop-down

lists.

Canopy Height: select If_ch, meters,*10, and ch_adj from the drop-

down lists.

Canopy Base Height: select If _cbh, meters,*10, and cbh_adj from the

drop-down lists.

Canopy Bulk Density: select If cbd, kg/m3.*¥100, and cbd_adj from the

drop-down lists.

LCP Output File: using the navigation button name the LCP “If ideal

treat” and save it in the outputs folder.
Click the Build LCP button.

Click Close to close the Build LCP form.

Open FlamMap3 and load the If_notreat.lcp if not already loaded. Create

a new run, and select the Inputs tab (see fig. 6-10 for basic setup minus

the name).

a.

Run name: type “TOM” in the text box.



f.
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Fuel Moisture File (* fms): navigate to and load the mtemily_fuelmois-
ture.FMS from the data folder.

Select the radio button to the left of Wind Direction.

i.  Windspeed (MPH @20°): type “15” in the text box.

ii. Azimuth (Degrees): type “225” in the text box.

Foliar Moisture Content (%): type “100” in the text box.

Select the radio button to the left of Use Fuel Moisture Conditioning.

i.  Weather file (*wtr): navigate to and load the mtemily _weather.wtr
from the data folder.

ii. Wind file (*wnd): navigate to and load the mtemily wind.wnd from
the data folder.

iii. Fuel Moisture Conditioning Period: set the Start date to “8/10” and
the End date to “8/14.” Set the Start and End times to “13:00 PM.”

Click Apply.

3. Select the Fire Behavior Outputs tab.

a.

C.

Processor Usage and Memory/Disk Usage: leave the default values in

place.

Crown Fire Calculation Method: select the radio button to the left of
Scott/Reinhardt (2001).

Click Apply.

4. Select the Treatment Optimization tab (fig. 6-20).

a.

Ignition file: use the navigation button to select ignition.shp from the
outputs folder.

Resolution of calculations (distance): type “90” in the text box.

Ideal Landscape: use the navigation button to select If _ideal treat.lcp

from the outputs folder.

Maximum Treatment Dimension (m): type “300” in the text box; this is

the default value.
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Figure 6-20—Treatment Optimization Tab set up.

e. [lterations/Treatment Level (1-5): type “1” in the text box; this is the

default value.

f. Treatment Fraction: type “0.2” in the text box; this is the default value.
According to the FlamMap3 help guide, this value should be between
0.1 and 0.3 to optimally place treatments. It has been found that values

below 0.05 do not change enough of the landscape and values above 0.5

are no better than random.



g.  Under Output, select Treatment
Opportunities Grid and Treatment Grid.

h. Click Apply and then click Launch. This

run should take about 15 to 30 minutes.

i.  Once the run has completed click OK to

close the run window.

Expand the TOM section in the tree pane

to see the outputs (fig. 6-21). Note that the
outputs are for the entire landscape this time,
unlike in the MTT run. Display the vari-

ous themes. With the TOM run the most-
used output for fuel treatment planning is
the Treatment Grid (fig. 6-21), a 0/1 grid that
represents the TOM solution. TOM does not
apply the treatments, but rather creates a map
that can be exported and used in fuel treat-
ment planning.

Name and save the Treatment Grid as “If
tom20.asc” in the outputs folder. Where “1f”
refers to LANDFIRE, “tom” is the fact that
it was a TOM run, and “20” is the treatment

fraction used.
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Figure 6-21—FlamMap3 TOM

treatment grid, where black indicates

suggested treatment blocks.

The TOM treatment grid
is the optimal spatial
pattern of treatment
locations to stop

the forward spread

of a specific fire.
Treatments themselves
are not “applied” in
TOM but there are tools
specific to ArcFuels
that use the TOM
treatment grid to create
a treatment LCP for
further modeling in
FlamMap.
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The scenarios provided
highlight the uses of
ArcFuels in conjunction
with other programs
such as FlamMap3,
ArcGIS, Excel, and
Access to complete
these processes.

The scenarios are

not all-inclusive but
should provide a good
foundation for fuel
treatment planning.
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Chapter 7

Fuel Treatment Planning Scenarios Using ArcFuels

This section contains fuel treatment planning scenarios to highlight the use of
ArcFuels. The scenarios are meant to serve as a foundation for planning documents
(such as fire and fuels specialist reports for an environmental impact statement (EIS)
or environmental assessment (EA)). Figure 7-1 is a simplistic flow chart of the fuel
treatment planning process. ArcFuels was designed to assist in the middle processes:
designing the no-treatment alternative, designing fuel treatment alternative(s), and
analyzing the effects of the fuel treatment alternatives. The scenarios provided
highlight the uses of ArcFuels in conjunction with other programs such as Flam-
Map3, ArcGIS, Excel, and Access to complete these processes. The scenarios are not
all-inclusive but should provide a good foundation for fuel treatment planning.

The following scenarios will use outputs created in the Tools and Introduction
to Fire Behavior Modeling with FlamMap3 sections of this User Guide and Tuto-
rial. If you have not completed the exercises you may do them when referred to or
download the optional exercise outputs from http:/www.fs.fed.us/wwetac/arcfuels/

downloads.html.

Pre-planning
Acquire data and verify for accuracy

N

A\
[ Design the no-treatment alternative

Update data as needed
Analyze to identify problem areas

N

A\

Design fuel treatment alternative(s) ]
s

Locate fuel treatment units or use pre-defined plan

N
\/ Figure 7-1—Simplistic
flow chart of fuel
Analyze the effects of the fuel management planning
treatment alternatives process. ArcFuels
Wildfire hazard and risk assessements, effects V}Vlas d?(is(lﬁned to assist
. t :
on values at risk, forest health, etc. q © [miccie processes
esigning the no-
treatment alternative,
designing fuel treatment
vV alternative(s), and
C Complete planning documents analyzing the effects
of the fuel treatment

alternatives.
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Evaluating Wildfire Hazard

Wildfire hazard is a metric defined by end users in different ways. Some discuss
wildfire hazard in terms of the proximity to the wildland-urban interface (WUI)
while others may discuss fire hazard in terms of ambient weather conditions, fuel
loading, crown fire potential, fire intensity, or the likelihood of burning.
Simplifying and combining modeled fire behavior outputs into a matrix
(fig. 7-2) or map is a useful way to visualize and quantify differences in fire
hazard. Fire hazard can be linked to fire suppression effectiveness by using pre-
dicted flame length and crown fire activity modeled in FlamMap3. Flame length
can be categorized based on hauling categories directly related to suppression tools
and effectiveness (Rothermel 1983; table 7-1). The categories (i.e., low, moderate,
etc.) within the matrix may differ by location and fuel type; this is only an example

matrix.

Figure 7-2—Example wildfire hazard matrix based on flame length categories and
crown fire activity. Hazard ratings include low, moderate (mod), high, and extreme
(extr). Crown fire activity is a categorical output modeled in FlamMap3 where no fire
= 0, surface fire =1, passive crown fire = 2, and active crown fire = 3.

Wildfire hazard can be summarized for an entire landscape or for any smaller
area within or for an attribute such as StandID, vegetation type, or fuel model. In
the example below, wildfire hazard will be summarized only within the Mt. Emily

project area (this is the area defined by the mt_emily_stands layer and does not

include the area outside making up the larger box) using existing conditions (also
known as the no-treatment alternative) data. The hazard map can then be used to
highlight “hot spots” indicating the potential need for treatment. The same process
can be completed for any number of fuel treatment alternatives where the results
can be compared as a means of testing the effectiveness of reducing wildfire hazard.

The steps required to do this type of analysis are:

1. Acquire existing condition data and update if necessary.

2. Run FlamMap3 to obtain flame length and crown fire activity.
3. Create a wildfire hazard map.
4

Summarize wildfire hazard.
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The following example will complete the above steps with fire-modeled outputs
(Exercise 6-1) for the no-treatment alternative (Exercise 4-20). If you have not
done the exercises, please do so now, or use the files in the exercise outputs folder.
The example will build upon skills gained in the ArcFuels Tools and Introduction
to Fire Behavior Modeling with FlamMap sections; please refer back to these

sections for more detail about the forms or processes mentioned.

Step 1: Acquire existing condition data and update if necessary—
The supplied LANDFIRE data will be used. For this scenario, they are assumed to
be accurate and not in need of updating.

Step 2: Run FlamMap3 to obtain flame length and crown fire activity—
Before FlamMap3 can be run, the input LCP file must be built. The existing condi-
tions LCP (If_notreat.lcp) built in Exercise 4-20 from LANDFIRE data will be
used in FlamMap3.

FlamMap3 was run to characterize flame length and crown fire activity for the

no-treatment alternative (If_nt_fl.asc and If_nt_cfa.asc) in Exercise 6-1.

Step 3: Create a wildfire hazard map—
In this step, flame length will be reclassified based on the hauling chart values
(table 7-1). Next, the reclassified flame length and crown fire activity grids will be

combined to create a hazard grid using the hazard matrix (fig. 7-2).

Table 7-1—Hauling category table adapted from Rothermel (1983), which related flame
length to fire suppression effectiveness

Flame length  Fireline intensity ~ Description

Feet
<4

4-8

8-11

>11

Btu/fs/s
<100 Fires can generally be attacked at the head or flanks by
persons using hand tools. Hand line should hold the fire.
100-500 Fires are too intense for direct attack on the head by
persons using hand tools. Hand line cannot be relied
on to hold fire. Equipment such as dozers, pumpers,
and fire-retardant aircraft can be effective.

500-1,000 Fires may present serious control problems—torching
out, crowning, and spotting. Control efforts at the fire
head will probably be ineffective.

>1,000 Crowning, spotting, and major fire runs are probable.

Control efforts at head of fire are ineffective.
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Figure 7-3—Reclassify form in ArcMap setup to reclassify flame length outputs modeled in

FlamMap3 for the no-treatment alternative.

1. Convert the flame length (If _nt_fl.asc) and crown fire activity (If_nt_cfa.
asc) ASCII files to grids using the Convert Ascii to Grid form in ArcFuels
(ArcFuels Toolbar=>» Conversion=> Convert Ascii to Grid).

a. Convert and add to the map the If nt cfa.asc file as an Integer, and

convert the If_nt_fl.asc file as a Floating point with the Spatial

Reference defined for both.

Reclassify the converted flame length grids using the Reclassify tool in

ArcMap (ArcToolbox=> Spatial Analyst Tools=> Reclass=> Reclassify,

fig. 7-3).

a.

Input raster: select If nt_fl from the drop-down list.

b. Reclass field: select Value from the drop-down list.
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Figure 7-4—Classification form set up to reclassify flame length into five categories.

C.

Changing the display
to the categories
desired does not
change the values in
the grid. The Classify
tool is used to change
the values and create a

new grid. d.
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Click the Classify button to open the Classification form (fig. 7-4).

i. Method: select Equal Interval from the drop-down list to change
the number of Classes.

ii. Classes: select 5 from the drop-down list.

iii. Break values: highlight the values and type in “0,” “4,” “8,” and

“11” for the first 4 values; leave the last value as it appears. After
this is done, the Method will default to Manual (fig. 7-4).

iv. Click OK to apply the changes and return to the Reclassify form.

Set the New values to be the upper end (highest amount within its

range of flame heights) of the Old values, which correlates to the flame

length categories used in the prior step (fig. 7-5).
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e. Output raster: name the out- Ol tralu e New values
put raster “If nt fl ¢” and
save it in the outputs folder. 3 - ; ;
The “c” at the end signifies 5710 1
this is a classified version of 11 - 138 726354 139
MoData MoData
the flame length output. . —
Figure 7-5—New values for reclassification of
f.  Click OK to close the flame length.

Reclassify form and complete the reclassification.

TIP: If your maximum flame length value is around 40 instead of about 140,
you saved the output in meters instead of feet. Redo Exercise 6-1 and be sure to
change your units to feet before saving the ASCII file.

3. Combine the reclassified flame length and crown fire activ-
ity grids using the Combine tool (ArcToolbox-=> Spatial Analyst
Tools=>» Local=> Combine, fig. 7-6).
a. Inputrasters: select If nt fi_c and If nt cfa from the drop-down list.

b. OQutput raster: name the grid “If nt haz” and save it in the outputs
folder. The “haz” at the end indicates that this is the hazard grid.

o
e
Inpuk raskers —
| x|
ZIF_nt_fl ¢ +
ZIF_nt_cfa e
x
.
+
Output rasker
IC:'l,aru:FueIs'l,u:uutputs'l,lf_nt_haz ﬁl 3
(] 4 Cancel Envvironments. . . Show Help == |

Figure 7-6—Combine form in ArcMap used to combine the categorized flame length and
crown fire activity grids.
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c. To only include areas within the Mt. Emily area, click the

Environments... button on the Combine form, expand >>Raster

Analysis Settings and under Mask select stands from the drop-down

list. Click OK to apply the changes.

i.

d. Click OK to complete the combine.

If this step is not completed the join will be of the entire rectangu-
lar extent of the LANDFIRE data.

4. Open the attributes table for If nt haz and add a new text field (Attributes
Table = Options>Add Field...) named “HAZARD.”

a. Use the Field Calculator (right-click on the HAZARD heading, then
select Field Calculator from the menu) to type the values identified in

your hazard matrix shown in figure 7-2 (fig. 7-7 shows this step com-

pleted). This can be done one field at a time, or for multiple fields.

i
Rowid [ VALUE* | COUNT | LF_HT_CFA | LF_HNT_FL_C HAZARD
0 1 85417 2 139 [EXTREME
1 2 45251 1 4 L
2 3 8631 2 g |MODERATE
3 4 1802 2 4 L
4 = 13910 2 11 |HIGH
= 53 7ETE 1 g Loy
53 7 357 3 139 [EXTREME
7 g 1768 1 11 |MODERATE
g 9 16720 1] 0 |MORNE
9 10 1 1 139 [HIGH
Record: ﬂjl n ﬂﬂ Show: W Selected Records (0 j

Figure 7-7—Attributes table for the If nt haz grid with the added hazard field filled in.

TIP: When you are using the Field Calculator, text entries must be enclosed in
quotations (e.g., “LOW”).

selected the change will be applied only to the selected field(s).

TIP: The Field Calculator can be used to assign values to one or more fields
at a time. If no fields are selected, the change will be applied to all; if fields are

NOTE: This can also be completed with the Editor tool in ArcMap.
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5. In ArcMap, change the display of If nt_haz to show the hazard field (fig. 7-8a).

a. Right-click on the grid name

A No treatment B Treat 20 percent

in the table of contents, select
Properties from the list, and
select the Symbology tab.

b. Show: select Unique Values
from the options in the box.

c. Value field: select HAZARD

from the drop-down list.

d. Set NONE to be black, LOW
to be green, MODERATE
to be yellow, HIGH to be
orange, and EXTREME to be

Hazard classes

Il None High
red to match that of the haz- MLow M Extreme o 2 4
Moderate L1 Imi

ard matrix (fig. 7-2).

Figure 7-8—Wildfire hazard maps for the no-treat-
ment (A) and treat 20 percent (B) alternatives.

e. Click OK to close the form.

If you were starting to plan fuel treatment locations and you only have exist-
ing conditions data, you can create a hazard map to identify places of high hazard
to use in the planning process. Just because a location has elevated hazard does
not mean it needs to be treated; based on vegetation type or fire regime grouping
it might be fine if it burns at a higher intensity. However, if high hazard is also
coupled with high likelihood of burning or is near or within an area with highly
valued resources, it might be more important to treat a given area. These methods
can be repeated for any number of fuel treatment alternatives for comparison.
Figure 7-8 displays wildfire hazard for the no-treatment alternative created in the
steps above and an alternative in which 20 percent of the landscape was treated.

Step 4: Summarize wildfire hazard—
Maps are useful aids for visualizing the impact of fuel treatment alternatives on fire
hazard. However, for reports and documents, the change often needs to be quanti-
fied. There are many ways to summarize the data. Below is one example using the
Summary option available within the attributes table. For comparison, the no-
treatment alternative is compared to one in which 20 percent of the landscape was
treated; however, only the no-treatment alternative is demonstrated.
1. Open the If nt_haz attributes table. Right-click on the HAZARD column

and select Summarize... from the menu (fig. 7-9).

Maps are useful

aids for visualizing
the impact of fuel
treatment alternatives
on fire hazard.
However, for reports
and documents, the
change often needs to
be quantified.
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summarize 2 x|

Summarize creates a new table containing one record for each unigue value
aof the zelected field, along with statizticz summarizing any of the other figlds.

1. Select a field to summarize:

HAZARD |
2. Chooge one or more summary statistics to be included in the
output table;
Fiovaid (E5S
Vel LE
= COUMT
[T Miriirrium
[ Masimurn
[ Average
Sum
[] Standard Dreviation
[ ariance =
LF_MT_CFA LI

3. Specify output table:

II:: harctuelzoutputsiH azarddrea, dbf

[T Summarize on the selected recands only

About Summarizing D ata | k. I Cancel

Figure 7-9—Summarize form set to calculate area by hazard class.

a.

d.

c.

Select the field to summarize: select HAZARD from the drop-down
list.

Choose one or more summary statistics to be included in the output
table: expand COUNT, then select Sum from the options.

Specify output table: name the output table “Hazard Area.dbf” and save
it in the outputs folder.

Click OK to complete the summary.

When the Summarize Completed window opens, click No.

Open the Hazard Area.dbf file with Excel (fig. 7-10). HAZARD is the haz-

ard classes, Cnt HAZARD is the number of times that hazard class was
assigned, and Sum_COUNT is the number of 30 m pixels that are within

the hazard category. To calculate area in acres, multiply Sum_COUNT by
0. 0.222394, because each pixel is 900 m? (30 m by 30 m pixel) and 1 m? is
equal to 0.0002471044 ac (table 7-2).
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About half of the Mt. Emily B] HazardArea.dbf

landscape was categorized as A B c

extreme hazard. The map can be 1 |HAZARD  Cnt HAZARD Sum_COUNT
used in conjunction with other 2 |[EXTREME - 7 - 85774
data such as forest type, values at 3 |HIGH 2 13911
risk, road networks, etc., to devise 4 LOW 3 54731
treatment alternatives to reduce the || 3 WMODERATE 2 10339
landscape hazard. 6 NONE 1 16720

Figure 7-10—Hazard Area table where the values counts
of 30 m pixels.

Table 7-2—Wildfire hazard comparison for the Mt. Emily
project area for the no-treatment and treat 20 percent
alternatives

Hazard No treatment Treat 20 percent
Acres Percent Acres Percent
None 3,718 9 3,718 9
Low 12,172 30 18,401 46
Moderate 2,313 6 2,035 5
High 3,094 8 2,672 7
Extreme 19,076 47 13,565 33
Total 40,373 100 40,373 100

A wildfire risk

assessment has two

; ; major components.
NOTE: To summarize for other attributes such as StandID or fuel model, the A wildfi
. ) wildfire exposure
Combine tool would need to be used to combine the flame length, crown fire P

analysis considers
the likelihood of a

fire occurring and

activity, and another grid (i.e., stands or If fbfm40 for existing conditions or

If trt fm for the treat 20 percent alternative) before the Summary is completed.

For more help with GIS download and use, the GIS Tips and Tricks Guide avail-
the associated fire

able at http:/www.fs.fed.us/wwetac/arcfuels/downloads.html.

behavior related to a
o ) ) o highly valued resource.
Wildfire Risk Assessment: Creating a Wildfire Exposure

Scatter Plot . ,
analysis also considers
Wildfire risk is the likelihood of a fire occurring, the associated fire behavior when the likelihood and

a fire occurs, and the effects of the fire (Calkin et al. 2010, Finney 2005, Scott
2006). Although the effects can be both positive and negative, in the field of wildfire

risk the benefits are most often not considered. Wildfire risk mitigation is achieved

A wildfire effects

behavior of a fire in
addition to the effect
of the fire on a highly
when any of the three aspects (likelihood, behavior, or effects) are reduced.
valued resource.
Burn probability modeling represents a major advancement in wildfire behavior
modeling compared to previous methods, such as those in which fire likelihood

was quantified with relatively few (<10) predetermined ignition locations. Now
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thousands of fires can be simulated relatively quickly. Burn probability (BP) is an
estimate of the likelihood of a pixel burning given a single random ignition in the
landscape and is calculated as:
BP =F/n

where F is the number of times a pixel burns and n is the number of fires simulated.

Wildfire risk assessments are becoming more common in the research and
management communities. When fire effects are not quantified but are summarized
with respect to any resource or value of interest the assessment is called a “wildfire
exposure analysis.” If no values or resources are considered, this is called a “proba-
bilistic wildfire hazard assessment.” Probabilistic wildfire hazard (combination
of burn probability and flame length) is most often mapped and summarized by
location or area (fig. 7-11). Scatter plots (fig. 7-12) can be created to visualize differ-
ences in wildfire exposure for individual resources (e.g., forest stands, structures,
or values at risk), and can be used to compare the effects of fuel treatment alterna-
tives on wildfire exposure. They can be created from point data (e.g., structure
location) or from area data (e.g., forest type). When using area data, fire behavior
information must first be summarized (e.g., average value for the polygon). Figure
7-12 (Ager et al. 2010) is an example of a wildfire exposure scatter plot for struc-
tures within the Mt. Emily area. The scatter plots highlight changes in wildfire
exposure for two treatment priorities, one to preserve large trees (SDEN) and the
other to protect structures (RDEN), for three treatment intensities (treating 0, 20,

and 66 percent, respectively).

A No treatment B Treat 20%

C
Flame length (ft)
Bum probability 1]

.- None (0) None

A : Low (1) None
Pro listic wildfire haza clasés Moderate (2) Nene
H None High High (3) None
4 II\-Aoov;erate. Extreme 0 1.25 2?" i Very high (@) —

Figure 7-11—Maps of probabilistic wildfire hazard for the no-treatment (A) and treat 20 percent (B)
fuel treatment scenarios and a sampleprobabilistic wildfire hazard matrix (C).
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Figure 7-12—Expected flame length and burn probability scatter plots showing values for individual
structures. The stand density (SDEN) and residential density (RDEN) priorities for the no treatment, 20
percent area treated, and 66 percent area treated are plotted. Points are averages of all pixels within a 45.7
m radius around each structure (figure 12 from Ager et al. 2010).

Because the mechanics behind creating wildfire hazard maps and summariz-

ing wildfire hazard are the same for probabilistic wildfire hazard, they will not be Scatter plots of burn

demonstrated in this section. The example below will demonstrate the creation of probability and flame

a wildfire risk scatter plot using the no-treatment alternative; the same steps and length can be used to

processes can be completed for treatment alternatives for comparisons of fuel treat- visualize the wildfire

ment effectiveness. exposure of individual

The steps required to do this type of analysis are: points or area units on

1. Acquire existing condition data and update if necessary. alandscape.
2. Run FlamMap3 fire behavior runs for the no-treatment alternative.
3. Summarize fire behavior values by forest type.
4. Create the scatter plot.
The following example will complete the above steps with fire-modeled out-
puts (Exercises 6-1 and 6-3) for the no-treatment alternative (Exercise 4-20). If
you have not done the exercises, please do so now, or use the files in the optional
exercise outputs folder. The scatter plot will show the change in wildfire exposure

for forest types within the landscape before and after treatment.

Step 1: Acquire existing condition data and update if necessary—
The supplied LANDFIRE data will be used. For this scenario, they are assumed to
be accurate and not in need of updating.

Step 2: Run FlamMap3 to obtain flame length and burn probability—

Before FlamMap3 can be run, the input LCP file must be built. The existing condi-
tions LCP (If_notreat.lcp) built in Exercise 4-20 from LANDFIRE data will be
used in FlamMap3.
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FlamMap3 was run to characterize flame length and burn probability for the

no-treatment alternative (If_nt_fl.asc and If_nt_bp.asc) in Exercise 6-1 and 6-3.

Step 3: Summarize fire behavior values by forest type—
To do this, first a grid of forest types needs to be created using the ArcMap Polygon
to Raster tool. Then the Zonal Statistics as Table tool in ArcMap will be used to
summarize burn probability and flame length by forest type.
1. Batch convert the flame length and burn probability ASCII files to grids
using the Batch Convert Ascii to Grid form in ArcFuels (ArcFuels
Toolbar=>Conversion=> Batch Convert Ascii to Grid).
a. Convert the If nt fl.asc and If nt bp.asc files as a Floating point with
the Spatial Reference defined for both. The If nt fl.asc was converted

in the Evaluating Wildfire Hazard scenario; a replacement warning

window will open if you completed that scenario.

2. Create a forest type grid using the Polygon to Raster tool (ArcToolbox
=> Conversion Tools=> To Raster->Polygon to Raster, fig. 7-13).
a. Input Features: select mt_emily_stands from the drop-down list.

b. Value field: select ForestType from the drop-down list.

c. Output Raster Dataset: save the grid as “forest_type” in the outputs
folder.

d. Cell assignment type (optional): keep the default CELL._CENTER.

Sl

=
Inpuk Features
I Demao_dakaimk_emily_skands ;I

‘alue Field
I FarestType
Outpuk Rasker Dataset

Cell assignment bype (optional)

| CELL_CEMTER

Priarity Field {optional)

G -
Cellsize (optional)

& 2|
(04 Cancel | | Environments. .., I Shiow Help == |

Figure 7-13—Polygon to Raster form set up to convert the forest type attribute of the stands polygon
to a grid file.

=
=
| Ciharcfuels\outputsiForest_type E
=
=
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e. Priority field (optional): keep the default NONE.
f. Cellsize (optional): type “30” in the text box.

g. Click the Environments... button to open the Environments Settings

form.

i. Expand the General Settings option.

ii. Snap Raster: select stands from the drop-down list. You might have
to scroll down to find this setting.

iii. Click OK to close the Environments Settings form.
iv. Click OK to create the forest type grid.

3. Complete summary statistics of burn probability by forest type using the
Zonal Statistics as Table tool in ArcMap (ArcToolbox=>Spatial Analyst
Tools=>Zonal-> Zonal Statistics as Table, fig. 7-14).

a. Input raster or feature zone data: select forest_type from the drop-

down list.
b. Zone field: select FORESTTYPE from the drop-down list.
c. Inputvalue raster: select If_nt_bp from the drop-down list.

d. Output Table: save the table as “If nt bp fortype zonal” in the out-
puts folder.

e. Click OK to complete the process.

* 2onal Statistics as Table =10l x|
Fe
Input raskter or Feature zone data —I
IFn:nrest_t':.fpe | @l
Zone figld
| FORESTTYPE |
Input walue raskter
[IF it bp x| =
Cutput table
I CharcfuelsioutpuksiIF_nk_bp_fortype_zonal ==
¥ lgnore MoD ata in calculations [optional]
[e
Ik Cancel Environments. .. Show Help == |

Figure 7-14—Zonal Statistics as Table form set to summarize burn probability by forest type.
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4. Repeat step 3 with the If nt fl grid, saving the output table as “If nt fl for-

type_zonal” in the outputs folder.

Step 4: Create the wildfire risk scatter plot—

1. Openthelf nt bp_fortype zonal table (fig. 7-15). You will need switch to
the Source tab at the bottom of the table of contents in ArcMap to see it,
then right-click and chose Open. Within the table, burn probability values

have been summarized (i.e., minimum, maximum, range) by forest type.

_ioix
Rowid FORESTTYPE ZOHE-CODE| COUHT AREA, MIH MaAx RANHGE MEAH STD SUM
1 | Grand fir 1 5382 | 43594200 o 01156 01156 | 0078576 | 0.01956 42451199
2 |Monforested 2 4328 | 35056800 o 01172 01172 0048018 | 004115207 82159
3 | Douglas-fir 3 4381 | 35486100 o o152 01152 | 0075608 | 0020631 | 331 2382
4 |Ponderosa pine 4 4439 | 35955900 o 01152 01152 0.05345 | 0.027093 |237.39639
5 \Western larch H B35 2545300 | 00224 01112 00853 | 0071192| 0.0190M19 | 45.7E6S
6 | Subalpine fir 5] 435 3523500 | 00665 | 01124 00456 | 0080318 0.0102 | 39549185
7 |Lodgepole pine 7 125| 1012500 00372 | 01076 0.0704 007208 | 0015079 9.
g |Engelmann spruce ] 120 972000 | 00645 | 00924 00276 | 0077317 | 0007053 9275
9 |Engelmann spruce-subalpine fir k| 275 2227500 | 00604 | 04092 00455 | 0035075 | 0007666 |23.395589
Record: ﬂﬂl ] ﬂﬂ Show; W Selected | Records (0 out of 9 Selected) Oplions - |

Figure 7-15—Zonal statistics table for forest type and burn probability.

2. Openthelf nt i fortype zonal table to see the flame length summarization.

3. Create a new Excel workbook called “ForestTypeScatterPlot.x1xs” in the

outputs folder. The information that will need to be copied into an Excel
spreadsheet is FORESTTYPE and MEAN for burn probability and flame
length (fig. 7-16).

L= = N R = VR B R SRR R

Forest Type

Grand fir
Monforested
Douglas-fir
Ponderosa pine
Western larch
Subalpine fir
Lodgepole pine
Engelmann spruce

B

Nt BP

0.0729
0.04380
0.0756
0.0535
0.0712
0.0909
0.0721
0.0773

10 |Engelmann spruce-subalpine fir 0.0851

C D E
Nt FL | Tri20 BP Trt20 FL
19.07 0.0408 1171

6.30 0.0266 6.30
20.62 0.0402  17.08
18.71 0.0284  13.83
16.96 0.0232 9.48
21.68 0.0545  16.40
2472 0.0201 9.24
13.39 0.0243 4.46
18.57 0.0173 9.05

Figure 7-16—Excel workbook with zonal statistics outputs filled in for both the

no-treatment and treatment alternatives where about 20 percent of the landscape
was treated.
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a. There are a number of ways to complete this; you can copy and paste
individual cells from the zonal statistics table, type the values into the
Excel spreadsheet, or export the zonal statistics table as a *.dbf file and
open it with Excel.

4. 1In Excel, insert an XY scatter chart (Excel Ribbon-> Insert-> Scatter
->Scatter with only Markers).
a. The x-axis values are burn probability and the y-axis values flame
length (fig. 7-17a).

b. To get markers for each forest type, each forest type will need to be an
individual series. To change the series within a chart, right-click in the
chart and select Select Data from the menu and Add a new series.

Wildfire exposure was
i.  Series name: type “Grand fir” in the text box. reduced by the fuel

ii. Series X values: select cell of the Nt BP value for Grand fir. In fig- treatment alternative

ure 7-16, this would be B2. as can be seen by the

points shifting down
iii. Series Y values: select cell of the Nt FL value for Grand fir. In fig-

ure 7-16, this would be C2.

and to the left relative
to the no-treatment

iv. Repeat for all the forest types. values
A1 Mo treat B Treat 20%
E 1
25 =+ 25
L

20 & 20 1
= X M- =
= =
= 15 - = 15 -
L L]
£ - = X
@ = |
@ 10 4 @ 10 4
o * o *

5 5 4 -

0 T T T T 0 T T T T

0.00 0.02 0.04 C-.C-?-_ 0.08 0.10 0.00 0.02 0.04 0.06 0.08 0.10
Bum probability _ Bumn probability
®m Grand fir » MNonforested A Westernlarch @ Subalpine fir = Engelmann spruce-subzlpine fir
A Douglas-fir  Ponderosapine <+ Lodgepolepine - Engelmann spruce

Figure 7-17—Scatter plot of wildfire exposure for forest types for the no-treatment (A) and treat 20 percent (B) fuel
treatment alternatives.
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This scenario will
require many steps
within ArcMap. There
are several ways to
accomplish the steps
provided. If you are
more comfortable with
another method, please
do what you know.
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The same process can be replicated for treatment alternatives for a comparison
of wildfire exposure before and after treatment (fig. 7-17). Forest types lower and
to the left (i.e., nonforested) have lower wildfire exposure than those in the upper
righthand corner (i.e., lodgepole pine and subalpine fir) (fig 7-17b).

Designing Landscape Level Fuel Treatment Alternatives By
Using Wildfire Exposure With FVS Data
A wildfire exposure assessment of current conditions coupled with other informa-
tion can be a good start for fuel treatment planning. This scenario will build fuel
treatment alternatives based on probabilistic wildfire hazard for the entire landscape
and wildfire exposure of the various forest types. Finally, the effectiveness of the
fuel treatment alternatives will be tested.

The steps required to do this type of analysis are:

1. Acquire existing condition data and update if necessary.
Run FlamMap?3 fire behavior runs for the existing conditions.
Create a wildfire exposure map to design fuel treatment alternatives.

Run FlamMap3 fire behavior runs for the treatment alternatives.

M

Assess the effectiveness of the fuel treatment alternatives.

The following scenario will complete the above steps using a landscape
file comprised of FVS run values surrounded by LANDFIRE grids to model
fire behavior.

Step 1: Acquire existing condition data and update if necessary—
The data supplied by LANDFIRE, Mt _Emily Database.mdb, and the mt_emily
stands.shp are assumed to be accurate and not in need of updating.

Step 2: Run FlamMap3 fire behavior runs for the existing conditions—

Before FlamMap3 can be run, the input LCP file must be built. The existing
conditions LCP (fvs_If notreat.lcp) built in Exercise 4-22 from LANDFIRE and
FFE-FVS data will be used in FlamMap3. FlamMap3 will be run to output crown
fire activity, flame length, and burn probability. Rather than doing separate runs for

flame length and crown fire activity and then burn probability, both can be run at
once in FlamMap3.
1. Open FlamMap3, load the fvs_If notreat.lcp, and create a new run.
2. Select the Inputs tab (fig. 7-18).
a. Run name: type “Wildfire Exposure Alt” in the text box.
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Run : Wildfire Risk Alt

Inputz | Fire Behaviar Elutputsl kirirnm Travel Timel Treatment Optimization MDdE|I

Run Mame:  [w/ildfire Risk Al

— Fuel Moisture Filez

Fuel Moisture File [*.fmsz]:

II::"-.arcfuels'xu:l...'xmtemil_l,l_fuelmu:uisture.FM |ﬂ

[~ Use Custom Fuels [* frmd] |

14

—hfinds

™ "wind Blowing Uphil

" wind Direction

£ wind Wectors
Direction I

Speed I

Azimuth [Dearees]:

‘Wwind Speed [MPH @ 201 |1 ] Ei

|225 3:

_I [Create
+
| Display

— Canopy Characteristics
Height[m]: 15

Canopy Baze Height(m): |5 3:

Canopy Bulk DensityKalm3): ID.2 E:

Faliar Moisture Cantert [%]: I'IEIEI 3:

— Fuel Moisture Settings
" |lze Fixed Fuel Moistures from Fuel Maisture File
£+ Use Fuel Moizture Conditioning

Wieather File [ wir): IE:"aarcfuels'\data'\mtemil_l,l_weather.wtr ﬁl
Wind File [*.wnd]: II::'\arcfuels'xdata'xmtemil_l,l_wind.wnu:l ﬂ
Fuel Moizture Conditioning Period
Day Time
Stat | 8/10 =l 1zooeM -
End | 8/14 R =
Launch | k. | Cancel | fNu]m 1 I Help
|In|:-uI:s (4 |3 outputs selected |N|:| existing oukputs

Figure 7-18— Inputs tab for a wildfire exposure run.

mtemily fuelmois-

b. Fuel Moisture File (*fms): navigate to and load the
ture.FMS from the data folder.

c. Select the radio button to the left of Wind Direction.
i.  Windspeed (MPH @20°): type “15” in the text box.
ii. Azimuth (Degrees): type “225” in the text box.

d. Foliar Moisture Content (%): type “100” in the text box.
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e. Select the radio button to the left of Use Fuel Moisture Conditioning.

iii. Weather file (*wtr): navigate to and load the mtemily _weather.wtr

from the data folder.

iv. Wind file (*wnd): navigate to and load the mtemily_wind.wnd from

the data folder.

v. Fuel Moisture Conditioning Period: set the Start date to “8/10” and
the End date to “8/14.” Set the Start and End times to “13:00 PM.”

f. Click Apply.

3. Select the Fire Behavior Outputs tab (fig. 7-19).
a. Processor Usage and Memory/Disk Usage: leave the default values

in place.

Run : Wildfire Risk Alt x|

Inputz  Fire Behavior Outputs | kirirnunn Trawvel Timel Treatment Dptimization Mu:u:lell

— Proceszor Usage—————— —~ Memom/Disk Uzage
M T o - |7 ¥ Create u:uutpu.ts ity ey [fazter]
- = Usze Hard Drive [zhower]
— Dutput Grids
[ Fireline Intensity [ Harizontal Movement Fate
[~ Rate of Spread [ Midilame Windspeed
¥ Flame Length [ Spread Vectars
[ Heat / Unit Area [T Crown Fire Sctivity
Mon-Fiked Fuel Moizture Outputs Crown Fire Calculation Method
™| Solar Fadiation ™ Finney [1998)
™| 1k Fuel b pigture ¥ Scott/Feinhardt [2001]

™| b Fuel Maisture

Select A | Remave 4l |

— Dptiohz
¥ Fielative Spread Direction From Maximum
™ Spread Direction From Marth [&zimuth]

Degrees: IEI 3:

Launch | k. | Cancel | Apply I Help

|In|:|uts k; |1 outputs selected |N|:| existing outputs

Figure 7-19—Fire Behavior Outputs tab for basic fire behavior run in FlamMap3.
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b. Output Grids: select Flame Length.

¢. Crown Fire Calculation Method: select the radio button to the left of
Scott/Reinhardt (2001).

d. Options: select the radio button to the left of Relative Spread Direction
From Maximum; this is the default.

e. Click Apply.

4. Select the Minimum Travel Time tab (fig. 7-20).
a. Select the radio button to the left of Random. Then set the Number of
Random Ignitions to “5000.”

b.  Resolution of calculations (distance): type “90” in the text box.

c. Maximum Simulation Time: type “480” in the text box.

Run : Wildfire Risk Alt x|

|nputs I Fire Behavior Outputs  Minimum Travel Time I Treatment Dptimization Mu:u:lell

— lgnitiohz

£ Fram File Load Eurent lanitions |

|

— InpLitz

Ratation Direction for node lattice [degrees]:|225 3:

.

Resolution of calculations(distance]: |30 =

M azirmum Sirulation Time [minutes, O = Unlimited, per Ignitiu:un]:l*iEU 3:
Interval for Minimum Travel Paths [diStanCE]ZIEDD 3:

— Outputz
[T Rate of Spread Grid - [T Flow Paths ¥ Bumn Probahilities
; : [Random lgnitions
[T Influence Grid ™| i ajor Faths Only]
| Lgival Time Grid ™| il Tiime Conbour

™| Fire Intensity b ap
Select Al | | Remove Al

Launch | OFk. I Cancel | Apply I Help

|In|:|uts O, |3 outputs selected |N|:| existing outpuks

Figure 7-20—Minimum Travel Time tab for a burn probability run in FlamMap3.
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d. Interval for Minimum Travel Paths (distance): type “500” in the text
box; this is the default.

e. Click Apply and then click Launch. This might take 30—60 minutes

depending on your computer.
f.  Once the run has completed, click OK to close the run window.

5. Name the output ASCII files as “fvs nt fI” and “fvs nt bp” for flame
length (change the units to ft) exposure and burn probability, respectively,

and save them in the outputs folder.

Step 3: Create a wildfire exposure map to design fuel treatment alternatives—
In this step, a wildfire exposure map will be created from the flame length and
burn probability outputs from FlamMap3. The process is similar to creating a
wildfire hazard map. Once the map is created, it will be used to create two
treatment alternatives.

» Alternative 1 will treat all forested areas of moderate, high, and

extreme wildfire exposure, which is about 30 percent of the landscape.

* Alternative 2 will treat all forested areas with high and extreme wild-

fire exposure, which is about 15 percent of the landscape.

1. If not already in the ArcMap table of contents, add the forest type grid.
This was created in Wildfire risk assessment—Creating scatter plots and
was saved in the outputs folder.

2. Convert the flame length and burn probability ASCII files to grids
using the Batch Convert Ascii to Grid form in ArcFuels (ArcFuels
Toolbar=>Conversion=> Batch Convert Ascii to Grid).

a. Convert and add to the map the fvs_nt_fl.asc and fvs_nt bp.asc files as
Floating point with the Spatial Reference defined for both.

3. Reclassify flame length based on the hauling chart values (table 7-1) using
the Reclassify tool in ArcMap (ArcToolbox=> Spatial Analyst Tools=>
Reclass=>Reclassify, fig. 7-21).

a. Input raster: select fvs_nt fl from the drop-down list.

b. Reclass field: select Value from the drop-down list.

c. Click the Classify button to open the Classification form (fig. 7-4).

i. Method: select Equal Interval from the drop-down list to change
the number of Classes.
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IFvs_nt_FI | ﬁl
Reclass field
I Yalue j
Reclassification
Old values Hew values =
0 0 Classify, ., |
-4 4 : |
4 : Umigue
g-11 11
11 - 145902054 146 Add Entry |
MaoData MaoData
Delete Entriesl
-

Load... | Save. .. |

Reverse Mew Yalues | Precision. ..

Qutpuk rasker

I Charcfuelsioutpuksifys_nk_fl_c =
[T Change miszing valuss to MoD ata [optional] _I
w
Ik Cancel Environments. .. Show Help == |

Figure 7-21—Reclassify form set up to reclassify flame length into categories.

ii. Classes: select 5 from the drop-down list.

iii. Break values: highlight the values and type in “0,” “4,” “8,” and
“11” for the first 4 values; leave the last value as it appears. After
this is done, the Method will default to Manual (fig. 7-4).

iv. Click OK to apply the changes and return to the Reclassify form.

d. Set the New values to be the upper end (highest amount within its
range of flame lengths) of the Old values, which correlates to the flame
length categories used in the prior step (fig. 7-21).

e. Output raster: name the output raster “fvs nt fl ¢” and save it in the
outputs folder. The “c” at the end signifies that this is a classified ver-

sion of the flame length output.

f. Click OK to close the Reclassify form and complete the reclassification.
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4. Reclassify burn probability using the Reclassify tool in ArcMap
(ArcToolbox=> Spatial Analyst Tools=> Reclass=> Reclassify, fig. 7-22). This
time we will create four quantile classes and then add a zero class. The quan-
tile option creates classes with an equal number of features in each class.

a. Input raster: select fvs_nt bp from the drop-down list.

b. Reclass field: select Value from the drop-down list.

o

Click the Classify button to open the Classification form (fig. 7-23).

i.  Click the Exclusions... button and under the Value tab type “0” in
the text box, then click OK to return to the Classification form.
This excludes values where burn probability is 0 from the quantile
classification.

ii. Method: select Quantile from the drop-down list.
iii. Classes: select 4 from the drop-down list.

iv. Click OK.

* Reclassify B [m] 1
Input raster

I fFuws_nk_bp ll g

Reclass figld

I Yalue j

Reclassification

0ld values Hew values ~
0.000275 - 0.00435 . Classiy..._|
0.00495 -0.0121 2 Linigue |
0.0121 - 002535 3
0.02585 - 0.0704 4
MaDats MoDatz &dd Entry |
] u]
Delete Entriesl
-
Load. .. | Save... | Reverse New Yalues | Precisian. .. |

Oukpuk rasker

I CiarcFuelsioukputsifyvs_nk_bp o

[ Change miszing walues to MoData [optional]

[

(o] 4 Cancel Environments. .. | Show Help == |

Figure 7-22—Reclassify form in ArcMap set to reclassify burn probability.
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2ix|
Classification Classification Statistics
Method:  |Quantie =l Count: 31295
Mirirrigni: 0.000275
Classes: + - Maxirnum: 0.0704
—Data EIC..IS-I:I'I Sum: Sd4Z2.833772
Mean: 0.017346
Exclusion . Sampling ... | Standard Dewviation: 0.016035
Columns: 100 == [~ Show 5td. Dev. [ show Mean
z e - Ereak Yalues ﬂ
2000 g g ﬁ E 0.00495
sl © = = 00121
0.02585
. 0.0704
1000+
s00+
[« | 2
0 T T T Ok
0.000275 0.017806 0.035337 0.0523869 0.0704 —l
T | Snep breaks bo datavalues Cancel |

Figure 7-23—Setting the categories for a reclassification in ArcMap.

d. Click Add Entry and add a new line where the Old values and New
values fields are both “0” (fig. 7-22).

e. Click Save... (fig. 7-22) and save the classification as “fvs_nt _bp_ quan-
tiles” in the outputs folder for later use.

f.  Output raster: name it “fvs_nt bp c¢” and save it to the outputs folder.
g. Click OK to close the Reclassify form and complete the reclassification.

5. Create a wildfire exposure grid using the Combine tool in ArcMap
(ArcToolbox=>» Spatial Analyst Tools=>Local=> Combine, fig. 7-24).
a. Inputrasters: fvs nt bp ¢, fvs nt fl ¢, and forest type.
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_ioi x|
-
Inpuk raskters

! El

ZFvs nt_bp
SFvs nt_fl ¢
& Forest_type

l« |+ |% |+ |

Outpuk rasker

I CiharcfuelsioutputsiFys_nk_risk,

%

I

Ik Zancel Environments. ., | Show Help == |

Figure 7-24—Combine form with grids added to create wildfire exposure map.

b. Click Environments.... to set the output resolution to 30 m (fig. 7-25).
i. Expand Raster Analysis Settings.

ii. Cell size: select As Specified Below from the drop-down list and
type “30” in the text box below.

iii. Click OK to close the Environment Settings form and return to
the Combine form.

c. Output raster: name it “fvs_nt_risk” and save it to the outputs folder.
d. Click OK to close the Combine form and complete the combine.

6. Open the attributes table for the fvs_nt_risk grid.
a. Add a text field named “RISK” and update the field values using the
probabilistic wildfire hazard matrix (fig. 7-11).

b. Add a text field named “FOREST.”

7. Join the forest_type grid to the fvs_nt_risk update the field with the
forest names.

a. Inthe ArcMap table of contents, right-click on the fvs_nt_risk grid.
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52" Environment Settings

o
it

3 [

General Settings

L

Cartography Settings

L

Coverage Settings

Geodatabase Settings

L

L

Geostatistical Analysis Settings

Raster Analysis Settings
Cell Size

I.ﬁ.s Specified Below j
| 30

Mask

| - @

¥ Raster Storage Settings ll

Ik I Zancel | Show Help == |

Figure 7-25—Environment Settings form specifying the output grid resolution.

*

b. Select Joins and Relates=>»Join to open the Join Data form (fig. 7-26).

i.  What do you want to join to this layer: select Join attributes from a
table from the drop-down list.

ii. 1. Choose the field in this layer that the join will be based on: select
FOREST TYPE from the drop-down list.

iii. 2. Choose the table to join to this layer, or load the table from disk:
select forest_type from the drop-down list.

iv. 3. Choose the field in the bale to base the join on: select VALUE

from the drop-down list.
v. Join Options: select the radio button to the left of Keep all records.

vi. Click OK to complete the join.

195



GENERAL TECHNICAL REPORT PNW-GTR-877

Join lets you append additional data to this laver's attribute table so vou can,
for example, symbalize the laver's Features using this data.

What do you wank ko join ko this laver?

IJn:-in atkributes From a table j

1. Choose the field in this layer that the join will be based on:

|FoResT_TvPE =

2, Choose the kable to join to this layer, or load the table from disk:

I@ forest_tvpe j El

¥ Show the atkribute tables of layvers in this list

3. Choose the Field in the table to base the join on;

|vaLUE |

— Jaoin Opkions

¥ Keep all records

&l recards in the karget table are shown in the resulking table.
Unmatched records will conkain null walues For all fields being
appended into the target table From the join table,

"~ Keep orly matching records

If a recard in the target table doesn't have a match in the jain
kable, that record is remowved From Ehe resulking target table,

About Joining Data (04 I Cancel

Figure 7-26—Join form set up to join the forest_type grid attributes to the fvs_nt_
risk grid.

c. Return to the fvs_nt risk attributes table to populate the FOREST field.

i.  Right-click on the FOREST field, which will now be called fvs_
nt_risk.vat:FOREST, and select Field Calculator from the menu to
open the Field Calculator form (fig. 7-27).

ii. Update fvs_nt_risk.vat:FOREST select forest type.
vat:FORESTTYPE from the Fields box or type “[forest_type.
vat:FORESTTYPE]” in the box.

iii. Click OK.
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Field Calculator ilil

Fields: Type: Functions;
Fus_nk_risk, vak: Rowid 2 & Number abs ()
Fws_rit_risk,vat v ALLE Atn
Fys_nik_risk. wat: COUNT ™ String Cosi )
Fes_nt_risk, vat:Fy¥s_NT _BP_C Exp( )
Fus_nit_risk.vat:Fs_NT_FL_C (" Date IF'-"EE g
Fws_nk_risk,watiFOREST_TYPE Lnng{ )
Fuws_nk_risk, wat: RISK Sini )
Fuws_nt_risk.,vatb:FOREST Sar ()

forest_tvpe.wat: Rowid
forest_twpe,wat:WALLE
forest_tvpe,wak: COUMT
forest_tvpe,wat:FORESTTYPE

El
Fws_nt_risk.vat:FOREST = ™ advanced ll _| il

[forest_type.wvakb:FORESTTYPE] ;I

=
[T | Calculate selected|records only |

Cancel

Figure 7-27—Field Calculator form updating the forest type name field.

8. Remove the join (right-click on fvs_nt_expos and select
Joins and Relates=>Remove Join(s)=>Remove All Joins).
9. In ArcMap, change the display of If nt expos to show the EXPOSURE field
(fig. 7-28).
a. Right-click on the grid name in the table of contents, select Properties
from the list, and select the Symbology tab.

b. Show: select Unique Values from the options in the box.
c. Value field: select EXPOSURE from the drop-down list.

d. Set NONE to be black, LOW to be green, MODERATE to be yellow,
HIGH to be orange, and EXTREME to be red to match that of the risk
matrix (fig. 7-11).

e. Click OK to close the form.
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AFlame length (FL) BBurn probability (BP) C Probabilistic wildfire
hazard (PWH)

The probabilistic
wildfire hazard map
gives information not
only about the hazard
but about the liklehood
of a fire occurring.

W FL=0, BP=0, PWH=None ' FL=11, BP=3, PWH=High
M FL=4, BP=1, PWH=Low Il FL=146, BP=4, PWH=Extreme 0 1 2
FL=8, BP=2, PWH=Moderate L1 _Im

Figure 7-28—Maps of flame length (A), burn probability (B), and probabilistic
wildfire hazard (C) from LANDFIRE and FVS data.

11. Add two short integer fields “ALTERNATIVE 17 and
“ALTERNATIVE 27 to the fvs nt_expos grid attributes table.
a. Select all forested areas (all types except Nonforested) of moderate,
high, and extreme exposure and update the ALTERNATIVE_1 field to
equal “1.”

b. Select all forested areas of high and extreme exposure and update the
ALTERNATIVE 2 field to equal “1.”

12. Create new 0/1 grids from these two fields using the Reclassify tool in ArcMap
(ArcToolbox=>Spatial Analyst Tools=>Reclass=> Reclassify, fig. 7-29).
a. Input raster: select fvs_nt expos from the drop-down list.

b. Reclass field: select ALTERNATIVE 1 from the drop-down list.

c. Output raster: name the grid “altl” and “alt2” and save it to the outputs
folder.

13. Repeat step 12 for ALTERNATIVE 2.

14. Assign the Combo.kep to the stands requiring treatment using the Assign
Prescriptions to Landscape form (ArcFuels Toolbar->Landscape=>
Assign Prescriptions to Landscape, fig. 7-30).

a. Target Scenario field name: select Altl Expos from the drop-down list.
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* Reclassify o [m]
.
Input raster e
fres_nt_risk. ;I DF“l
Reclass field
| ALTERMATIVE_1 |
Reclassification
Old values New values = ;
0 0 N Classify, ., |
Ll ; Unique
MNoData NoData —l':'
Add Entry |
Delete Entriesl
-
Load. .. | Save... | Reverse Mew Yalues | Precision. .. |
Qukput rasker
I C:harcFuels\outputsialt 1 Dq'l
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Figure 7-29—Reclassify form filled out to reclassify the ALTERNATIVE 1 field of the risk
grid to create a 0/1 grid to assign fuel treatments using ArcFuels.

Landscape Treatment Design ] il

Assign Prescriptions I

Create one or more treatment scenarios by assigning treatments to stands. Select a scenario field in the stand
database, a KCP file, and use one of the assignment methods to populate the database

Target Scenario figld name | Akl _Risk ;] Clear All KCPs From Scenario
KCP filename to be assigned | Combo.kep |
Prescription Assignment Method
Method &:
I~ \assign Prescriptions using Point&Click (this overrides any other Point&Click settings) |
Method B:

Assign Rx to all Arc Selected Stands I

Method C: Select stands based on a grid layer where 1 = treat and 0 = not treat,
Each stand is selected or not based on the percentage of pixels marked Treat (1),

TOM GridLayer | a1 =~
Threshold: treat stand  at least | S0 % of pixels are marked Treat (1),

Assign Rx Using TOM Output Grid |

_ e |

Figure 7-30—Assign Prescriptions form set up to assign prescriptions based on a wildfire
exposure treatment alternative.
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15.
16.

17.
18.

f.

Click Clear All KCPs From Scenario.
KCP filename to be assigned: select Combo.kcp from the drop-down list.
TOM Grid Layer: select altl from the drop-down list.

Threshold: treat stand if at least.... percent of pixels are marked treat:
type “50” in the text box.

Click Assign Rx Using TOM Output Grid.

Repeat step 14 with the Alt2_Risk field and the alt2 grid.

Run FVS for the stands with treatments using the treatment field for both
alternatives using the Run FVS form in ArcFuels (ArcFuels Toolbar->
Landscape=> Simulate Landscape Treatments=>Run FVS, fig. 7-31).

a.
b.

C.

Input Database: the default database Mt_Emily Database.mdb.
Stand Table: keep the default, stands.
Stand ID: keep the default, Stand_ID.

Output Database: use the navigation button to create a new output
database named”Altl Risk.”

Scenario name: type “risk1” in the text box to the right.

Stand selection: select the radio button to the left of Run stands with

prescriptions.

Prescription Source: click on the Add/Change Fields button and select
the Altl_Risk field using the Select KCP Fields form that opens.

Cycles: type”10” in the text box.

Years per cycle: type “1” into the text box.

Fuel model set: select 53 from the drop-down list.

Check Execute, Overwrite DB, and make sure the rest are unchecked.
Scenario Index: type “1” into the text box.

Click the Run FVS button to start the FVS simulation. Depending on

your computer, this should take about 15 minutes.

Repeat step 16 for Alt2_Risk.

Create grids for both treatment alternatives Using FVS Database
form in ArcFuels (ArcFuels Toolbar=>Landscape=>»Build FlamMap
Landscape=>Using FVS Database, fig. 7-32).
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Simulate Landscape Treatments x|

Fun Fy5 ITreatment Analysis | Compare Treatments | Join F¥S Qukputs ko Palygaons |

Input Database I Ciharcfuelsidataimt_Emily _Database.mdb

Stand Table | stands =] stardp [ staend o ¥

Output Database | Criarcfuelsioutputsialtl_Risk.mdb _I
Scenario name I risk1 key file I Fiskl, ke ik File I riskl,ouk
— Stand Selection ——— Prescription Source

" Run all stands Add/Change Files AddfChange Fields |

i~ Run ArcMap Selected Stands

" Run First I 10 skands

¥ Run stands with prescriptions

" Run single stand: I

Altl_Risk

— Options,/Outputs
10 ok i BSDI
Cyvcles I PPE Treatment Priority Yariable I BUREYS
Years per cycle I 1 PPE Treatment Proporkion I 1
Fun PPE
Fuel model set 53 - ™ Suppress FFE Reports
I~ Include westwide.kep [~ Carbon Report Scan Far Errars
] ' [ owerride FFE Fuel Model - pretreat
[ add Pause in Batch File Multiple FRE Runs
e [ owerride FFE Fuel Model - post cut
W T [ owerride FFE Fuel Model - past: Fire
¥ Crverwrite DB [~ @enerate cutlists for vear I
Scenario Index I 1
Skakus: I
Close |

Figure 7-31—FVS run window set to run only stands with prescriptions for the Altl Risk alternative.

a. Elevation: select elevation from the drop-down list.
b. Slope: select slope from the drop-down list.

c. Aspect: select aspect from the drop-down list.

d. Stand ID Grid: select stands from the drop-down list.

e. Latitude: type “45” into the text box.
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Build LCP

Using FY5 Datahase | Using ArcGIS Grid Data | Using Multiple Sources |

ArcGIS Grid Layers Latitude I 45

Eleration elevation x|
The oukput boundaries are based on;
Slope slope =
Aspect aspert = & crid Layer | stands =l
" UTM Coordinates |y |S050457,730¢
Stard 1D Grid | stands |

W |408396.8443i E I418326.8443§
5 |502615?.?3EI‘

FyS Output Database I Cilarcfuelsioutputsinotreat.mdb |

Cukput Table I F¥S_Compute vl FY3 Qutput Fields ™ Use &rciIs Grid Layer
Fuel Model FrL v
Stand ID Field I StandID 'I I J
CANCPY

Canopy Cover

Vear I 2005 "I Canopy Height HTT
Scenatio I 1 vl Canopy Base Height | HTLIVE

Canopy Bulk Density | CED

KN (KN KX KN K

¥ apply Traatments

Treated Stands Dakabase I Ciharchuelstoutputsialtl_Risk, mdb

Bl (B

LCP Cutput File |

Build LCP | Create Arc Grids |

Close |

Figure 7-32—Creating treated grids from two FVS databases for the Altl Risk alternative.

f. The output boundaries are based on: select the Grid Layer radio but-

ton, then select the stands grid from the drop-down list.

g. FVS Output Database: select the notreat.mdb from the outputs folder

using the navigation button.
h. Output Table: select FVS_Compute from the drop-down list.
i.  Stand ID Field: select StandID from the drop-down list.
j- Year: select 2005 from the drop-down list.
k. Scenario: select 1 from the drop-down list.
1. Fuel model: select FML from the drop-down list.
m. Canopy Cover: select CANOPY from the drop-down list.

n. Canopy Height: select HTT from the drop-down list.
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o. Canopy Base Height: select HTLIVE from the drop-down list.
p. Canopy Bulk Density: select CBD from the drop-down list.
q. Apply Treatments: check the box to the left.

r. Treated Stands Database: navigate to and select the Altl_Risk.mdb in
the outputs folder.

s. Click Create Arc Grids.

1. Use “altl xxx” where xxx is cc, ch, cbh, cbd, or fm to name the

new grids.

19. Repeat step 18 for Alt2_Risk.

20. Create an LCP with LANDFIRE and FVS treated data for the risk treatment
alternative with the Using Multiple Sources form in ArcFuels (ArcFuels
Toolbar=> Landscape=>»Build FlamMap Landscape=>Using Multiple
Sources, fig. 7-33).

Build LCP

Using FY¥5 Database | Lsing ArcGIS Grid Daka  Using Multiple Sources I

Elevation I elewvation {meters) _I
Slope I slope (degrees) _I
Aspect I aspect (azimuth degrees) _I
Fuel Model | altL_fm, F_fhFmen _|
Canopy Cover I altl _ce (percent], IF_cc {percent) _I
Canopy Height I altl_ch {Feet), IF_ch {mekers, * 10) _I
Canopy Base Height I atll_cbh {Feet), IF_cbh {meters, * 10) _I
Canopy Bulk Density | alt1_cbd (ka/m~3, * 100), IF_chd (ka/m~3, * 100) _|

The output boundaries are based on:
(% Grid Layer I elevation =]

Latitude | 43 " UTM Coordinates N|505093?.?30=

W |4D?886.84435 E I418836.8443£
5 |502564?.?30‘

LCP Gutput Fils | charcfuslstoutputsiall_Risklcp

Build LCP | Create Arc Grids |

Close |

Figure 7-33—Building a landscape file from FVS and LANDFIRE data.
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a. Slope: using the navigation button, select slope in degrees.

b. Aspect: using the navigation button, select aspect in azimuth degrees.

c. Fuel Model: using the navigation button, select altl _fm then If fbfm40.

d. Canopy cover: using the navigation button, select altl cc in percent

then If_cc in percent.

e. Canopy Height: using the navigation button, select altl ch in feet then
If_ch in meters*10.

f. Canopy Base Height: using the navigation button, select altl_cbh in
feet then If_cbh in meters*10.

g. Canopy Bulk Density: using the navigation button, select altl_cbd in
kg/m”3 then If cbd in kg/m”3*100.

h. Latitude: type “45” in the text box.

i. The output boundaries are based on: select the radio button to the left
of Grid Layer, then select elevation from the drop-down list.

j. LCP Output File: using the navigation button name the file “Altl_Risk.lcp.”
k. Click the Build LCP button.

21. Repeat step 20 for Alt2 Risk

Step 4: Run FlamMap3 fire behavior runs for the treatment alternatives—
Run FlamMap3 using the same settings as Step 2 with the Altl Expos.lcp and
Alt2_Risk.lcp LCPs built in Step 3.

Step 5: Assess the effectiveness of the fuel treatment alternatives—

To assess the effectiveness of the fuel treatment alternatives, run FlamMap3,
create exposure maps and summarize the data (fig. 7-34 and 7-35; table 7-3). For an
example of how to create a wildfire exposure map, see Step 3. For an example of
how to summarize by wildfire exposure category, refer to the Evaluating Wildfire
Hazard section. For an example of how to create a scatter plot, refer to the Wildfire
Risk Assessment: Creating a Wildfire Exposure Scatter Plot section.

Were the fuel treatment alternatives effective? Are there other areas that
might benefit from treatment? Or perhaps using different fuel treatment prescrip-
tions for different forest types (see the nonforested point in the scatter) would be
more effective?

Remember that the fuel treatment alternatives were based on risk and forest
type only. If your objective was to protect lynx habitat or WUI, are the treatment
alternatives still effective?
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A No treatment B Alternative 1 C Alternative 2

Once maps are created
they can be further
analyzed in ArcMap.
One useful step might
be differencing the
maps to see where the
exposure increased or
decreased as aresult
of treatment.

PWH classes I None M Low 0 25 5
Moderate High [l Extreme 1 Imi

Figure 7-34—Wildfire probabilistic wildfire hazard (PWH) maps for the
three fuel treatment alternatives.

a) No treatment b) Alternative 1 c) Alternative 2

25 25 ry 25
g 20 A g 20 A g 20 A
s s S
o 15 o 15 1 D 15 ¢
c c c
<@ Q Q
@ 10 1 @ 10 -1 o 10 f1
= : -
L 5 jK- >G A L 5 ih;< L 5

0 : 0 . 0 % .

0.000 0.010 0.020 0.000 0.010 0.020 0.000 0.010 0.020
Burn probability Burn probability Burn probability

B Grand fir #Nonforested A Douglas-fir
XPonderosa pine XWestern larch ® Subalpine fir
+Lodgepole pine -Engelmann spruce —Engelmann spruce-subalpine fir

Figure 7-35—Scatter plots by forest type for the three fuel treatment alternatives.

Table 7-3—Wildfire exposure comparison for the existing conditions, alternative
1 and alternative 2 for the entire landscape

Exposure No treatment Alternative 1 Alternative 2
Acres Percent Acres Percent Acres Percent
None 0 0 0 0 0 0
Low 18,967 47 26,634 66 25,424 63
Mod 7,264 18 3,228 8 5,650 14
High 4,843 12 3,228 8 3,228 8
Ext 8,878 22 6,860 17 6,053 15
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When limited FVS data
are available, they

can be used to create
treatment adjustment
factors to update grid
data. More often than
not, FVS data will

not be available for
every stand in your
landscape.
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NOTE: The values in table 7-3 and scatter plots in figure 7-35 will be slightly
different for each run because no burn probability runs are exactly the same.

Designing Landscape Level Fuel Treatment Alternatives By
Using TOM With Grid and FVS Data

As mentioned, the TOM in FlamMap3 locates treatments to block the fastest
routes of travel and maximize the reduction in spread rate across a landscape per
area treated. Because TOM uses an ideal landscape to define where treatments are
allowed to occur, the output treatment grid can be used without having to further
limit treatment area. However, there are a couple of limitations that should be
shared: (1) the TOM treatment grid does often have single pixel (grid cell) treat-
ment units that would not be practical to implement in the real world and should
be scrutinized, and (2) the TOM treatment grid is designed for a single potential
problem fire under specific fire weather conditions. Given the known limitations,
TOM is a great tool to use as starting point for fuel treatment planning. However,
without further editing, the TOM treatment grid might not be realistic. That said,
the following scenario will be using the TOM treatment grid to locate stands need-
ing treatment, then FVS to develop treatment adjustment factors.

The steps required to do this type of analysis are:

1. Acquire existing condition data and update if necessary.
2. Run the Treatment Optimization Model in FlamMap3.

3. Use the treatment grid and FVS/FFE-FVS to develop fuel treatment

alternatives in ArcFuels.
4. Run FlamMap3 fire behavior runs for the treatment alternatives.
5. Assess the effectiveness of the treatment alternatives.

The following scenario will complete the above steps using LANDFIRE grids
to create the no-treatment alternative and ideal landscape LCP files for TOM
modeling in FlamMap3. Tree list data will be run through FVS to determine treat-
ment adjustment factors to be applied based on forest types. Landscape files will be
built for two fuel treatment alternatives and a risk assessment will be completed to

compare the no-treatment alternative to the two TOM treatment alternatives.

Step 1: Acquire existing condition data and update if necessary—
The data supplied by LANDFIRE are assumed to be accurate and not in need
of updating. The supplied FVS data is also assumed to be accurate.
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Step 2: Run the Treatment Optimization Model in FlamMap3—

Before FlamMap3 can be run, the input LCP files must be built. The existing condi-
tions LCP (If_notreat.lcp) was created in Exercise 4-20 and the ideal landscape
LCP (If_ideal_treat.lcp) was created in Exercise 6-4. The Treatment Optimization
Model was run in Exercise 6-4 and the treatment grid, If_tom20.asc, was saved to
the outputs folder.

Step 3: Use the TOM treatment grid and FVS/FFE-FVS to develop a fuel
treatment alternative in ArcFuels—
The treatment grid from TOM can be used a number of ways to create fuel treat-
ment alternatives. We will use the TOM treatment grid to locate treatments and run
FVS to derive treatment adjustment factors by forest type, which are then “applied”
using the ArcFuels.
1. Convert the If tom?20.asc as an integer type using the Convert Ascii to
Grid form in ArcFuels (ArcFuels Toolbar=> Conversion=> Convert Ascii
to Grid). Name the grid “If tom20” and save it in the outputs folder.
2. To use the If _tom20 grid with tools in ArcFuels, it must be a grid with the
same extent and resolution as other data. This will be completed using
the Extract by Mask tool in ArcMap (ArcToolbox-=> Spatial Analyst
Tools=>Extraction=> Extract by Mask, fig. 7-36).

* Extract by Mask O] x|
=]
Inpuk raster

| F_tomzn |

Input raster or feature mask data

=
I Demo_datalstands LI =
=

Oukpuk rasker

I Ciharcfusls\outputsif_tomz0_mask |

[

O Zancel | Environments. .. Show Help == |

Figure 7-36—Extract by Mask tool setup to mask the If tom20 grid by the
stands grid.

a. Input raster: select If tom 20 from the drop-down list.

b. Input raster or feature mask data: select stands from the drop-down
list.

c. Output raster: name the grid “If tom20 mask” and save it in the out-
puts folder.
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d. Set the output resolution to 30 m (Environments...=>Raster Analysis

Settings, fig. 7-25).

i. Cell size: select As Specified Below from the drop-down list and

type “30” in the text box below.
ii. Click OK to save and apply the changes.

e. Click OK to create the new grid.

3. Assign prescriptions to stands where at least 33 percent of a stand is
marked as “treated” by TOM (ArcFuels Toolbar->»Landscape=>Assign

Prescriptions to Landscape, fig. 7-37).

a. Target Scenario field name: select Altl TOM from the drop-down list.

b. Click Clear All KCPs From Scenario.

o

i

TOM Grid Layer: select If_tom20_mask from the drop-down list.

KCP filename to be assigned: select Combo.kcp from the drop-down list.

Landscape Treatment Design

Assign Prescripkions I

database, a KCP file, and use one of the assignment methods to populate the database

Target Scenario figld name I alkl_TOmM ﬂ

Create one or more treatment scenarios by assigning treatments to stands, Select a scenario Field in the skand

Clear All KiCPs From Scenatio

KCF filename ko be assigned I Camba, kep j

— Prescription Assignment Method

Method A:

™ Assign Prescriptions using Point&Click (this overrides any other Point&Click settings)
Method EB:

Assign Rx to all Arc Selected Stands |

Method C: Select stands based on a grid layver where 1 = treat and 0 = not treat,
Each stand is selected or not based on the percentage of pixels marked Treat (1),

TOM Grid Layer | IF_tomz20_mask =]

Assign R Using TOM Sutput Grid |

Threshold: treat stand iF at least | 33| & of pixels are marked Treat (1},

Close |

Figure 7-37—Assign Prescriptions form setup to assign the Combo.kep to stands where at least 33 percent was

chosen as needing treatment in TOM.
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e. Threshold: treat stand if at least.... percent of pixels are marked treat:
type “33” in the text box.

f. Click Assign Rx Using TOM Output Grid.

4. Run FVS for the stands with treatments using the treatment field using the
Run FVS form in ArcFuels (ArcFuels Toolbar=>Landscape=> Simulate
Landscape Treatments=>Run FVS, fig. 7-38).

Simulate Landscape Treatments x|

Run FY5 I Treatment &nalysis | ompare Treatments | Jain FYS ©ukputs ko Polygons |

Input Database I CharcFuelsidataiMe_Emily_Database.mdb

Stand Table | stands =] standp [ stand D 7]

Cukput Database I Chlarchuelsioutputsialtl TOM. mdb _l
SCEMario name I tom1 ke File I koml . key 2wk File I toml.out
— Stand Selection ———— Prescription Source

™ Run all stands AddjChange Files | AddjChange Fields

" Run ArcMap Selected Stands

= Ruun Firsk I 10 | stands

% Run stands with prescriptions

™ Run single stand: I

Akl _TOM

— Options;'0Outputs
Cycles I 10 FPE Treatment Priarity Yariable I BsDI T
ears per cycle reatment Proportion
ki | 1 PPE Treak L P ki 1
Fun PPE
Fuel maodel set | 53 vI ™ suppress FFE Reparts
™ Include westwide kep I Carbon Report Scan for Errors
: ; [ owverride FFE Fuel Model - pretreat
[T add Pause in Batch File P Mulkigle PPE Runs
¥ Execute ™ Owerride FFE Fuel Madel - post cut
I Minimize F¥5 Window [~ owerride FFE Fuel Maodel - post fire
[V Crverwrite DB [ Generate cutlists For year I
Scenatio Index I 1
Stakus: I
Close |

Figure 7-38—FVS run tab set to run only stands with prescriptions for the Altl TOM alternative.
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o

Input Database: the default database Mt _Emily Database.mdb.
b. Stand Table: keep the default, stands.
c. Stand ID: keep the default, Stand_ID.

d. Output Database: use the navigation button to create a new output
database named”Altl TOM.”

e. Scenario name: type “toml1” in the text box to the right.

f. Stand selection: select the radio button to the left of Run stands with
prescriptions.

g. Prescription Source: click on the Add/Change Fields button and select
the Altl TOM field using the Select KCP Fields form that opens.

h. Cycles: type”10” in the text box.

i.  Years per cycle: type “1” into the text box.

j. Fuel model set: select 53 from the drop-down list.

k. Check Execute, Overwrite DB, and make sure the rest are unchecked.
1. Scenario Index: type “1” into the text box.

m. Click the Run FVS button to start the FVS simulation. Depending on

your computer, this should take about 15 minutes.

5. Join the FVS_Compute table from the Altl_TOM.mdb to the mt_emily_
stands shapefile for 2005 using the Join FVS Outputs to Polygons form
in ArcFuels (ArcFuels Toolbar=>Landscape=> Simulate Landscape
Treatments->Join FVS Outputs to Polygons, fig. 7-39).

6. Open the mt_emily_stands attribute table and select all stands where joined
data is not <Null> (ArcMap-> Selection=> Select By Attributes). These
are the stands that received treatment. There should be 241 stands selected
(fig. 7-40).

7. Run summary statistics on the treated stands to find the pretreatment

average values for canopy cover, canopy height, canopy base height,
and canopy bulk density by forest type using the Summary Statistics
tool in ArcMap (ArcToolbox=>Analysis Tools=> Statistics=> Summary
Statistics, fig. 7-41).

a. Input Table: select mt_emily_stands from the drop-down list.

b. Output Table: name the table “mt_emily stands_notreat_stats.dbf” and

save it in the outputs folder.
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Simulate Landscape Treatments x|

Run FYS | Treatment Analysis | Compare Treatments  Join FYS Outputs to Polygons I

F¥S Cutput Database I Ciharcfuelsioutputsialtl _TOM. mdb

Table ko Join From FYS autput DE I FWS_Compute j

‘Year ko Join I 2005 vl
SCenatio I 1 'I

Remaove Joins |

Close |

Figure 7-39—1Joining FVS outputs to the Mt. Emily stands polygon.

=
J File Edit Wiew Bookmarks Insert Selection Tools Window Help |
|IDEE&| L BBX|w | & a0 | @@ 5| EE D E
J Skand '| ™ Select Skand | ™ Cell Data | Landscape '| ‘wildfire Models '| Modify Grid Yalues | Conversion '| Projects and Files '| ArcFuels Help
E x ,? A
= £F Layers 6§ ArcToolbax -
=] Demo_data @D 30 Analyst Tools @
mt_emily_stands & Analysis Tools et
[ stands a Cartagraphy Tools ao
O elevation B-a Conversion Tools i
O slope : & From Raster am
[ aspect & From WFS 0
O IF_fbFm40 &5 Metadata
O IFec &y TocaD =
O IF_ch & To Coverage ‘
O FF_cbh &y TodBAsE
[ IF_cbd & To Geodatabase R\m
[ subarea & TokmL =
O fire £ ToRaster
O hillshade P ASCIIto Raster k
O structures }‘ DEM ko Raster 0
O lynx_habitat }‘ Feature to Raster Ty
O lynx #* Float to Raster
[ treatment_units ;‘ Poink to Raster xav
O trt_location ;‘ Polygon to Rasker AT
O trt_type #* Polyline to Raster =
[ ideal_trt -2 Raster To Other Form ;
O mt_em.sid & To shapefie
= IF_tamz20_mask []-a Coverage Tools
(| [ a Data Interoperability Tools E s
&I 1+ 8% Nata Mananemert Trnls I - (MR
" il
FID | Shape | OBJECTID AREA PERIMETER. | standid | Acres | GHH_ID ForestType Id Caszell StandiD \"eil
» 0 | Polygon 1 113569 2003 .65 2 28 0| Grand fir 5] 1 2 N
1 |Palygon 2 137542 167118 3 34 1 | Grand fir =hull= | <hull= =Mull= =hul
2 |Palygon 3 183MTE0 E31.51099 4 El 2 |Monforested =Mull= | <kull= =Mull= =Mul
3 |Palygon 4 956122 11616.9 5 136 3 |Grand fir 16 2 S 2
4 |Palygon 5 1167356 671.20597 51 3 4 |Monforested aMull= | =hlull= =Mull= =Mul
3 |Polygon [ 504939 5247.749 T 125 3 |Douglas-fir 26 5 T 2
B |Polygon 7 23720 1865.05 g 53 B [Grand fir =Mull= | =Mull= =Mull= =Mul L

Figure 7-40—ArcSelected stands that had at least 33 percent of their area needing treatment
according to TOM.
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* summary Statistics = | Ellﬂ
e
Input Table —
I Demo_dataimt_emily_skands ll =
Cukput Table
I Charcfuels\outputsitom_alk_treated_skands,dbf =
Skatistics Field{s)
| &
Field Skatistic Tvpe +
FWS Compute2005, CANOPY MEAN
FY5_Compube2005,HTT MEAN -
FYS_Computez005,HTLIVE MEAN -
FYS_Computez005, B0 MEAN f
+
l | 2]
Case field {opkional)
| =
mk_emily_stands,ForestType +| J
-
(o] 4 I Cancel Environments., .. | Show Help == |

Figure 7-41—Summary Statistics form to calculate the mean canopy characteristics by forest type.

c. Statistics Field(s): select FVS_Compute2005.CANOPY, FVS _
Compute2005.HTT, FVS_Compute2005.HTLIVE, and FVS _
Compute2005.CBD from the drop-down list.

d. Statistic Type: select MEAN from the drop-down list for each Field.
Click in the box to get the drop-down list to show.

e. Case field (optional): select mt_emily_stands.ForestType from the
drop-down list.

f.  Click OK to complete the summary statistics.

8. Remove the join using the Join FVS Outputs to Polygons form in
ArcFuels (ArcFuels Toolbar->Landscape-> Simulate Landscape
Treatments->Join FVS Outputs to Polygons, fig. 7-39).

9. Join the FVS_Compute table from the notreat.mdb to the mt_emily_
stands shapefile for 2005 using the Join FVS Outputs to Polygons form
in ArcFuels (ArcFuels Toolbar=>Landscape-> Simulate Landscape
Treatments=>Join FVS Outputs to Polygons).
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10. Repeat step 7 for the notreat.mdb, naming the output “mt_emily stands_
untreated_statistics.dbf” and saving it to the outputs folder.

11. Using the File Explorer in ArcFuels (ArcFuels Toolbar=>Projects and
Files=>File Explorer) open the outputs folder.

12. Open the mt_emily_stands notreat statistics.dbf and mt_emily stands

treat_statistics.dbf files with Excel. Note that the headers were truncated

(fig. 7-42). They are in the order selected in the Summary Statistics form:
MEAN_FVS C is canopy cover (CANOPY), MEAN_FVS 1 is canopy
height (HTT), MEAN _FVS 2 is canopy base height (HTLIVE), and
MEAN_FVS 3 is canopy bulk density (CBD).

13. Create a new Excel workbook named “ForestTypeTreatmentAdjustments”

in the outputs folder.

a. Copy and paste the untreated and treated tables into the new work-
book and relabel the columns (see step 12). Label each table so that you
know which is which.

14. Within the Excel workbook, calculate the forest specific treatment adjust-
ment factors.
a. Adjustment factors can be replacements or multiplication factors. In
this example, multiplication factors will be calculated. The formula for
calculating the adjustment factors is:

1-((no-treatment — treated) / no treatment).
b. For an example of how to do this, see Exercise 4-4.

15. Open the Treatment adjustments.mdb in the data folder, copy and paste the

example_treatment adjustment table into the same Access database, and

rename the table “forest type.”

|z_|1tam_nt_treated_stands.dbf o B ER
A B c D E I F =
1 |mt_emily s FREQUENCY MEAN_FVS C MEAN_FVS 1 MEAN_FVS 2 MEAN_FVS_3
2 Douglas-fir 86 ©0.24418604650 73.92728543050| 11.63953488370 G.12582995?54’>
3 |Engelmann spruce 3 73.666606066670 96.79381306970 4.00000000000 0.21881929537|=
4 |Engelmann spruce-subalpine fir 5 7420000000000 93.40198822020 5.40000000000 3.242543?2?99\\
5 |Grand fir 148 73.14189189190 20.39480940070 9.97972972973 0.21675484270
6 |Lodgepole pine 5| 72.00000000000 70.60001602170 4.20000000000 0.28460837901
7 |Nonforested 79 3.64556962025 58.11344141900  12.22784810130 0.00307881027
8 Ponderosapine 53 65.00000000000 64.34554337560 8.84905660377 0.148744806446
9 |Subalpine fir 16 58.50000000000 79.63218545910 7.56250000000 0.21740268357
10 ‘Western larch 17 73.47058823530 77.97141153670 11.88235294120| 0.20131957843 _
M 4 » M| tom nt treated stands L] IEN [ | .:E

Figure 7-42—Untreated summary statistics table opened in Excel.
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a. Right-click on the table name and select Copy from the menu.

b. Right-click below the table name and select Paste from the menu.
Rename it when the Paste Table As window opens.

16. Open the new forest_type table.
a. Delete the old data by highlighting all the data lines and pressing
Delete on your keyboard.

b. Add a new text field named “forest type name.”

i.  With the table open, switch to Design View (Access Ribbon=>
Views->Design View).

ii. Under Field Name add a new line called “forest type name”

(fig. 7-43).

Field Name Data Type Description
treat_type Number required - stand identification number - links to the GIS layer
cbhd_adj Number no spaces in the field names or table name
cc_adj Number
cbh_adj Number
fm_adj Number
ch_ad] Number
forest_type_name Text

Figure 7-43—Adding a text field to the Access data table.

c. Switch back to the Datasheet View (Access Ribbon=>Views->
Datasheet View). When prompted to save the changes, click Yes.

d. Type the adjustment values into the table. Update the fm_adj to “181”
for all forest types. Because the forest type grid has a 0 value for the
grand fir forest type we need to assign new values to the forest types to
be able to use ArcFuels tools. Renumber treat_type based on number-
ing forest types alphabetically (i.e., Douglas-fir = 1, Englemann spruce
=2, etc., fig. 7-44).

17. Close the Treatment_adjustments.mdb database.

NOTE: The same process can be run when limited stand data is available. It

is not necessary to have tree list data for every stand in the landscape to derive
treatment adjustment factors. However, a sufficient sample should be available to
represent the variance within a given landscape, forest type, etc.
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jfarest_t}rpe
treat_type - |cc_adj - |ch_adj - cbh_adj - |cbd_adj - |fm_adj - forest_type_name -

1 0.4 0.57 2 0.21 181 Douglas-fir
2 0.22 1.03 8.08 0.09 181 Engelmann spruce
3 0.25 0.98 9.3 0.07 181 Engelmann spruce-subalpine fir
4 0.31 0.99 2.75 0.12 181 Grand fir
5 0.28 1.06 6.05 0.08 181 Lodgepole pine
& 0.83 1.02 0.83 0.69 181 Nonforested
7 0.38 0.93 2.38 0.2 181 Ponderosa pine
g 0.27 0.99 3.05 0.11 181 Subalpine fir
£ 0.32 1.01 2.27 0.12 181 Western larch

Figure 7-44—Forest specific treatment adjustment factors.

18. Combine the If tom20_mask and forest type grids using the Combine tool
(ArcToolbox=> Spatial Analyst Tools=>Local=> Combine, fig. 7-45).

a. Input rasters: If tom20_mask and forest_type.

b. Set the output resolution to 30 m (Environments...=>Raster Analysis

Settings, fig. 7-25).

i. Cell size: select As Specified Below from the drop-down list and

type “30” in the text box below.

c. Name the Output raster “tom_forest” and save it to the outputs folder

After treatment
adjustment factors are
calculated, verify that
the values are realistic.
Is an 808 percent
increase in canopy
base height accurate
for posttreatment in

Engelmann spruce?

Inpuk raskers

=10l |

2

Fforest_type
ZIF_tamz0_mask,

Output rasker

Ik

I Charcfuels\outputsitamn_Forest

Cancel

Environmments. ..

Show Help == |

=

e« |+ | % |+ |§

&

[

Figure 7-45—Combine from set to for combining the forest type and

TOM grids.

215



GENERAL TECHNICAL REPORT PNW-GTR-877

19. Open the attributes table for tom_forest and add a text field
named “FOREST.”

20. Join the forest type grid to the tom_forest grid to update the FOREST
NAME field with the forest names. In the ArcMap table of contents, right-
click on the tom_forest grid.

a. Select Joins and Relates from the menu.
b. Select Join and fill out as shown in figure 7-26.
c. Click OK.

21. Return to the tom_forest attributes table to populate the FOREST field.
a. Right-click on the FOREST field, which will now be called tom_forest.
vat:FOREST, and select Field Calculator from the menu to open the
Field Calculator form (fig. 7-27)

i. Update tom_forest.vat:FOREST select forest_type.
vat:FORESTTYPE from the Fields box or type “[forest_type.
vat:FORESTTYPE]” in the box.

ii. Click OK.
b. Add a short integer field named “TREAT TYPE.”

i. If LF_TOMZ20 has a value of 1 then update the TREAT TYPE field
with the new forest appropriate treat_type values from forest_type
stand table of the Treatment adjustments.mdb database (fig. 7-44).

ii. IfLF_TOMZ20 has a value of O then update the TREAT TYPE field
with a 0.

22. Remove the join (right-click on tom_forest=>»Joins and Relates=>Remove
Join(s)=>Remove All Joins).
23. Create a new treatment type grid from the tom_forest grid using
the Reclassify tool (ArcToolbox=>Spatial Analyst Tools=>
Reclass=> Reclassify, fig. 7-46).
a. Input raster: select tom_forest from the drop-down list.

b. Reclass field: select TREAT TYPE from the drop-down list.
¢. Reclassification: have the new classes match the old classes.

d. Output raster: name the new grid “tom_trt_type” and save it to the
outputs folder.

Look at the new treatment grid in ArcMap (fig. 7-47).
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Inpuk raster

ArcFuels User Guide and Tutorial: for Use with ArcGIS 9

=10 x|

I kann_Farest

Reclass field

5

| TREAT _TYPE
Reclassification

=]

a 0

Old values Hew values

.

Classify, .,

~Simih s Lk —

-

Delete Entries

il

Load... | Save. .. |

Reverse Mew Yalues | Precision. ..

Unique

Add Entry

Qutpuk rasker

I Charcfuels\outpuksitom_krk_bype

[T Change miszing valuss to MoD ata [optional]

o]

Cancel

Ervironments. .. | Show Help == |

=

=

Figure 7-46—Reclassify form to create the treatment type grid for use with ArcFuels.

[10- No treatment

g‘z‘: P nd I : - bouglas-fir
*

Bt [ 2 - Engelmann spruce
r‘?‘ﬁ B 3 - Englemann spruce-subalpine fir
1'}4&; B 4 - Grand fir

X I [ 5 - Lodgepole pine

1Y Oy |:| 6 - Nonforested
P B 7 - Ponderosa pine
ﬁ :; En B s - subalpine fir

< g B o - Western larch
et

AR da

oAt o "= o,
%3’5 4 *-‘-b_'xé‘
g

e
%
0 25

Figure 7-47—Forest specific treatment plan based on TOM run
completed in FlamMap3.
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24. Build a landscape file while applying treatments using treatment adjust-

Without the Build
FlamMap Landscape
form Apply Treatment
Adjustments option,
each grid (canopy
cover, canopy height,
canopy bulk density,
and fuel model) would
need to be updated
individually before
building the LCP.

ment factors using the Using ArcGIS Grid Data form (ArcFuels
Toolbar=>Landscape=>» Build FlamMap Landscape=>Using ArcGIS
Grid Data, fig. 7-48).

a. Elevation: select elevation and meters from the drop-down lists.

b. Slope: select slope and degrees from the drop-down lists.

c. Aspect: select aspect from the drop-down list.

d. Distance Units: select meters from the drop-down list.

e. Latitude: type “45” into the text box.

f. The output boundaries are based on: select the Grid Layer radio but-
ton, then select elevation from the drop-down list.

LCP Qutput File

Build LCP |

I Charcfuelsioutputsitom_alk.lcp|

Create Arc Grids |

Build LCP
Using FYS Database  Using ArcGIS Grid Data I Using Multiple Sources |
ArcGIS Grid Layers Units The output boundaries are based on:
Elewation elevation || meters = &+ Grid Layer I elevation ﬂ
Slape slope || degrees -
— — |  UTM Coordinates  n [5050937.730¢
Aspeck aspect |-
E 3 W | 407886.84457 E [418836.5443:
Distance Units I meters vl
5 |5025647.730¢
Latitude I 45
v apply Treatment Adjustments
Treatrent Type Database I Ciiarcfuelsidatal Treatment _adjustments, mdb |
Treatment Location a@rid | IF_tom20_mask x|  Treatment Adjustment Table | Forest_type ]
Treatment Type Grid tonn_trt_type | Treatment Type ID Field treat_type =
ArcGIS Grid Lavers Units Treatment Adjustmant Figlds
Fugl Madel IF_fbfm40 | <- | Fm_adj T
Canopy Cover IF_cc x| percent x| % | cc_adi hd " Replace
Canapy Height IF_ch x| meters,*10 w| % | ch_adi = ™ Replace
Canopy Base Height | IF_cbh x| meters,*10 w| % | cbh_adj = " Replace
Canopy Bulk Density | IF_cbd x| kgfm3,*100 w| % | cbd_adj = ™ Replace

N

Close |

Figure 7-48—Building the treated landscape from TOM and FVS modeling.
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g.  Apply Treatment Adjustments: check the box to the left. This will make

more options available.

i.  Treatment Type Database: navigate to and select the Treatment

adjustments.mdb in the data folder using the navigation button.

ii. Treatment Location Grid: select If_tom20_mask from the drop-

down list.

iii. Treatment Type Grid: select tom_trt_type from the drop-down list.

iv. Treatment Adjustment Table: select forest_type from the drop-

down list.

v. Treatment Type ID Field: select treat_type from the drop-down list.

h. Fuel Model: select If fbfm40 and fm_adj from the drop-down lists.

i. Canopy Cover: select If_cc, percent, and cc_adj from the drop-down

lists.

j. Canopy Height: select If _ch, meters,*10, and ch_adj from the drop-

down lists.

k. Canopy Base Height: select 1f _cbh, meters.*10, and cbh_adj from the

drop-down lists.

1. Canopy Bulk Density: select If_cbd, kg/m3.*¥100, and cbd_adj from the

drop-down lists.

m. LCP Output File: using the navigation button name the LCP “tom_alt.”

n. Click Build LCP.

TROUBLESHOOTING: If you

get an error message stating that the
cell sizes do not match (fig. 7-49),
check the properties of the Treatment
Location and Treatment Type Grids.
Chances are that one is 90 m and
needs to be 30 m; both must be 30 m.

IUnable bo build LCP:
Zell size of Treatment Type Grid does nok match

Figure 7-49—LCP building error window.

x|

Step 4: Run FlamMap3 fire behavior runs for the treatment alternatives—
In this step, FlamMap3 will be run for both the no-treatment and the TOM-derived
alternatives. The same line ignition from the TOM run (Exercise 6-4) in Flam-

Map3 will be used to run MTT. In addition the no-treatment alternative LCP

(If_notreat.lcp) will be used (created in Exercise 4-20).
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1. Open FlamMap3 and load the If notreat.lcp. Create a new run, and select
the Inputs tab (fig. 7-50).
a. Run name: type “No treat MTT” in the text box.

b. Fuel Moisture File (*fms): navigate to and load the mtemily_fuelmois-
ture.FMS from the data folder.

¢. Select the radio button to the left of Wind Direction.
1.  Windspeed (MPH @20): type “15” in the text box.

ii. Azimuth (Degrees): type “225” in the text box.

Run:NewRun x|

Inputz | Fire Behaviar Elutputsl kirirnm Travel Timel Treatment Optimization MDdE|I

Run Marme: IN':' treat MTT
— Fuel Maoisture Files
Fuel Maoizture File [ fmz): II::"-.arcfuels'xu:l...'xmtemil_l,l_fuelmu:uisture.FM |ﬂ

[~ Use Custom Fuels [* frmd] | _Iﬁl

—hfinds
€ “wind Blowing Uphil Wind Speed [MPH @& 207 |1 5 Eﬁ
* Wwind Direction Aziruth [Degrees): |225 3:

" wind Yectors

Ltk [Create
Direction I | +

Speed I | [Mizplay
— Canopy Characteristics
Height{m]: s Cancpy Bulk Density[K.g/m3]; IUE E:

Canopy Baze Height[m): |5 3: Foliar M oisture Content [%]: I'IEIEI 3:

— Fuel Moisture Settings
" |lze Fixed Fuel Moistures from Fuel Maisture File
£+ Use Fuel Moizture Conditioning

‘wieather File [* wir]: IE:"aarcfuels'\data'\mtemil_l,l_weather.wtr ﬁl
Wind File [*.wnd]: II::'\arcfuels'xdata'xmtemil_l,l_wind.wnu:l ﬂ
Fuel Moisture Conditioning Penod
Day Time

Stat | 8/10 =l 1zooeM -

End | 8/14 R =
[Launch | k. I Cancel | Apply | Help

Meed Fuel Moisture File |N|:| oukputs selected |N|:| existing oukputs

Figure 7-50—FlamMap3 Inputs tab for the no-treatment alternative.
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Foliar Moisture Content (%): type “100” in the text box.
Select the radio button to the left of Use Fuel Moisture Conditioning.

i.  Weather file (*wtr): navigate to and load the mtemily weather.wtr
from the data folder.

ii. Wind file (*wnd): navigate to and load the mtemily_wind.wnd from
the data folder.

iii. Fuel Moisture Conditioning Period: set the Start date to “8/10” and
the End date to “8/14.” Set the Start and End times to “13:00 PM.”

Click Apply.

2. Select the Fire Behavior Outputs tab.

a.

C.

Processor Usage and Memory/Disk Usage: leave the default values in
place.

Crown Fire Calculation Method: select the radio button to the left of
Scott/Reinhardt (2001).

Click Apply.

3. Select the Minimum Travel Time tab (fig. 7-51).

a.
b.

C.

f.

Ignitions: load the ignition.shp file from the outputs folder.
Resolution of calculations: type “90” in the text box.
Maximum Simulation Time: type “0” in the text box.

Interval for Minimum Travel Paths: type “500” in the text box.

Outputs: select Rate of Spread Grid, Arrival Time Grid, Fire Intensity
Map, and Major Paths.

Click Apply, then Launch.

4. Save the outputs.

a.

Save the MTT Major Paths as “tom_nt mtt paths.shp” in the outputs
folder.

Change the units for the MTT FLI Map to BTU/ft/sec and save it as

“tom_nt_fli.asc” in the outputs folder.
Contour the MTT Arrival Time to create a progression map.

i.  To contour, right-click on the theme in the pane and select Contour

from the menu.
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Run:NewRun x|

|npuits I Fire BEehavior Outputs  Minimumn Travel Time | Treatment Optimization kModel I

— |anitians

% Fram File |Laad Current lanitions |
IE:'xaru:fuels"-.u:uutputs"-.igniti-:un.shp |

£~ Fandam
MHurnber af Randarn [gnitions: 100 =

Ratation Direction for node lattice [degrees]:|225 3:

Resalution of calculations[distance]; |30

b airnunn Sirulation Time [minutes, 0 = Unlimited, per Ignitiu:un]:lﬂ 3:

Interal fior Mirimum Travel Paths [-:Iist-znr‘u:e]:l5':”:I 3:

— Inputz

— Dutputs
W Fate of Spread Grid [ Flow Paths [T Bum Probakilities
: : [Frandon [gritions
[ Influence Grid IV Major Paths Drily]

W Arival Time Giid [ Amival Time Contour
¥ Fire Intensity kap

SelectAll | Remave Al

[Launch | k. I Cancel | Apply | Help

Inpuks Ok |N|:| oukputs selected |N|:| existing outputs

Figure 7-51—FlamMap3 Minimum Travel Time tab for the no-treatment alternative.

ii. Contour interval: set the interval to 480. This is 8 hr or 1 day.

iii. Minimum Distance between points on a contour line: set the dis-
tance to 90. This is the default and is equal to the resolution used in

the FlamMap3 run.
iv. Click OK.

v. Expand Auxiliary Themes, then expand Contours. The created con-

tour will be there. Save the contour file as “tom_nt_contour480.shp.”
5. Repeat steps 1 through 4 with the tom_alt.Ilcp saving the outputs as “tom_alt ...
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Step 5: Assess the effectiveness of the treatment alternatives—

To assess the effectiveness of the TOM treatment alternative, we will create two
maps, one with the MTT travel paths and the treatment units, and another with the
fire progression (contours) and treatment units. Next we will summarize fire sever-
ity using fireline intensity inside and outside of treatment units based on hauling
chart (table 7-1) categories.

1. Addthe tom_nt _mtt paths.shp, tom_alt mtt paths.shp, tom nt con-

tour480.shp, and tom_alt contour480.shp layers from FlamMap3 to
ArcMap from the outputs folder.

a. The outputs saved from FlamMap3 do not contain projection informa-
tion; a warning window will open (fig. 7-52). Click OK.

A Unknown Spatial Reference I 7| x|

The following data sources you added are mizzing spatial reference
infarmation. Thiz data can be drawn in Archap, but cannat be projected:

korn_nt_contourd20
torn_nt_mtt_paths
karn_alt_mtt_paths
korm_alt_contourd 80

=
- of

Figure 7-52—Unknown Spatial Reference window from ArcMap.

2. Define the projection (NAD 1983 UTM_Zone 11N) of all four newly
added FlamMap3 layers in ArcMap (ArcToolbox=>Data Management
Tools=>Projections and Transformations=> Define Projection).

3. Display the MTT treatment paths over the tom_trt type grid (fig. 7-53).
Zoom into and out of different areas. Did the treatments affect fire spread?

4. Display the fire progression contours over the tom_trt_type grid (fig. 7-54).
Did the treatments slow the daily fire spread?

5. Batch convert the tom_nt_fli.asc and tom_alt_fli.asc as integer types

while defining the projection using the Batch Convert Ascii to Grid form
(ArcFuels Toolbar-> Conversion-> Batch Convert Ascii to Grid).
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FlamMap MTT travel
paths show how the
fire moves across

the landscape. When
they are overlayed on
treatment units, you
can see the effect of
the planned treatment
alternatives on fire
spread.
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Figure 7-53—Minimum Travel Time paths for the no-treatment and TOM treatment alternatives
over the treatment units for the whole landscape (A), and then zoomed in to show the differences
between the no-treatment (B) and TOM alternative (C) for the same area.

6. Reclassify tom_nt_fli according to the hauling chart (ArcFuels Toolbar->
Spatial Analyst Tools=> Reclass=> Reclassify, table 7-1; fig. 7-55).
a. Input raster: select tom_nt_fli from the drop-down list.

b. Reclass field: select VALUE from the drop-down list.

c. Reclassification: click Classify... to open the Classification form (fig.
7-56).

i. Method: select Equal Interval from the drop-down list.




1i.

iii.

1v.

Classes: select 5 from the

drop-down list.

Break Values: set the val-
ues to 0, 100, 500, 1000
and the high value (11670

in the example).
Click OK.

Set the New Values to
match the high end of the
Old values classes.

Output raster: name the grid

“tom_nt fli ¢” and save it to

the outputs folder.

7. Repeat step 6 with the tom_alt fli

grid.

8. Tabulate the area and percentage

of the landscape in each fireline

intensity class inside and outside

of treatment units for the no-treat-

ment alternative using the tom_

nt fli candIf tom20 mask grids
(ArcToolbox=> Spatial Analyst
Tools=>Zonal>Tabulate Area,
fig. 7-57).

Input raster or feature zone
data: select If _tom20 mask

a.

from the drop-down list.

ArcFuels User Guide and Tutorial: for Use with ArcGIS 9

Treatment unit
=0 trestment aternstive
=T alternative

Figure 7-54—Minimum Travel Time Arrival Time
contours of daily (480 min) fire progression for the
no-treatment and TOM treatment alternatives over
the treatment units for the whole landscape.

Zone field: select VALUE from the drop-down list.

Input raster of feature class data: select tom_nt_fli_c from the drop-

down list.

Class field: select VALUE from the drop-down list.

The distance between
contour lines (daily
fire progression) show
that the treatment
alternative is effective
at slowing fire growth.
Because the simulation
time was set to “0”

the whole landscape
was burned for both
treatment alternatives.
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_lojx

Inpuk raster —
ICn:nn'-.fersin:nn Resulksitarn_nk_li ;I ﬁl
Reclass field
| vALUE =l
Reclassification
Old values Hew values =
0 0 Classify, .,
0-100 100 Unique
100~ 500 500 4|':'
500 - 1000 1000
1000 - 11670 11670 Add Entry |
MoData MoData
Delete Entriesl
-
Load... | Save... | Reverse Mew Values | Precisian. .. |
Qutpuk rasker
I :\arcfuelsoutputsitom_nk_Ffli_c| ﬁl
¥ Change missing values to Mol ata [optional] 3
Ik | Cancel Environments. .. | Show Help = |

Figure 7-55—Reclassify form filled out to reclassify fireline intensity based on hauling
chart values.

Classification 2|
r—Classification r Classification Statistics ————————————————
Method: IManuaI j Count: 28737

Minimum: u]
Classes:  [© =] Mascinnn: 11670
—Data Exclusion Surmn: 17872404
Mean: 621,930055
Exclusion ... | Sampling ... | Standard Deviation: 991,900185
Columns: 100 = [ Show Std. Dev. " Show Mean
Break Yalues e
o —
190051218 7 o
— | —
- - 100
So0
1000
11670
10000~
5000-
e
a 2917.48 a835 87525 11670
| Snap breaks to data values 5961 Elements in Class Cancel |

Figure 7-56—Reclassify form used to set the number of classes and associated values.
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=10 x|

Input raskter or Feature zone data

I IF_kom20_mask

Zone field

K1

| vALUE
Input raster or Feature class data

I karn_nk_fli_c
Class field

K1

| vALUE
Cutput table

I Charcfuels\outputsitarm_nk_Fli_area

Processing cell size (optional)

B L % ] |%

|gn

(0] 4 Zance|

Environments. ..

L

[

Show Help =3 |

Figure 7-57—Tabulate area tool from ArcMap setup to calculate the area inside and
outside of treatment units for each fireline intensity category.

e. Output table: name the output “tom_nt fli_area” and save it to the out-

puts folder.

f.  Processing cell size (optional): leave the default “90,” which is the

same resolution as the fireline intensity grid.

9. Repeat step 8 with tom_alt fli c and If tom20_ mask grids.

10. Open the tom_nt_fli_area and tom_alt fli_area tables (fig. 7-58). You will

need to go to the Source tab in the ArcMap table of contents to see the new

tables. The area units are m” and the row with VALUE equal to 0 are out-
side of treatment units and VALUE equal to 1 are inside. The VALUE xx
columns are the fireline intensity categories where xx is 0, 100, etc. relat-

ing to the reclassification classes.

B Attributes of tom_krt_fli_area = | Ellﬂ
Rowid | WALUE | VALUE 0 | VALUE 100 | YALUE 500 | VALUE 1000 | wAlLUE 11670
k 1 1] 1800 39332000 I 2400 1614600 2705400
2 1 420500 3870900 41400 0 1]

vt 1 T 5o

Show: IW Selected |

Records (0 ouk af 2

~|

Figure 7-58—Tabulate area table with the area (m?) inside (1) and outside (0) treatment units for fireline
intensity classes based on the hauling chart (VALUE_X).
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11. Fill out table 7-4 with the values from tom nt_fli_area and tom_alt_fli

area and calculate percentages.

Because we used the MTT fireline intensity rather than the basic fire behavior
fireline intensity, fire was modeled across the landscape from the ignition line.
Modeling fire spread allows us to see how the fuel treatments affected fire behavior

inside and outside of treatments.

Table 7-4—Area (m?) and total landscape percentage by fireline intensity class inside and outside of
treatment units as well as for the landscape as a whole for the no-treatment and TOM alternatives

Fireline intensity class

Alternative Location 0 >0-100 100-500 500-1,000 >1,000
Square Percent Square Percent Square Percent Square Percent Square Percent
meters meters meters meters meters
No-treatment Inside 900 738,900 5 985,500 6 56880 3 2,092,500 13
Outside 900 3,112,200 19 3429900 21 1418400 9 4,005,900 24
Landscape

TOM alternative  Inside
Outside
Landscape

490,500 3,870,900 24 41,400 0 0 0 0 0
1,800 3,933,000 24 3,713,400 23 1,614,600 10 2,705,400 17

0
0
1,800 0 3,851,100 24 4415400 27 198720 12 6,098,400 37
3
0
492,300 3 7803900 48 3,754,800 23 1,614,600 10 2,705,400 17

By using MTT the
effect of treatments on
fire behavior outside of
the treatment units can
be analyzed; this is not
true of the basic fire
behavior outputs.
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NOTE: If you wanted to see the affect by treatment type, the Tabulate Area
form could have been used with the tom_treat type grid rather than the
If tom20_mask grid.

Designing Landscape Level Fuel Treatment Alternatives By
Using a Pre-existing Plan With Grid Data
Fuel treatment alternatives are often designed by planning teams. The treatment
locations and changes are known and it is up to the fuels specialist to use this
data to complete fire behavior modeling to compare the treatment alternatives for
specialist reports, NEPA and EA documents, etc.

The steps required to do this type of analysis are:

1. Acquire existing condition data and update if necessary.
2. “Implement” the preexisting fuel treat alternative.

3. Run FlamMap3 for fire behavior.

4. Assess the effectiveness of the treatment alternatives.

The following scenario will complete the above steps using LANDFIRE grids
to create the no-treatment and treated alternatives for fire behavior modeling in
FlamMap3.
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Step 1: Acquire existing condition data and update if necessary—
The data supplied by LANDFIRE are assumed to be accurate and not in need
of updating.

Step 2: “Implement” the preexisting fuel treat alternatives—

The supplied treatment_units shapefile will be used in this exercise. It contains four
fuel treatment alternatives: AltA Low, AltB_Low, AltA Mod, and AltB_Mod.
The “Low” alternatives both treat about 20 percent of the landscape, and the “Mod”
alternatives treat about 40 percent of the landscape. The primary goal of alternative
A is to treat within the wildlands and alternative B is to protect the WUI. The treat-
ment types within each alternative include hand thin and pile burn, mastication,
prescribed fire, thin from below, thin from below and burn, and commercial thin
(fig. 7-59).

Quite often the
location and the

type of treatment

to be implemented

is predetermined.
ArcFuels can be
used to “implement”
preplanned treatment

alternatives.

AltA Low
o

AltB Low AltA Mod
" pfa b g BT
3 -

AltB Mod
Ay !

s

B Commercial thin
Handthin & pile burn

1 Prescribed fire
M Thin
Thin & burn

Figure 7-59—Hypothetical fuel treatment alternatives for Mt. Emily.

Your silvicultualist ran FFE-FVS from some stand exams that were representa-
tive of your project area and supplied you with information on how to alter the
current conditions to represent posttreatment conditions (table 7-5).

You, the fuels specialist, then assigned fuel models that would represent post-
treatment conditions (table 7-6). The first step in this process will be to create a
treatment adjustments table. Once the table is created, treatment location and type
grids will be built for each alternative. Then the treatment adjustments table and
locations grids will be used to build landscape files for each alternative for use

in FlamMap3.
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Table 7-5—Fuel treatment effects on canopy characteristics for various fuel
treatment types

Canopy Canopy
Treatment type  Canopy cover  Canopy height  base height  bulk density
Hand thin and Reduce 5% No change 6 ft No change
pile burn
Prescribed burn Reduce 10% No change 10 ft Reduce 10%
Mastication Reduce 15% No change 10 ft Reduce 15%
Thin from below  Reduce 25% No change 15 ft Reduce 20%
Thin from below  Reduce 35% No change 20 ft Reduce 25%
and burn
Commercial thin ~ Reduce 50% Reduce 20% 6 ft Reduce 60%
Table 7-6—Posttreatment fuel model assignments
Treatment type Fuel model
Hand thin and pile burn TL8 (188) — long-needle litter
Prescribed burn TLI1 (181) — low load compact conifer litter
Mastication SB1 (201) — low load activity fuel
Thin from below TUI (161) — low load, dry climate timber-grass-shrub
Thin from below and burn ~ TL1 (181) — low load compact conifer litter
Commercial thin GSI (121) — low load, dry climate grass-shrub

1. Export the treatment_units attributes to Excel using the Copy Attributes
to Spreadsheet form in ArcFuels (ArcFuels=> Conversion=> Copy
Attributes to Spreadsheet).

a. Name the file “treatment_units.xls” and save it to the outputs folder.
b. If a warning window opens about the version of Excel, click Yes.

2. With treatment_units.xIs open, add treatment adjustment fields for each
alternative (fig. 7-60).

a. The headers are Alow_xx, Blow xx, Amod_xx, and Bmod_xx, where

XX 18: cc, ch, cbh, cbd, and fm.

A B C D E F G H 1 ] K L
1 |FID |StandID |AreaAc AltA_Low AltB_Low AltA_Mod AltB_Mod  |Alow_cc |Alow_ch |Alow_cbh |Alow_cbd [Alow_fm
20 |2 28.13647253 Thin & burn Thin & burn
3|1 3 33.98599887 Thin & burn
4 2 |5 137.9095741 Thin & burn Thin & burn 0.65 1 61 0.75 181
53 8 52.80929879 Thin & burn
6 4 9 60.91838335 Thin & burn
75 |11 23,07015155 Commercial thin Commercial thin 0.5 0.8 18 0.4 121
36 12 24.83723035 Commercial thin
9 7 |16 3.870419054 Thin & burn Thin & burn 0.65 1 61 0.75 181
10 (8 |17 5.811885284 Commercial thin Commercial thin 0.5 0.8 18 0.4 121

Figure 7-60—Excel worksheet with treatment adjustments for the four fuel treatment alternatives; only the AItA low treat-
ment adjustments are shown in the figure.
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b. Using tables 7-5 and 7-6, update the appropriate fields with the adjustments.

i.  For canopy cover, canopy height, and canopy bulk density, the
changes will be multiplication factors. So a reduction of 10 percent

is a multiplication factor of 0.90.

ii. For canopy base height and fuel model, the changes are replace-
ments. The LANDFIRE units for canopy base height are m*10; the
replacement values need to be in the correct units. For example,
hand thin and pile burn result in a canopy base height of 6 ft which

is equivalent to 1.83 m, so the replacement value will be 18.
iii. Leave the fields blank that are not treated.

3. Open the Treatment adjustments.mdb database in the data folder.

a. Copy and paste the example treatment adjustments data table and

rename it “AltA_ Low.”

b. Copy and paste the corresponding columns from treatment units.xls
into the data table (fig. 7-61). Only copy the fields where adjustment

factors were required. For this alternative that is 214 stands.

Ef AntA Low
treat_type - cc_adj -~ ch_adj - cbh_adj - cbd_adj - fm_adj -
3 0.65 1 61 0.75 181
11 0.5 0.8 18 0.4 1211
16 0.65 1 61 0.75 181
17 0.5 0.8 18 0.4 1211
24 0.65 1 61 0.75 181
25 0.5 0.8 18 0.4 1211
27 0.5 0.8 18 0.4 121
30 0.5 0.8 18 0.4 1211
36 0.9 1 30 0.9 181

Figure 7-61—Treatment adjustments table for the AItA Low alternative.

i.  The treat type column in the Mt Emily Alts is the StandID field
in treatment_units.xIs.

ii. When the Access window opens asking if you are sure you want
to paste the records, click Yes. As verification that you are pasting
them all it should be 214 records.

c. Close the Access database.

4. Repeat step 3 for the remaining alternatives.
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NOTE: The treatment adjustments data table can be created a number of ways.
For example, the process can be done within Access using queries to update the
treatment adjustments by treatment type for each alternative. Or the adjustments
fields can be added to the attributes table in ArcMap and then exported as a *.dbf
file opened in Excel and copied into Access.

5. Select stands with treatments from the AltA Low field in the treatment
units shapefile.

6. Create a treatment location and type grid from the selected stands using the
Polygon to Raster tool in ArcMap (ArcToolbox=>» Conversion Tools=>To
Raster=>Polygon to Raster, fig. 7-62).

REET

Inpuk Features
I Demo_dataltreatment_units ;I
Yalue field

=
| standiD |
=
=
=

QOutput Raster Dataset

I Charcfuels\outputsialta_low

el assignment: type {optional)
| CELL_CEMTER

Priority field {optional)

| MonE

Cellsize {optionaly

| 30] g s

O | Cancel Environments. .. | Show Help == |

Figure 7-62—Polygon to Raster form used to create the AltA Low
treatment alternative.

a. Input Features: select treatment_units from the drop-down list.
b. Value field: select StandID from the drop-down list.

c. Output Raster Dataset: name the grid “alta low” and save it to the out-
puts folder.

d. Cell assignment type (optional): select CELL_CENTER from the drop-

down list.
e. Priority field: select NONE from the drop-down list.

f.  Cellsize: type “30” in the text box.
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g. Click on Environments....

i. Expand the General Settings option.
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ii. Scroll down to Snap Raster and select stands from the drop-down

list.

iii. Click OK to return to the Polygon to Raster form.

h. Click OK to create the grid.

7. Repeat steps 5 and 6 for the remaining alternatives.

8. Build the LCP for the Alt A Low alternative using the treatment adjust-
ments database, the treatment type and location grid, and the existing
conditions LANDFIRE data using the Using ArcGIS Grid Data form in
ArcFuels (ArcFuels=> Landscape=>Build FlamMap Landscape =>Using
ArcGIS Grid Data, fig. 7-63).

Build LCP x|
Using F¥S Database  Using ArcGIS Grid Data | Lsing Multiple Sources |
ArcGIS Grid Lavers Units The output boundaries are based on:
Elevation elevation x| meters | g G | elevation j
Slope slope || degrees -
— — | O UTMCoordinates ISDSDQS?.?SW
Aspect aspect |1
g : W I4D?886.8443§ B |418836.84435
Distance Units I meters vl
5 |502564?.?30‘
Latitude I 45
[V apply Treatment Adjustments
Treatment Type Database I Cilarcfuelsidatal Treatment_adjustments.mdb |
Treatment Location Grid | alta_law x| Treatment Adjustment Table | AltA_Low i
Treatment Type Grid alta_low I Treatment Type ID Field treat_tvpe [
BroalS Grid Layers Lnits Treatment Adjustment Figlds
Fuel Madel If _Fhfme0 i) < | fm_adj I
Canopy Cover IF_cc x| percent | ow | cc_adj ) [ Replace
Canopy Height IF_ch || meters,*10 x| ® | ch_adi hd [ Replace
Canopy Base Height | If_cbh || meters,*10 x| < | cbh_adj hd Wiﬁgg!ggﬁj
Canopy Bulk Density | If_cbd || kgim3,*100 = | % | chd_adi hd [ Replace
LCP Qutput File I Charcfuelsioutputsialk_a_Low lcp |
Build LCP | Create Arc Grids |

Close |

Figure 7-63—Using ArcGIS Grid Data form from ArcFuels setup to build the AltA Low fuel

treatment alternative LCP.
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Although not
demonstrated,
outputting the treated
grid files is smart for
archiving data for the

treatment alternatives.
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n.

Elevation: select elevation and meters from the drop-down lists.

Slope: select slope and degrees from the drop-down lists.

Aspect: select aspect from the drop-down list.

Distance Units: select meters from the drop-down list.

Latitude: type “45” into the text box.

The output boundaries are based on: select the Grid Layer radio but-
ton, then select elevation from the drop-down list.

Apply Treatment Adjustments: check the box to the left. This will make

more options available.

i. Treatment Type Database: navigate to and select the Treatment

adjustments.mdb in the data folder using the navigation button.

ii. Treatment Location Grid: select alta_low from the drop-down list.
iii. Treatment Type Grid: select alta_low from the drop-down list.

iv. Treatment Adjustment Table: select AltA_Low from the drop-

down list.
v. Treatment Type ID Field: select treat_type from the drop-down list.

Fuel Model: select If fbfm40 and fm_adj from the drop-down lists.

Canopy Cover: select If_cc, percent, and cc_adj from the drop-down

lists.

Canopy Height: select If _ch, meters.*10, and ch_adj from the drop-

down lists.

Canopy Base Height: select If _cbh, meters,*10, and cbh_adj from the

drop-down lists and select Replace.

Canopy Bulk Density: select If_cbd, kg/m3.*100, and cbd_adj from the

drop-down lists.

LCP Output File: using the navigation button name the LCP “Alt A

9

Low.

Click Build LCP.

Repeat step 8 for the remaining three treatment alternatives.



Step 3: Run FlamMap3 for fire behavior—
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For fuel treatment effectiveness, hazard and burn probability will be summarized
and mapped for each alternative including the no-treatment alternative. All five
treatment alternatives will be run through FlamMap3 to output flame length, crown

fire activity, and burn probability.

1. Open FlamMap3 and load the If_notreat.lcp. Create a new run and select

the Inputs tab (fig. 7-64).

a. Run name: type “Mt. Emily No Action” in the text box.

b. Fuel Moisture File (*fims): navigate to and load the mtemily_fuelmois-

ture.FMS from the data folder.

Run : Mt. Emily Mo Action

Inputz | Fire Behaviar Elutputsl kirirnm Travel Timel Treatment Optimization MDdE|I

X

Run Name:  [Mt. Emily Mo Action
— Fuel Moisture Filez

Fuel Moisture File [*.fmsz]:

II::"-.arcfuels'xu:l...'xmtemil_l,l_fuelmu:uisture.FM Iﬂ

[~ Use Custom Fuels [* frmd] |

1

—hfinds
€ Wind BlowingUphil  Wind Speed MPH @ 203 5 =3
Azimuth [Dearees]:

£ "wind Direction
" wind Yectors
Directian I

Speed I

|225 3:

_I [Create
+
| Display

— Canopy Characteristics

Height[m]: 15 =

Canopy Baze Height(m): |5 3:

= Canopy Bulk DensityKalm3): ID.2 E:

Faliar Moisture Cantert [%]: I'IEIEI 3:

— Fuel Moisture Settings

" |lze Fixed Fuel Moistures from Fuel Maisture File
£+ Use Fuel Moizture Conditioning

‘wieather File [* wir]: IE:"aarcfuels'\data'\mtemil_l,l_weather.wtr

Wind File [".wnd): II::'\arcfuels'xdata'xmtemil_l,l_wind.wnu:l

Fuel Moisture Conditioning Penod

=
=

| [

Day Time
Stat | 8/10 M =
End | 8/14 R =
[Launch | k. | Cancel | Apply | Help

|Neeu:| Fuel Moisture File |3 outputs selected

|N|:| existing outputs

Figure 7-64—FlamMap3 Inputs tab for the no-treatment alternative.
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C.

f.

Select the radio button to the left of Wind Direction.

iii. Windspeed (MPH @20’): type “15” in the text box.

iv. Azimuth (Degrees): type “225” in the text box.

Foliar Moisture Content (%): type “100” in the text box.

Select the radio button to the left of Use Fuel Moisture Conditioning.

iv. Weather file (* wtr): navigate to and load the mtemily weather.wtr
from the data folder.

v. Wind file (*wnd): navigate to and load the mtemily wind.wnd from
the data folder.

vi. Fuel Moisture Conditioning Period: set the Start date to “8/10” and
the End date to ““8/14.” Set the Start and End times to “13:00 PM.”

Click Apply.

Select the Fire Behavior Outputs tab.

a.

€.

Processor Usage and Memory/Disk Usage: leave the default values in

place.
Output grids: select Flame Length and Crown Fire Activity.

Crown Fire Calculation Method: select the radio button to the left of
Scott/Reinhardt (2001).

Options: select the radio button to the left of Relative Spread Direction
From Maximum.

Click Apply.

Select the Minimum Travel Time tab.

a.

Ignitions: select the radio button to the left of Random.

i.  Number of Random Ignitions: type “2500” in the text box.
Resolution of calculations: type “90” in the text box.
Maximum Simulation Time: type “480” in the text box.
Interval for Minimum Travel Paths: type “500” in the text box.

Click Apply and then click Launch. Depending on your computer, this
should take 30 to 60 minutes.
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4. Save the outputs.
a. Save the MTT Burn Probability as “no_act_bp.asc” in the outputs
folder.

b. Save the Crown Fire Activity as “no act_cfa.asc” in the outputs folder.

c. Change the units on Flame Length to feet and save it as “no_act fl.asc”
in the outputs folder.

5. Repeat steps 1-4 with Alt A _Low.lcp, Alt B _Low.lcp, Alt A Mod.lcp,

29 ¢

and Alt B_Mod.lcp, saving the outputs as “a_low ...,” “b low ...” “a_

mod ...,” and “b_mod_...” respectively.

Step 4: Assess the effectiveness of the treatment alternatives—

For fuel treatment effectiveness, hazard and burn probability will be summarized

and mapped for each alternative including the no-treatment alternative for the Mt.

Emily project area as a whole. We will use a different wildfire hazard matrix this

round with only three categories: low, medium, and high (table 7-7), and three

classes of burn probability: low, medium, and high.

1. Batch convert the crown fire activity ASClIs as Integer data types and then
batch convert flame length and burn probability ASCIIs as Floating point data
types while defining the projection using the Batch Convert Ascii to Grid
form in ArcFuels (ArcFuels Toolbar=>Conversion=> Batch Convert Ascii
to Grid).

2. Reclassify no_act_fl (ArcFuels Toolbar->»Spatial Analyst Tools=>
Reclass> Reclassify, table 7-7; fig. 7-65).

a. Input raster: select no_act_fl from the drop-down list.

b. Reclass field: select VALUE from the drop-down list.

. Reclassification: click Classify... to open the Classification form
(fig. 7-66).

i.  Method: select Equal Interval from the drop-down list.
ii. Classes: select 4 from the drop-down list.
iii. Break Values: set the values to 4, 8, 11, and 139.
iv. Click OK.
d. Set the New Values to match the high end of the Old values classes.

e. Output raster: name the grid “no_act fl_c¢” and save it to the outputs
folder.

3. Repeat step 2 with the remaining four flame length grids.
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* Reclassify

=101 x|

Input raster

1

|Cn:nnversin:nn Results\no_ack_fl -

Reclass field

]

| Walue
Reclassification

1 &

Old values Hew values =
0.4 4 — Classify. .. |
4 -8 g f
5111 11 ﬂl
11-139 139
MaoDats MaData &dd Entry |
Delete Entriesl
-
Load... | Save... | Reverse New Yalues | Precision. .. |

Qukpuk rasker

I Charcfuelshoutpotsino_ack_fl_c

[ Change missing values ta Mol ata [optional]

(0] 4 | Cancel | Envirnnments...l Show Help == |

hd

Figure 7-65—Reclassify form filled out to reclassify flame length.

[ Snap breaks to data values

r Classification r—Classification Statistics
Method: IManuaI j Caounk: 305646
Minirnurn: 1]
Classest [ 7| Masimum: 135.740906
e e Surn: 4001101.831033
Mean: 13.09064
Exclusion ... | Sarmpling ... | Standard Deviation: 16902017
Columns: 100 = [~ show Skd, Dev. [ Show Mean
Break Yalues o
150000 , - —
= 00 o
ke 4
g
139
1000004
A0000
a I T T
0 34 685226 69.370443 104.055679 138.740906

Cancel |

Figure 7-66—Classification form used to set the number of classes and associated values.
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4. Reclassify no_act_bp (ArcFuels Toolbar->Spatial Analyst Tools=>
Reclass> Reclassify, fig. 7-67).
a. Input raster: select no_act bp from the drop-down list.

b. Reclass field: select VALUE from the drop-down list.
C. Reclassification: click Classify... to open the Classification form.

i. Method: select Quantile from the drop-down list. Quanitles are cat-

egories with equal numbers of data.
ii. Classes: select 3 from the drop-down list.
iii. Click OK.
d. Click Save... and save the quantile classification as “no_act_bp_quan-

tile” in the outputs folder for use with the remaining burn

probability grids.

e. Output raster: name the grid “no_act bp c¢” and save it to the
outputs folder.

I

-]
Inpuk raster
IC:::n'-.-'ersiu:un Resultsyno_ack_bp LI ﬁl
Reclass field
I'u'alue j
Reclassification
Old values Hew values = ;
0- 0029547 1 _| _Cassify... |
0029547 - 007333 2 e
0.073351 - 0422 3 4|':'
MoDats MoDats
Add Entry |
Delete Entriesl
-
Load... | Save. .. | Reverse Mew Yalues | Precisian. .. |
Output rasker
I Charcfuels\outputsino_ack_bp o ==
[ Change miszing values to MoD ata [optional] _I
w

O Zancel Environments. .. Show Help == |

Figure 7-67—Reclassify form filled out to reclassify fireline intensity based on hauling
chart values.

239



GENERAL TECHNICAL REPORT PNW-GTR-877

5. Repeat steps 4a and b with the remaining four burn probability grids.

However, click Load... and select no_act_bp_quantile to reuse the same

classes as the no-action alternative to keep the classification the same for
all grids.

6. Combine the reclassified flame length and burn probability grids
and the crown fire activity grid using the Combine tool in ArcMap
(ArcToolbox=> Spatial Analyst Tools=>Local=> Combine, fig. 7-68).

a. Input rasters: select no_act fl ¢, no_act bp_c and no_act cfa from the

drop-down list.

b. OQutput raster: name the grid “no_act _combo” and save it in the out-

puts folder. The “combo” at the end indicates this is the combined grid.

c. To include only areas within the Mt. Emily area and set the cell size,
click Environments... and expand >>Raster Analysis Settings.

i. Cell Size: select As specified below from the drop-down list and

type “30” in the text box below.
ii. Mask: select stands from the drop-down list.
iii. Click OK to apply the changes.

d. Click OK to complete the combine.

-0l
Inpuk raskters

! &

& no_ack_fl_c
&no_ack_bp ¢
&Fno_ack_cfa

e | |X |+ |®

Cakpuk rasker

I Charcfuels\outpuksino_actk_combo

1]

= L7}
S

K, | Zancel | Envirnnments...l Show Help == |

Figure 7-68—Combine form in ArcMap used to combine the reclassifed
flame length and burn probability and crown fire activity grids.
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7. Open the attributes table for no_act combo and add a text field
(Options>Add Field) named “BP_HAZ.”
a. Using the Field Calculator (right-click on the BP_HAZ column and
select Field Calculator from the menu), update the fields based on
the burn probability categories (low = 1, medium = 2, and high = 3)
and hazard (see table  Taple 7-7—Wildfire hazard matrix for the Mt. Emily
7-7). For example, burn fuel treatment project

probability class 1, Flame Surface Passive Active
length fire (0-1) crown fire (2)  crown fire (3)

crown fire activity class

0-4 Low Low High
1 and flame length class . .
& 4-8 Low Medium High
4 would be “low-low”  g_1] Medium Medium High
(fig. 7-69). 11+ Medium High High
B Attributes of no_act_combo o =] [EX
Rowid | WALUE* | COUNT | HO_ACT BP C | HO_ACT FL_C | HO_ACT_CFA BP HAZ -
24 251 14029 1 4 0| Ledy-Lonny
14 15 5556 1 4 1 LA -Lonns
15 19 193 1 4 2| Lendy-Lomns
23 24 =t 1 g 1 LA -Lonns
16 17 393 1 g 2| LA -MEDILIN
26 X a5 1 11 1 | LA -MEDILIN
15 16 1095 1 11 2| LA -MEDILIN
22 23 B537 1 139 2| Lo -HIGH ;I
Record: ﬂjl n ﬂﬂ Show: I Al Selected | Records {0 out of 28 Selected) j

Figure 7-69—Attributes table with the burn probability and hazard (BP_HAZ) data populated.

8. Summarize the cell counts by BP HAZ class.
a. Open the attributes table for no_act_combo; right-click on the BP_
HAZ column and select Summarize (fig. 7-70).

i. Select a field to summarize: select BP_HAZ from the drop-down
list.

ii. Choose one or more summary statistics to be included in the output
table: expand COUNT and select Sum from the options.

iii. Specify output table: name the table “no_act bp haz.dbf” and save
it in the outputs folder.

9. Repeat steps 6 through 8 with the remaining grids.
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summarize x|

Summarize creates a new table containing one record for each unigue value
aof the selected field, along with statiztics summarizing any of the other figlds.

Pixel counts can be

used to calculate 1. Select a field to summarize:
percentages of the BF HAZ j
landscape rather 2. Choose one or more summary statistics to be included in the
than multiplying by a output table:
conversion factor to o =
WaLIE
calculate acreage. = COUNT
[T Miriirrium
[ Masimurn
[ Average
Sum
[] Standard Deviation |
[ ¥ariance
MO_ACT_CFA LI

3. Specify output table:
IE:Harn:fuels"xu:uutputs'mu:u_au:t_l:up_haz.u:II:uﬂ @l

™| Summarize on the selectedireconds only

About Summarizing D ata | k. I Cancel |

Figure 7-70—Summarize window set to sum the grid cells by burn probability
and hazard classes.

Table 7-8—Area (ac) by treatment alternative for burn probability and hazard

Burn No AltA
probability = Hazard action Low AltB Low AItA Mod AltB Mod

Acres Acres Acres Acres Acres

Low Low 452 1169 1184 2269 196
Medium 34 124 92 257 603

High 145 481 237 549 506

Medium Low 506 745 547 492 310
Medium 196 256 777 74 1159

High 603 964 2 401 630

High Low 630 83 373 0 34
Medium 310 36 189 0 145

High 1159 181 636 1 452
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10. Open no_act bp_haz.dbf with Excel. BP_HAZ is the burn probability

and hazard classes, Cnt BP_HAZ is the number of times that class was

assigned, and Sum_COUNT is the number of 30 m pixels that are within
the hazard category. To calculate area in acres, multiply Sum_COUNT by
0.0222394, because each pixel is 900 m2 (30 m by 30 m pixel) and 1 m? is
equal to 0.0002471044 ac.

a. Once the acres are calculated, fill out table 7-8.

11. Repeat step 10 with the remaining summaries.
Based on table 7-8, the AItA Mod alternative was the most effective at reduc-
ing burn probability and wildfire hazard. However, all four alternatives did reduce

wildfire exposure compared to the no-action alternative.
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ArcFuels can be

used with grid only
data, FVS data with
topography grids only,
or both data sources.

For ArcFuels to
function properly,
all grid data must be
snapped, have the
same resolution, and

be the same projection.
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Chapter 8

Running ArcFuels With Your Data

ArcFuels can be utilized with grid data, forest inventory data, or both. This sec-
tion will explain where data can be obtained for your project area, how to format
inventory data to run through FVS, and how to set up the Project Manager and
ArcFuels folders for projects.

Grid Data

Grid data are becoming more readily available for the United States. The LAND-
FIRE project (Rollins 2009) has 30-m resolution fuels, topographic, and vegetation
data for the entire country. Lemma has created gradient nearest neighbor (GNN)
data for the Pacific Northwest (Ohmann and Gregory 2002). The Wildland Fire
Decision Support System (WFDSS) has grid data for land administered by the
Forest Service. In addition, many forests derive grid data through cross-walking
vegetation to fuels using field inventory data and remotely sensed data (such as
LiDAR imagery and aerial photographs).

Regardless of the source of data used, a thorough critique is necessary, espe-
cially if the data will be used at the project-level. It is most likely that the data you
use will, at minimum, need to be updated for recent management activities or recent
wildfires. Establishing when and how your data were created, what sources were
used to create the data (e.g., year of satellite imagery, vegetation layers, etc.), and
whether it has been reviewed by managers will help you determine what level of
critique and update is necessary. For example, your data could have been created in
2006, but based on 2004 satellite imagery. Spending time researching these details
will save you time in the long run. Stratton (2009) has written a general technical
report that provides a comprehensive approach for critiquing data as well as several
suggestions on how to make modest and more complex changes to LCP files or the
individual grid components using various applications. The Modify Grid Values
tool within ArcFuels can be used to make simple modifications to grid data and the
Apply Treatment Adjustments option in the Using ArcGIS Grid Data tab of the
Build FlamMap Landscapes form can be used to make complicated modifications
that are not discussed in Stratton (2009).

ALL PROJECT DATA HAS TO HAVE THE SAME RESOLUTION (CELL
SIZE), SPATIAL REFERENCE (E.G., PROJECTION), AND BE SNAPPED
TOGETHER (ALL THE CELLS LINED UP, FIG. 8-1). This is very important, if
any of the data is projected differently or is lacking spatial reference ArcFuels will
not work. In addition, if data is not snapped together (fig. 8-1) ArcFuels will not work

properly. Unlike other systems, the data do not all need to be the same patial extent.
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Figure 8-1—ArcGIS grid layers that are not snapped together (A) and that are correctly snapped
(B). Note that the grid cells do not line up correctly in (A).

TIP: Make note of the units for all grid data. Inputting incorrect units when

building the LCP will result in incorrect modeled outputs.

Grid data list—

At a minimum data are required to characterize the fire landscape (items 1 to 8 in
the list); however, additional data are needed for updating, creating fuel treatments,
etc. The list below is not all-inclusive but should serve as a good guide for obtaining
data.

1. Slope grid.

Aspect grid.

Elevation grid.

Fuel model grid.

Canopy cover grid.
Canopy base height grid.
Canopy bulk density grid.
Canopy height grid.

I - R R O R

Project boundary polygon/grid.

—_
=]

. Past disturbance layers—any layers that will be essential to updating
the grid layers to represent current conditions. Examples include recent

wildfire perimeters and recent vegetation management polygons.

11. Resource value layers—anything that affects treatment type and loca-
tions, such as old-growth forest, structures, threatened and endangered
species, etc.
12. Treatment polygons/grids.
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LANDFIRE grid data—

Seamless grid data and landscape files with coverage throughout the United States
(including Hawaii and Alaska) are available through the LANDFIRE project (http:/
www.landfire.gov). There are many versions of the data, as outlined in table 8-1.

Understand the differences and download the most appropriate data for your needs.

Table 8-1—LANDFIRE data versions adapted from http://www.landfire.gov/
version_comparison.php

Disturbance

Product Imagery image updates Description
National Original LANDFIRE data products,
(LF_1.0.0) 1999-2003 n/a used circa 2001 LANDSAT imagery.
Refresh 2001  1999-2003 n/a Enhanced LF 1.0.0 layers to allow
(LF_1.0.5) comparison between the circa 2001
Landsat based image data products
and LF 1.1.0.
Refresh 2008  1999-2003 2000-2008 Updated LF _1.0.5 products to reflect
(LF 1.1.0) vegetation changes and disturbances
1999-2008.

The easiest way to download LANDFIRE data is to use the LANDFIRE Data
Access Tool (LFDAT), which is an ArcMap extension. With this tool, it is easy to
download the correct extent for your analysis area and the extent used can be saved
for future data retrieval. The LFDAT tool is available on the LANDFIRE Web page

and has a descriptive user’s guide.

Inventory Data for FVS

In addition to or in place of grid data, ArcFuels can be run using forest inventory
data in an FVS-ready database format. ArcFuels can be used to run FVS in a non-
spatial context; however, it is most often used in conjunction with spatial data. If
you would like to use inventory data spatially, in addition to the FVS-ready data-
base (which is described below), elevation, slope and aspect grids are required plus
a shapefile and stand grid that are linked to the FVS data.

FVS-ready databases—

FSVeg (Field Sampled Vegetation, http:/www.fs.fed.us/nrm/fsveg/index.shtml)

is a Forest Service-maintained data storage site containing inventory data about
trees, fuels, and understory vegetation. Data collected during common stand exams,
fuels-specific data collection, permanent grid inventories (such as the Forest Inven-
tory and Analysis program) and other vegetation inventories are included. FSVeg is
a resource for obtaining FVS-ready databases.
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Not all inventory data are in FSVeg and the best data might be locally collected

and maintained. It is possible that the FVS data from your local unit are not in a

database form, but there are preprocessing tools available on the FVS Web site

(http://www.fs.fed.us/fmsc/fvs/software/data.shtml) that are helpful in converting
the text files used to run Suppose (the FVS GUI) into a database compatible with
ArcFuels. Refer to the FVS database extension guide (Crookston et al. 2003) for

more detailed information.

An example database has been supplied with the demonstration data (Example
FVS input database.mdb) that includes both the FSVeg data tables and additional

tables for the minimum data required.

Creating your own FVS database—

An example database has been supplied with

the demonstration data (Example FVS input
database.mdb) that includes both the FSVeg =
data tables and additional tables for the mini-
mum data required (fig. 8-2). The FVS data

field types are specific to the model needs; if
you are creating your own database, start with B
the blank one supplied or from one created B trees_minimum_data_required

All Access Objects
Tables
F\V5_PlotInit

B Fvs_standinit
B Fvs_Treelnit

stands_minimum_data_required

specifically for FVS using one of the database  Figure 8-2—Data tables in the example
extensions or FSVeg. Blank FVS databases FVS database supplied with the Mt. Emily

demonstration data. The database is named

are also available on the FVS Web site (http:/  Example FVS input_database.mdb.

www.fs.fed.us/fmsc/fvs/software/data.shtml).

For a description of all the fields in each data table, use the design view in

Access (fig. 8-3). This outlines what each field means and other important informa-

tion such as units. Additional information can be found in the FVS documentation.

B Fvs_Treelnit

Field Mame

Stand_ID

StandPlot_ID

Plot_ID

Tree_ID

Tree Count

Histary

Species

DBH

DG

Ht

HTG

HiTopk

CrRatio

Data Type
Text
Text
Number
Number
Number
MNumber
Text
Mumber
Number
Number
Number
Number
MNumber

Description
Same as Stand_ID in FWS_Standinit table. Not read by FVS, but may be used for querying purposes.
Same as StandPlot_ID in FVS_Standinit table. Mot read by FVS, but may be used for querying purposes.
Plot Identification
Tree Identification Code
Tree Count
History Code 0-5 are live trees, 6 and 7 died during mortality observation, 8 and 9 died before mortality
Tree Species Code, can be the FVS alpha code, FIA code or USDA plant symbol.
Diameter at Breast Height in inches (Diameter at root collar for woodland species). Diameter is an alias
DBH Growth in inches (not tenths of inches).
Total Height in feet
Height Growth in feet
Height to top kill is the height to the point of the tree of top kill in feet
If the number is 0-9 then it is considered a crown ratio code, according to the FVS documentation. If the

Figure 8-3—Design view of the FVS Treelnit data table in the example FVS database. Not all fields are shown

in the figure.
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The stand, optional plot, and tree data tables are all linked through a unique
stand identifier, STAND ID. This linkage is necessary when building your own

database. Table 8-2 is a simplistic view of this linkage.

Table 8-2—Stand, plot, and tree data table linkage example

FVS_StandlInit FVS_Plotinit FVS_ Treelnit

STAND ID NUM_PLOTS STAND ID PLOT ID STAND ID PLOT ID TREE_ID

1 3 1 1 1 1 100

1 2 1 1 101

1 3 1 2 200

1 2 201

1 2 202

1 3 301

Note: All records in the stand, plot, and tree tables must be linked by a unique identifier STAND_ID) for each stand. There can
be multiple plots per stand and multiple trees per plot.

Spatial linkage between FVS database and stands—

This is often the hardest part for getting your data to work in ArcFuels. Regard-
less of the source of the FVS database obtained, properly linking the database to
the stand polygon layer (and stand grid) is critical. There must be a relationship
between the polygon identifier and the FVS stand table variable (STAND _ID). If
data exist for every polygon, there will be a unique stand and tree list for every

Spatially linking the
stand within the polygon (a one-to-one relationship). This is the case with the

demonstration data (fig. 8-4). If imputation (i.e., Most Similar Neighbor (MSN), or
Gradient Nearest Neighbor (GNN)) is used, a single stand and associated treelist

FVS-ready database
to the stand shapefile
is one of the hardest

steps in the data will be used for multiple polygons (one-to-many relationship).

preparation phase. The NO MATTER WHAT THE RELATIONSHIP (ONE-TO-ONE OR ONE-
link (i.e., STAND_ID) TO-MANY), THERE MUST BE A FIELD IN THE STAND POLYGON
must be identical in the (AND THE VALUE FIELD OF THE STAND GRID) THAT IS IDENTI-
shapefile and FVS-data CAL TO THE FVS TABLES. IT IS HIGHLY RECOMMENDED THAT
tables. THIS BE THE STAND_ID FIELD.

For future sorting and joining, it is recommended that a second stand iden-
tification field be added to the FVS data tables that is equal to the Stand ID but
is numeric. In the demonstration data (Mt Emily Database.mdb), this is the
Stand ID NUM field.

NOTE: FSVeg databases include a field named “GIS_LINK” in the FVS_Stan-
dInit table. This link does not work in ArcFuels because the field is not also
present in the FVS_PlotInit and FVS TreesInint tables.
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w EH stands
" Stand ID ~ | Inv_Year - | Aspect - | Slope ~ | Elevation -
392 2000 266 36 52
‘ ( |423 2000 240 39 53
3 \ B trees
Stand_ID - | Plot_ID - | Tree Count - | History - Speciesl
(392 h 29 0 GF
| 392 1 14 0 DF
| |392 1 9 0 ES
392 il 37 0 WL
[392 1 219 0 GF
392 il 1 0 GF
|| as2 1 15 0 GF
392 il 27 0 ES
392 1 40 0 ES
| (392 il 27 0 WL
fa23 1 1 0 PP
~ i [423 il 1 0 DF ]

Figure 8-4—Linkage between the GIS stand polygon layer and the FVS stand and tree data tables. All three are linked by
a unique stand identification number. Having the imagery behind the stand polygon layer is a useful visual when looking
at stand and tree data tables. In this example, stand 392 is densely stocked as can be seen by the 10 tree list entries and
428 trees compared to stand 423 with two tree list entries and two trees.

Setting Up ArcFuels With Your Data

When setting up ArcFuels with your own data, it is recommended that you place
your data and outputs folder within the same parent ArcFuels folder (i.e., C:/arcfu-
els/mydata and C:/arcfuels/myoutputs). Because the majority of programs are the
same, you can use the existing ArcFuels programs and extra programs folders. One
important note is that you must download the proper FVS variant file when using
the FVS functionality in ArcFuels. These can be found at the FVS Web site (http:/
www.fs.fed.us/fmsc/fvs/software/variantinstaller.php).

Once your data are loaded into a new arcfuels9x.mxd, save it with your project
name. Go to Projects and Files on the ArcFuels toolbar and select Manage Proj-
ects from the drop-down list. Create a new project by clicking the New Project but-
ton. Then fill out the tabs accordingly. For a refresher, see the Setting up ArcFuels
with the Mt. Emily Demonstration Data section in this user guide.
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Metric Equivalents

When you know: Multiply by: To find:

Inches (in) 2.54 Centimeters

Feet (ft) 0.305 Meters

Miles 1.609 Kilometers

Miles per hour (mph) 0.447 Meters per second
Square feet (ft%) 0.0929 Square meters
Acres (ac) 0.405 Hectares

Tons per acre (t/ac) 2.24 Tonnes or megagrams per hectare
Trees per acre 2.24 Trees per hectare
Pounds (1b) 0.454 Kilogram

Cubic feet (ft°) 0.283 Cubic meters



ArcFuels User Guide and Tutorial: for Use with ArcGIS 9

Literature Cited

Agee, J.K. 1996. The influence of forest structure on fire behavior. In: Proceedings
of the 17" annual forest vegetation management conference. Redding, CA: Forest

Vegetation Management Conference: 52—68.

Agee, J.K. 1998. The landscape ecology of western forest fire regimes. Northwest
Science. 72: 24-34.

Ager, A.A.; McMahan, A.J.; Barrett, J.J.; McHugh, CW. 2007. A simulation
study of thinning and fuel treatments on a wildland—urban interface in eastern
Oregon, USA. Landscape and Urban Planning. 80: 292-300.

Ager, A.A., Vaillant, N.M.; Finney, M.A. 2010. A comparison of landscape fuel
treatment strategies to mitigate wildland fire risk in the urban interface and

preserve old forest structure. Forest Ecology and Management. 259: 1556—1570.

Ager, A.A.; Vaillant, N.M.; Finney, M.A. 2011. Integration of fire behavior
modeling tools and GIS for wildland fire risk assessment and fuel management

planning. Journal of Combustion. Article ID 572452. 19 p.

Ager, A.A.; Vaillant, N.M.; Owens, D.E.; Brittain S.; Hamann, J. 2012.
Overview and example application of the Landscape Treatment Designer. Gen.
Tech. Rep. PNW-GTR-859. Portland, OR: U.S. Department of Agriculture,

Forest Service, Pacific Northwest Research Station. 11 p.

Albini, F.A. 1976. Estimating wildfire behavior and effects. Gen. Tech. Rep.
INT-GTR-30. Ogden, UT: U.S. Department of Agriculture, Forest Service,

Intermountain Forest and Range Experiment Station. 92 p.

Anderson, D.H.; Catchpole, E.A.; DeMestre, N.J.; Parkes, T. 1982. Modeling
the spread of grass fires. Journal of the Australian Mathematical Society (Series
B). 23: 451-466.

Anderson, H.E. 1982. Aids to determining fuel models for estimating fire
behavior. Gen. Tech. Rep. INT-GTR-122. Ogden, UT: U.S. Department of
Agriculture, Forest Service, Intermountain Forest and Range Experiment
Station. 22 p.

Bahro, B.; Barber, K.H.; Sherlock, JW.; Yasuda, D.A. 2007. Stewardship
and fireshed assessment: a process for designing a landscape fuel treatment
strategy. In: Restoring fire-adapted ecosystems: proceedings of the 2005 national
silviculture workshop. Gen. Tech. Rep. PSW-GTR-203. Albany, CA: U.S.
Department of Agriculture, Forest Service, Pacific Southwest Research Station.
306 p.
251



GENERAL TECHNICAL REPORT PNW-GTR-877

Bradshaw, L.S.; Tirmenstein, D. 2009 (draft). FireFamilyPlus user’s guide,
version 4.1. Internal report. Fort Collins, CO: U.S. Department of Agriculture,

Forest Service, Rocky Mountain Research Station. 282 p.

Calkin, D.E.; Ager, A.A.; Gilbertson-Day, J., eds. 2010. Wildfire risk and hazard:
Procedures for the first approximation. Gen. Tech. Rep. RMRS-GTR-235. Fort
Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station. 62 p.

Collins, B.M.; Stephens,S.L.; Moghaddas, J.J.; Battles, J. 2010. Challenges and
approaches in planning fuel treatments across fire-excluded forested landscapes.
Journal of Forestry. 108: 24-31.

Crookston, N.L. 1990. User’s guide to the event monitor: part of Prognosis Model
version 6. Gen. Tech. Rep. INT-GTR-275. Ogden, UT: U.S. Department of

Agriculture, Forest Service, Intermountain Research Station. 21 p.

Crookston, N.L; Dixon, G.E. 2005. The forest vegetation simulator: a review of
its structure, content, applications. Computers and Electronics in Agriculture.
49: 60-80.

Crookston, N.L.; Gammel, D.L.; Rebain, S.; Robinson, D.; Keyser, C. 2003
(revised August 2011). Users guide to the database extension of the Forest
Vegetation Simulator Version 2.0. Internal report. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service, Forest Management Service Center.
56 p. http://www.fs.fed.us/fmsc/ftp/fvs/docs/gtr/DBSUserGuide.pdf.

(30 August 2012).

Crookston, N.L.; Stage, A.R. 1991. User’s guide to the Parallel Processing
Extension of the Prognosis Model. Gen. Tech. Rep. INT-GTR-281. Ogden, UT:
U.S. Department of Agriculture, Forest Service, Intermountain Research Station.
88 p.

Cruz M.G.; Alexander M.E. 2010. Assessing crown fire potential in coniferous
forests of western North America: a critique of current approaches and recent

simulation studies. International Journal of Wildland Fire. 19: 377-398.

Dixon, G.E. 2003 (revised August 2011). Essential FVS: a user’s guide to the
Forest Vegetation Simulator. Internal report. Fort Collins, CO: U.S. Department
of Agriculture, Forest Service, Forest Management Service Center. 246 p.
http://www.fs.fed.us/fmsc/ftp/fvs/docs/gtr/Essential FVS.pdf. (31 October 2012).

252



ArcFuels User Guide and Tutorial: for Use with ArcGIS 9

Finkral, A.J.; Evans, A.M. 2008. The effects of a thinning treatment on carbon
stocks in a northern Arizona ponderosa pine forest. Forest Ecology and
Management. 255: 2743-2750.

Finney, M.A. 1998. FARSITE: fire area simulator-model development and
evaluation. Res. Pap. RMRS-RP-4. Ogden, UT: U.S. Department of Agriculture,

Forest Service, Rocky Mountain Research Station. 47 p.

Finney, M.A. 2001. Design of regular landscape fuel treatment patterns for
modifying fire growth and behavior. Forest Science. 47(2): 219-228.

Finney, M.A. 2002. Fire growth using minimum travel time methods. Canadian
Journal of Forest Research. 32: 1420-1424.

Finney, M.A. 2005. The challenge of quantitative risk assessment for wildland fire.
Forest Ecology and Management. 211: 97-108.

Finney, M.A. 2006. An overview of FlamMap fire modeling capabilities. In:
Andrews, P.L.; Butler, B.W. comps., 2006. Fuels management—how to measure
success: conference proceedings. Proceedings RMRS-P-41. Fort Collins, CO:
U.S. Department of Agriculture, Forest Service, Rocky Mountain Research
Station: 213-220.

Finney, M.A. 2007. A computational method for optimizing fuel treatment
locations. International Journal of Wildland Fire. 16: 702-711.

Finney, M.A.; McHugh, CW.; Grenfell, 1.C.; Riley, K.L.; Short, K.C. 2011. A
simulation of probabilistic wildfire risk components for the continental United
States. Stochastic Environmental Research and Risk Assessment. 25: 973—1000.

Finney, M.A_; Seli, R.; McHugh, C.; Ager, A.A.; Bahro, B.; Agee, J. 2007.
Simulation of long-term landscape-level fuel treatment effects on large wildfires.
International Journal of Wildland Fire. 16: 712-727.

Forthofer, J.; Shannon, K.; Butler, B. 2009. Simulating diurnally driven slope
winds with WindNinja. In: Proceedings of 8" Symposium on Fire and Forest
Meteorology. Boston, MA: American Meteorological Society: 4.4.

Gercke, G.; Stewart, S. 2006. Strategic placement of treatments (SPOTS):
maximizing the effectiveness of fuel and vegetation treatments on problem
fire behavior and effects. In: Andrews, P.L.; Butler, B.W. comps., 2006. Fuels
management—how to measure success: conference proceedings. Proceedings
RMRS-P-41. Fort Collins, CO: U.S. Department of Agriculture, Forest Service,
Rocky Mountain Research Station: 185-192.

253



GENERAL TECHNICAL REPORT PNW-GTR-877

254

Heinsch, F.A.; Andrews, P.L. 2010. BehavePlus fire modeling system, version 5.0:
design and features. Gen. Tech. Rep. RMRS-GTR-249. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research Station.
111 p.

Hurteau, M.D.; Koch, G.W.; Hungate, B.A. 2008. Carbon protection and fire risk
reduction: toward a full accounting of forest carbon offsets. Frontiers in Ecology
and the Environment. 6: 493—498.

Keyes, C.R. 2006. Role of foliar moisture content in the silvicultural management
of forest fuels. Western Journal of Applied Forestry. 21(4): 228-231.

Knight, I.; Coleman, J. 1993. A fire perimeter expansion algorithm based on
Huygens’ wavelet propagation. International Journal of Wildland Fire. 3: 73—84.

McGaughey, R. 1997. Visualizing forest stand dynamics using the Stand
Visualization System. In: Proceedings of the American Congress on Surveying
and Mapping. American Society of Photogrammetry and Remote Sensing. 4:
248-257.

Mitchell, S.R.; Harmon, M.E.; O’Connell, K.E.B. 2009. Forest fuel reduction
alters fire severity and long-term carbon storage in three Pacific Northwest

ecosystems. Ecological Applications. 19: 643—655.

North, M.; Hurteau, M.; Innes, J. 2009. Fire suppression and fuels treatment
effects on mixed-conifer carbon stocks and emissions. Ecological Applications.
19: 1385-1396.

Ohmann, J.L.; Gregory, M.J. 2002. Predictive mapping of forest composition and
structure with direct gradient analysis and nearest neighbor imputation in coastal
Oregon, U.S.A. Canadian Journal of Forest Research. 32: 725-741.

Rebain, S.A. comp., 2010 (revised October 2012). The Fire and Fuels Extension
to the Forest Vegetation Simulator: updated model documentation. Internal
report. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Forest
Management Service Center. 396 p. http://www.fs.fed.us/fmsc/ftp/fvs/docs/gtr/
FFEguide.pdf. (16 October 2012).

Reinhardt E.; Holsinger L. 2010. Effects of fuel treatments on carbon-disturbance
relationships in forests of the northern Rocky Mountains. Forest Ecology and
Management. 259: 1427-1435.



ArcFuels User Guide and Tutorial: for Use with ArcGIS 9

Reinhardt, E.D.; Keane R.E.; Brown J.K. 1997. First Order Fire Effects Model:
FOFEM 4.0, user’s guide. Gen. Tech. Rep. INT-GTR-344. Ogden, UT: U.S.

Department of Agriculture, Forest Service, Intermountain Research Station. 65 p.

Rollins, M.G. 2009. LANDFIRE: a nationally consistent vegetation, wildland fire,
and fuel assessment. International Journal of Wildland Fire. 18(3): 235-249.

Rothermel, R.C. 1972. A mathematical model for predicting fire spread in
wildland fuels. Res. Pap. INT-115. Ogden, UT: U.S. Department of Agriculture,

Forest Service, Intermountain Forest and Range Experiment Station. 40 p.

Rothermel, R.C. 1983. How to predict the spread and intensity of forest and range
fires. Res. Pap. INT-143. Ogden, UT: U.S. Department of Agriculture, Forest
Service, Intermountain Forest and Range Experiment Station. 161 p.

Rothermel, R.C. 1991. Predicting behavior and size of crown fires in the
Northern Rocky Mountains. Res. Pap. INT-438. Ogden, UT: U.S. Department
of Agriculture, Forest Service, Intermountain Forest and Range Experiment
Station. 46 p.

Scott, J.H. 1999. NEXUS: A system for assessing crown fire hazard. Fire
Management Notes. 59: 21-24.

Scott, J.H. 2006. An analytical framework for quantifying wildland fire risk
and treatment benefit. In: Andrews, P.L.; Butler, B.W. comps., 2006. Fuels
management—how to measure success: conference proceedings. Proceedings
RMRS-P-41. Fort Collins, CO: U.S. Department of Agriculture, Forest Service,
Rocky Mountain Research Station: 169-184.

Scott, J.E.; Burgan, R.E. 2005. Standard fire behavior fuel models: a
comprehensive set for use with Rothermel’s surface fire spread model. Gen. Tech.
Rep. RMRS-GTR-153, Fort Collins, CO: U.S. Department of Agriculture, Forest
Service, Rocky Mountain Research Station. 72 p.

Scott, J.H.; Reinhardt, E.D. 2001. Assessing crown fire potential by linking
models of surface and crown fire behavior. Res. Pap. RMRS-29. Fort Collins,
CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research
Station. 59 p.

Stratton, R.D. 2009. Guidebook on LANDFIRE fuels data acquisition, critique,
modification, maintenance, and model calibration. Gen. Tech. Rep. RMRS-
GTR-220. Fort Collins, CO: U.S. Department of Agriculture, Forest Service,
Rocky Mountain Research Station. 54 p.

255



GENERAL TECHNICAL REPORT PNW-GTR-877

Van Dyck, M.G.; Smith-Mateja, E.E., comps. 2000 (revised September 2012).
Keyword reference guide for the Forest Vegetation Simulator. Internal report.
Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Forest
Management Service Center. 119 p. http:/www.fs.fed.us/fmsc/ftp/fvs/docs/gtr/
keyword.pdf. (10 September 2012).

Van Wagner, C.E. 1977. Conditions for the start and spread of crown fire.
Canadian Journal of Forest Research. 7: 23-34.

Van Wagner, C.E. 1993. Prediction of crown fire behavior in two stands of jack
pine. Canadian Journal of Forest Research. 23: 442—-449.

256



Pacific Northwest Research Station

Web site http://www.fs.fed.us/pnw/

Telephone (503) 808-2592

Publication requests (503) 808-2138

FAX (503) 808-2130

E-mail pnw_pnwpubs@fs.fed.us

Mailing address Publications Distribution
Pacific Northwest Research Station
P.O. Box 3890

Portland, OR 97208-3890

Federal Recycling Program
Printed on Recycled Paper




U.S. Department of Agriculture
Pacific Northwest Research Station
333 SW First Avenue

P.O. Box 3890

Portland, OR 97208-3890

Official Business
Penalty for Private Use, $300




	ArcFuels User Guide andTutorial: for Use withArcGIS 9®
	Authors
	Abstract
	Contents
	Chapter 1
	What is ArcFuels?
	Modeling Fuel Treatments With FFE-FVS
	Simulating Landscape Fire Behavior and Fuel Treatments
	Burn Probability Modeling and Risk Analysis
	Fuel Treatment Impacts on Carbon

	Chapter 2
	Getting Started
	Purpose of the User Guide and Tutorial
	User Guide and Tutorial Conventions
	System Requirements
	ArcFuels Download and Installation Instructions
	Mt. Emily Demonstration Data
	Setting Up ArcFuels With the Mt. Emily Demonstration Data

	Start-Up Errors
	Visual Basic editor window—
	Missing buttons—


	Chapter 3
	ArcFuels Tool Overview
	Stand and Select Stand
	Cell Data
	Landscape
	Assign Prescriptions to Landscape—
	Simulate Landscape Treatments—
	Build FlamMap Landscape—
	GNN to LCP Process—
	Landscape Treatment Designer (LTD)—

	Wildfire Models
	Behave Calculator—

	Modify Grid Values
	Conversion
	Convert Ascii to Grid—
	Batch Convert Ascii to Grid—
	Convert XY Text to Shapefile—
	Batch Convert XY Text to Shapefiles—
	Copy Attributes to Spreadsheet—

	Projects and Files
	Manage Projects—
	File Explorer—
	File Janitor—

	ArcFuels Help
	Set Stand Options—
	View FVS I/O—
	SVS—
	Select Stand—


	Chapter 4
	ArcFuels Tool Tutorial
	Stand and Select Stand
	Exercise 4-1: Running FVS and SVS for an untreated stand—
	Exercise 4-2: Creating NEXUS input files—
	Exercise 4-3: Running a combination treatment (thinning and prescribed fire)followed by a wildfire in FVS—
	Exercise 4-4: Using FVS to create treatment adjustment factors for grid data—
	Exercise 4-5: Fine tuning treatment prescriptions using theTreatment Analysis tab—
	Exercise 4-6: Comparing treatment prescriptions using the CompareTreatments tab—
	Exercise 4-7: Opening FVS output files—

	Cell Data
	Exercise 4-8: Cell data information—

	Landscape
	Exercise 4-9: Assigning FVS prescriptions by selecting individual stands—
	Exercise 4-10: Assign FVS prescriptions to ArcGIS-selected features—
	Exercise 4-11: Assign prescriptions with a treatment grid—
	Exercise 4-12: Running FVS for the no-treatment alternative—
	Exercise 4-13: Simulating landscape treatments in FVS to create an ideal landscapefor the TOM in FlamMap—
	Exercise 4-14: Simulating landscape treatments in FVS only to standswith prescriptions—
	Exercise 4-15: Using the Treatment Analysis tab to vary a single parameter—
	Exercise 4-16: Comparing carbon offsets between treatment alternatives—
	Exercise 4-17: Joining FVS outputs to the stand polygon—
	Exercise 4-18: Build the no-treatment alternative LCP using inventory datarun through FVS—
	Exercise 4-19: Build the WUI treatment alternative LCP using inventory datarun through FVS—
	Exercise 4-20: Build the no-treatment alternative LCP using grid data—
	Exercise 4-21: Build a treatment alternative LCP using treatment adjustmentfactors and grid data—
	Exercise 4-22: Build an LCP using multiple grid sources—

	Wildfire Models
	Exercise 4-23: Using the Behave Calculator—
	Modify Grid Values
	Exercise 4-24: Globally update a fuel model—
	Exercise 4-25: Globally update a fuel model and clip the extent—
	Exercise 4-26: Update fuel models only within a recent fire—

	Conversion
	Exercise 4-27: Convert a single ASCII file to a grid—
	Exercise 4-28: Batch convert ASCII files to grids—
	Exercise 4-29: Convert a single XY file to a shapefile—
	Exercise 4-30: Batch convert XY text files to shapefiles—
	Exercise 4-31: Copy shapefile attributes to spreadsheet—


	Chapter 5
	Introduction to the Forest Vegetation Simulator (FVS)
	FVS Program Overview
	FVS Extensions
	FVS Variants
	FVS Input Data
	FVS data sources—
	FVS database table linkages—
	Example FVS keywords for fuel treatments—
	Thinning keywords—
	FFE specific keywords—

	FVS Output Description and Units
	Using the FVS Parallel Processing Extension (PPE)


	Chapter 6
	Introduction to Fire Behavior Modeling With FlamMap3
	FlamMap3 Overview
	Input data—

	Getting Started With FlamMap3
	Opening FlamMap3—
	Loading an LCP file—
	Changing the display and/or units of a theme—
	Saving a theme for further mapping and analysis in ArcGIS—
	Creating a FlamMap3 run—

	FlamMap3 Tutorial
	Exercise 6-1: Running FlamMap3 to produce basic fire behavior outputs—
	Exercise 6-2: Running FlamMap3 to produce minimum travel time (MTT)outputs for a single ignition—
	Exercise 6-3: Running FlamMap3 to produce burn probabilityfor random ignitions—
	Exercise 6-4: Running the treatment optimization model (TOM) inFlamMap3—


	Chapter 7
	Fuel Treatment Planning Scenarios Using ArcFuels
	Evaluating Wildfire Hazard
	Step 1: Acquire existing condition data and update if necessary—
	Step 2: Run FlamMap3 to obtain flame length and crown fire activity—
	Step 3: Create a wildfire hazard map—
	Step 4: Summarize wildfire hazard—

	Wildfire Risk Assessment: Creating a Wildfire Exposure Scatter Plot
	Step 1: Acquire existing condition data and update if necessary—
	Step 2: Run FlamMap3 to obtain flame length and burn probability—
	Step 3: Summarize fire behavior values by forest type—
	Step 4: Create the wildfire risk scatter plot—

	Designing Landscape Level Fuel Treatment Alternatives By Using Wildfire Exposure With FVS Data
	Step 1: Acquire existing condition data and update if necessary—
	Step 2: Run FlamMap3 fire behavior runs for the existing conditions—
	Step 3: Create a wildfire exposure map to design fuel treatment alternatives—
	Step 4: Run FlamMap3 fire behavior runs for the treatment alternatives—
	Step 5: Assess the effectiveness of the fuel treatment alternatives—

	Designing Landscape Level Fuel Treatment Alternatives By Using TOM With Grid and FVS Data
	Step 1: Acquire existing condition data and update if necessary—
	Step 2: Run the Treatment Optimization Model in FlamMap3—
	Step 3: Use the TOM treatment grid and FVS/FFE-FVS to develop a fuel
	Step 4: Run FlamMap3 fire behavior runs for the treatment alternatives—
	Step 5: Assess the effectiveness of the treatment alternatives—

	Designing Landscape Level Fuel Treatment Alternatives By Using a Pre-existing Plan With Grid Data
	Step 1: Acquire existing condition data and update if necessary—
	Step 2: “Implement” the preexisting fuel treat alternatives—
	Step 3: Run FlamMap3 for fire behavior—
	Step 4: Assess the effectiveness of the treatment alternatives—


	Chapter 8
	Running ArcFuels With Your Data
	Grid Data
	Grid data list—
	LANDFIRE grid data—
	Inventory Data for FVS
	FVS-ready databases—
	Creating your own FVS database—
	Spatial linkage between FVS database and stands—


	Setting Up ArcFuels With Your Data
	Acknowledgments
	Metric Equivalents
	Literature Cited




