USDA FOREST SERVICE - WWETAC

ArcFuels10 Tutorial
Supplemental Information

Nicole M. Vaillant & Alan A. Ager
4/2/2013

Vaillant, Nicole M. and Ager, Alan A. 2012 (updated 4/2/13). ArcFuels10 Tutorial Supplemental
Information. U.S. Department of Agriculture, Forest Service, Pacific Northwest Research
Station, Western Wildland Threat Assessment Center Internal Report. 186 pg.



ArcFuels10 Tutorial - Supplemental Information
Nicole M. Vaillant and Alan A. Ager

Nicole M. Vaillant is a fire ecologist and Alan A. Ager is an operations research analyst, U.S.
Department of Agriculture, Pacific Northwest Research Station, Western Wildlands
Environmental Threat Assessment Center, 3160 NE Third Street, Prineville, OR 97754.

Abstract

ArcFuels10 is a toolbar implemented in an ArcMap interface which leverages pre-existing
programs. This supplemental information document is intended for users who require more
information about the Forest Vegetation Simulator and the Fire and Fuels Extension, FlamMap
5, FireFamily Plus, and Landscape Treatment Designer programs. These four programs are
leveraged by ArcFuels10 and a familiarity will enhance understanding of the ArcFuels10 process
and tools. In addition, basic ArcMap information to help less advanced users is included. The
information within this document is not intended to be all inclusive; readers are encouraged to
refer to the individual program websites, help guides, and tutorials.
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1. Introduction

ArcFuels10 is a custom toolbar designed for use with ArcMap (fig. 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. ArcFuels10 provides a logical flow from stand to
landscape analyses of vegetation, fuel, and fire behavior, using a number of different models
(table 1). Of the models leveraged by ArcFuels10, the Forest Vegetation Simulator (FVS,
Crookston and Dixon 2005) and the Fire and Fuels Extension to FVS (FFE-FVS, Rebain 2010),
Stand Visualization System (SVS, McGaughey 1997), and FlamMap (Finney 2006) are the most
used. This document will provide information about FVS/FFE-FVS, FlamMap (version 5), and
FireFamily Plus (Main et al. 1990); SVS is not included because it is only used for the graphical
display capabilities.
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Figure 1-1—ArcFuels10 toolbar (outlined in red) within ArcMap with the supplied ArcFuels
demonstration data loaded.
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Tutorial conventions

This Tutorial uses the following conventions:

References to sections within the Tutorial are in bold italic text. For example, “See the Start-up
Errors section below if ArcFuels10 does not open properly.”

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.”

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

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

Commands or text you type from the keyboard are show in “quotes.” For example, “Enter
“fm_8” in the text box to name the new grid you are creating.”

“Click” refers to pressing the primary mouse button (usually the left mouse button).
“Double-click™ refers to pressing the primary mouse button twice.
“Right click” refers to clicking the secondary mouse button.

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).”

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 at

any time by pressing Alt-F11.”

Capitalization is used to emphasize important steps. For example “MAKE SURE THE
FOLDERS ARE NOT FURTHER NESTED.”
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2. Forest Vegetation Simulator and the Fire and Fuels Extension

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 FVVS webpage
(http://www.fs.fed.us/fmsc/fvs/training/index.shtml).

FVS is typically run through the Suppose graphical user interface (available at:
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. ArcFuelsl10 has leveraged these links and
created a different interface for running FVS with a spatial component. The ArcFuels interface
and tutorials are found in the ArcFuel10 Tutorial. A Suppose tutorial will not be included, rather
the User Guide and Tutorial includes general information about FVS and FFE-FVS.

Program Overview

FVS is an individual tree, distance independent, growth and yield model that is used to model
forest stand dynamics overtime (Crookston and Dixon 2005). FVS is used extensively in the U.S.
by federal agencies, private landholders, and universities. FVS and the available extensions (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 and compute the resulting fire effects, 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 thousands 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 ArcFuels10 is 49 cycles).

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. 2-1). 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 tree 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.
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Foreach stand

sInitialize FVS

-Read input data
+Calibrate

-Report initial conditions

«Check events, schedule activities
«Simulate treatments

-Predict growth
-Predict mortality

Foreach year

-Predict fire & fuels dynamics & simulate
management actions

After final year

=Apply fire effects
-Update tree variables for growth & mortality
=Simulate regeneration

-Update crown ratio

*Report projected conditions

Figure 2-1—Simplified FVS program flow for a FFE-FVS fuel treatment run.
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Extensions

In addition to the FVS base model there are many extensions available for use with FVS. The
extensions include:

e Cover & shrubs

Economics extension

e Regeneration & establishment

e Fire and fuels extension (FFE)

e Parallel processing extension (PPE)

e Douglas-fir beetle

e Douglas-fir tussock moth

e Dwarf mistletoe

e Mountain pine beetle

e White pine blister rust impact

e Western root disease

e Western spruce budworm

e Climate extension

The only extensions available for all variants (described below) are the economics extension and
the fire and fuels extension. The ArcFuels10 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.
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Variants

Tree growth, mortality, and volume equations differ within FVS based on the dominant tree
species within 20 regions of the U.S. (fig. 2-2). 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 vary. For example, in FFE moderate and extreme fuel
moisture conditions are different between variants to best represent the fire environment for the
geographic location.

Figure 2-2—Map of FVS variants from the FVS webpage:
http://www.fs.fed.us/fmsc/fvs/whatis/index.shtml.

The demonstration data included with the ArcFuels10 download includes the Blue Mountain
(BM) variant. Before working with your FVS data in ArcFuels10 be sure to download the proper
variant files (http://www.fs.fed.us/fmsc/fvs/software/variantinstaller.php).
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Input Data

Data sources—

FVS requires information about the stand and the trees within. For ArcFuels10, this needs to be
in an FVS-ready database (fig. 2-3, tables 2-1 and 2-2). 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
which are input into the FVS_StandInit table (fig. 2-3). If multiple plots were sampled within a
stand, plot information must also include a unique identifier, the inventory year, topographic
information (slope, aspect, elevation), the diameter at breast height (DBH) breakpoint between
small and large trees, and basal area factor which are input into the FVS_PlotlInit table (fig. 2-3).
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 which are input into the
FVS_Treelnit table (fig. 2-3). However, the more information 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).

Custom ¥

FVS Tables
.= FVS_Standinit

»

5 Fys_Plotinit
A FUs_Treelnit
» V5_GroupAddFilesAndKeywords
FH Fvs_GroupAddFilesandk d

FVS Data Entry Forms - macros must be enabled 2
Enter_Stand_Data

Enter_Plot_Data - Optional

Enter_Tree_Data

Edit FVS_GroupAddfilesAndKeywords Table - macros... #
,-.’? Update Database Mame in Data Input Keywords

Figure 2-3—The FVS database structure showing the input data tables (FVS_Standinit,
FVS_Plotlnit, and FVS_Treelnit).

Data can be obtained through Forest Inventory Analysis (FIA) or the FSVeg database for
national forest lands (http://www.fs.fed.us/fmsc/fvs/software/data.shtml). It can be created from field
inventory such as common stand exams monitoring plots. A blank FVS database has been
supplied with the demonstration data (C:\arcfuels\data\Blank_FVS_database.mdb) for creation
from field data (fig. 2-3). Another option is if your data is in FFI (FIREMON/FEAT Integrated,
http://www.frames.gov/partner-sites/ffi/ffi-home/) you can export an FVS-ready database.
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FVS database data tables—

Table 2-1 through 2-3 list the input FVS database data table attributes including which attributes
are required to run FVS. A blank FVS database was included with the demonstration data
(C:\arcfuels\data\Blank_FVS_database.mdb); however, check the FVS page for updated versions
before starting new projects.

Table 2-1—The FVS_Standlnit and FVS_PlotlInit tables house information about the stand
characteristics. The FVS_StandlInit is a required table; FVS_Plotlnit is optional and is only

used when multiple plots exist in a given stand.

Metric

Description

Stand_ID”
StandPlot_ID"
Variant

Stand identification code
Plot identification code
The two character variant identification code

Inv_Year" The stand’s inventory year

Groups A list of Grouping codes separated by spaces, tabs, carriage returns, or newlines

AddFiles A list of Addfile names (kcp) — ArcFuels has its own version of this see the tutorial

FVSKeywords A list of FVS keywords — ArcFuels has its own version of this see the tutorial

Latitude Latitude in degrees of the stand’s location

Longitude Longitude in degrees of the stand’s location

Region USDA-FS Region code

Forest USDA-FS National Forest code

District USDA-FS District code

Compartment USDA-FS Compartment code

Location Location Code representing the Region/Forest/District/Compartment

Ecoregion Bailey’s Ecoregion code, used in the Southern variant

PV_Code PV_Code identifies the potential vegetation

PV_Ref Code Potential vegetation reference code for the PV_Code

Age Stand age in years

Aspect Aspect in degrees

Slope Slope in percent

Elevation Stetnd elevation represented in 100’s of feet for all variants except AK were it is elevation in
10’s of feet

ElevFt Elevation in feet When specified, ElevFt takes precedence over Elevation

Basal_Area_ Factor*

Inv_Plot_Size*
Brk_DBH*

Basal area factor corresponding to BAF in FVS (required if variable radius plot)
The inverse of the small-tree fixed area plot (required if fixed radius plot)
Breakpoint DBH in inches between large and small tree plots

* This data is required to run FVS. Although not all data is required the more data input the more accurate the

outputs.

+This is only used if you have plots within the a stand

ArcFuels10 Tutorial Supplemental Information
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Table 2-1 continued

Metric Description

Num_Plots Number of plots in stand

NonStk_Plots Number of non-stockable plots in the stand

Sam_Wt Sampling weight used to compute the average yield tables and other weighted averages
Stk_Pcnt Stockable percent

DG_Trans Diameter growth translation code

DG_Measure Diameter growth measurement period

HTG_Trans Height growth translation code

HTG_Measure
Mort_Measure
Max_BA
Max_SDI
Site_Species
Site_Index
Model_Type
Physio_Region
Forest_Type
State

County
Fuel_Model

Height growth measurement period
Mortality measurement period
Maximum basal area

Maximum stand density index

Site species code

Site index

Model type code, may be used in CR variant
Physiographic region code

FIA Forest type code

FIA state code

FIA county code

Fire behavior fuel model

Fuel 0 25 Hor_S
Fuel 25 1 Hor_S
Fuel 1 3 Hor_S
Fuel 3 6 Hor_S
Fuel 6 12 Hor _S Initial ton/ac of 6 to 12 in hard/sound fuel

Fuel_12 20 Hor _S Initial ton/ac of 12 to 20 in hard/sound fuel

Fuel 20 35 Hor S Initial ton/ac of 20 to 35 in hard/sound fuel

Fuel 35 50 Hor_S Initial ton/ac of 35 to 50 in hard/sound fuel

Fuel gt 50 Hor _S Initial tons per acre of greater than 50 inch hard/sound fuel

Initial ton/ac of 0 to 0.25 in hard/sound fuel
Initial ton/ac of 0.25 to 1 in hard/sound fuel
Initial ton/ac of 1 to 3 in hard/sound fuel
Initial ton/ac of 3 to 6 in hard/sound fuel

Fuel_Litter Initial tons per acre of litter
Fuel_Duff Initial tons per acre of duff
Photo_Ref Photo series reference number
Photo_Code Photo code

* This data is required to run FVS. Although not all data is required the more data input the more accurate the
outputs.

+This is only used if you have plots within the a stand
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Table 2-2—The FVS_Treelnit table houses information about individual trees.

Metric Description

Stand_ID" Same as Stand_ID in FVS_StandInit/Plotlnit

StandPlot_ID""  Same as StandPlot_ID in FVS_PlotInit

Plot_ID™ Plot identification

Tree_ID Tree identification code (tag #)

Tree_Count Tree count

History History gode O-_5 are live trees, 6-7 died during mortality observation, 8-9 died before mortality
observation period

Species” Tree species code, can be the FVS alpha code, FIA code or USDA plant symbol

DBH" Diameter at breast height

DG DBH growth

Ht Tree height in ft

HTG Height growth in ft

HtTopK Height to top Kill is the height to the point of the tree of top kill

CrRatio Crown ratio, if 0-9 then it is considered a crown ratio code, if 10-99 the value is percent live
crown

Damage Damage code

Severity Severity code corresponding to damage code

TreeValue Tree value class code 1=desirable, 2=acceptable, 8=non-stockable, other number=live cull

Prescription
Age

Slope
Aspect
PV_Code
TopoCode

SitePrep

Prescription code

Age of the tree record

Slope where the tree was located in %

Aspect where the tree was located in deg

The potential vegetation code where the tree was located

Topography code: 1=bottom, 2=lower, 3=mid slope, 4=upper slope, and 5=ridge top

Site preparation code 1=none, 2=mechanical, 3=burn, and 4=road cuts/road fills/stockable road
beds

* This data is required to run FVS. Although not all data is required the more data input the more accurate the

outputs.

+This is only used if you have plots within the a stand
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Database and spatial linkages for ArcFuels10—

Within ArcFuels10 the linkage between the FVS database and GIS is very important for both the
stand and landscape level functionality. Within each of the FVS data tables and the ArcGIS stand
shapefile and stand raster there must be a unifying identifier (fig. 2-4).

£ Fys_Standinit
Stand ID ~ | Variant - | Inv_Year - Groups -
566 bm 2000 All_Stands

g« . [ £ FVS_Treelnit
" Stand_ID ~ | Tree ID ~ Tree_Count ~ History ~
M= | 566
| 566
1566
| 566
1566
566

LA W N
L= B« T S V]
U W N Wwowow

Figure 2-4—Spatial linkage between the stand shapefile and the FVS_StandInit (top right) and
FVS_Treelnit (bottom right) data tables within the FVVS-ready database for stand 566 and the
stand shapefile (left).

It is recommended that the Stand_ID value from the FVS input files be used and linked to the
stand shapefile. Whatever is used must be a unique value in the FVS_StandInit table; multiple
stands cannot have the same Stand_ID in the FVS_StandInit table.

It is possible to use data that has a one-to-one linkage between stands represented in the FVS-
ready database and the stand shapefile, or a one-to-many relationship where there are fewer
stands in the database than polygons in the shapefile. When a one-to-many relationship exists the
stands in the database are imputed to the various stands in the shapefile which is the case with
Most Similar Neighbor (Crookston et al. 2002) and Gradient Nearest Neighbor (Ohmann and
Gregory 2002) data. With the one-to-many relationship the Stand_ID will be repeated across the
landscape.
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Keywords for Fuel Treatments

A keyword system is used to communicate much of the information used by FVS and its
extensions. A single keyword record consists of the keyword itself and the associated
parameters. Multiple keywords can be strung together in a “KCP” file (fig. 2-5); which is the
format required for running keywords in ArcFuels10. The Suppose software can be used to
generate KCP files or the supplied KCP files can be altered with a text editing program.

P

File Edit Format View Help

'l This SIMFIRE keyword invokes a fire in 2007, 20mph windspeed,
'l an air temperature of 90 degrees F, with user-defined fuel moisture Tevels.
[

Il Fields are 10 columns wide. Fields end in colums 10, 20, 30, 40, 50, 60, 70 & 80
[

[iKeywor‘dl Field 1 | Field 2 | Field 3 | Field 4 | Field 5 | Field 6 | Field 7 | Field 8 |
A - o ——— B o ——— e - - ——— +-—— - +

FMIN

MOISTURE 2007 3 4 6 7 50 60 30
SIMFIRE 2007 20 2 Qa0

END

Figure 2-5—Example KCP file provided with the ArcFuels10 demonstration data. The KCP
models a wildfire in 2007 with user specified moisture parameters.

There are some rules to creating keyword files that must be followed in order for keywords to
function. 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 demonstration purposes.
Users should read the FVS Keyword Guide (Van Dyck and Smith-Mateja 2000), FFE-FV'S
Manual (Rebain 2010), and FVS Event Monitor Guide (Crookston 1990) for a complete
explanation. The parameter headings can be found in this material.

Thinning Keywords—

THINSDI thins to a stand density index target. In the example below, all species in the stand
were thinned from below to 35% of the residual SDI and the cutting efficiency is 90% with no
diameter limits.

THINSDI 2000 .35 090 O 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% efficiency.

ThinBBA 2000 150 0.95 0.0 999.0 0.0 999.0

ArcFuels10 Tutorial Supplemental Information DRAFT 15



SPECPREF sets a removal preference, by species, for subsequent simulated thinning. 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% of fuels
from size classes 3, 4, and 5 in 2002.

FUELMOVE 2002 3 0 0 9 999 0
FUELMOVE 2002 4 0 0 9 999 O
FUELMOVE 2002 5 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 category from the SIMFIRE keyword.
In the example below, the fuel moisture is set for 2007. One-hr fuel moisture is 3%, 10-hr is 4%,
100-hr is 6%, 1000-hr is 7%, duff is 20%, live herbaceous is 60%, and live woody is 90%.

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
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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 for the following trees per acre, basal area, total cubic
volume, merchantable cubic foot volume, total board foot volume, quadratic mean diameter,
average height, percent cover, average mistletoe rating, stand density index, species specific
average diameter growth per acre, tree value class, tree status, and range of diameter and height.
The example below returns the quadratic mean diameter of recent mortality trees which are at
least 10 in DBH and at least 40 ft tall.

SPMCDBH(5,0,0,10,999,40,999,1)
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Output Descriptions and Units

ArcFuels10 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. For more
information about the forms and options see the ArcFuell10 Tutorial. Tables 2-3 through 2-13
contain all the output units for hardwired results tables from FVS runs. For units specific to other
keywords see the FVS literature.

Table 2-3—Output units for the FVS_Cases table (default output with ArcFuels10).

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
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Table 2-4—Output units for the FVS_Summary table (default output with ArcFuels10).

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 %
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 bd ft
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 bd ft
ATBA Basal area, after treatment ft’/ac
ATSDI Stand density index, after treatment n/a
ATCCF Crown competition factor, after treatment %
ATTopHt Top height, after treatment ft
ATQMD Quadratic mean diameter, after treatment in
PrdLen Period length years
Acc Accretion ft3/aclyr
Mort Mortality ft3/aclyr
MAI Stand mean annual increment infyr
ForTyp Forest type n/a
SizeCls Stand size class n/a
StkCls Stand stocking class n/a
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Table 2-5—Output units for the FVS_StrClass (structure class) table (default output with

ArcFuels10).

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 %
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 %

Structure class: ground (BG), stand initiation (SI), stem exclusion (SE),

understory reinitiation (UR), young forest multistrata (YM), old forest
Structure_Class single stratum (OS), or old forest multistrata (OM) n/a
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Table 2-6—Output units for the FVS_Fuels table (default output with ArcFuels10).

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_6t012 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_It3 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_It3 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
Total harvested wood (live and dead), and surface fuels removed via
Biomass_Removed FUELMOVE ton/ac
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Table 2-7—Output units for the FVS_PotFire (potential fire behavior) table (default output

with ArcFuelsl10).
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 if torching, severe condition n/a

Torching index, 20ft wind speed required to cause torching of some trees,
Torch_Index severe condition mph
Crowing index, 20ft wind speed required for to cause active crown fire,

Crown_Index severe condition mph
Canopy_Ht Canopy height ft
Canopy_Density Canopy bulk density kg/m?
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 %
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Table 2-8—Output units for the FVS_Compute table. This is a table specific to ArcFuels

that contains some potential fire behavior information and data required to build

landscape files (default output with ArcFuelsl10).

Metric Description Units
SEV_FLAM Flame length, severe condition ft
MOD_FLAM Flame length, moderate condition ft
CcC Canopy cover %
FML Fuel model n/a
CH Canopy height ft
CBH Canopy base height ft
CBD Canopy bulk density kg/m?
YR Simulation year n/a
Table 2-9—Output units for the FVS_BurnReport table (only produced when a fire is
simulated).
Metric Description Units
One_Hr_Moisture 1-hr time lag fuel moisture %
Ten_Hr_Moisture 10-hr time lag fuel moisture %
Hundred_Hr_Moisture 100-hr time lag fuel moisture %
Thousand_Hr_Moisture 1000-hr time lag fuel moisture %
Duff_Moisture Duff moisture %
Live_Woody_ Moisture Live woody plant moisture %
Live_Herb_Moisture Live herbaceous plant moisture %
Midflame_Wind Midflame wind speed based on 20ft wind input and canopy cover mph
Slope Slope of the stand %
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, or active crown fire n/a
FuelModIX Fire behavior fuel model X selection n/a
WeightX Fire behavior fuel model X weight %
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Table 2-10—Output units for the FVS_Consumption table (fuel consumption from fire,
only produced when a fire is simulated).

Metric Description Units
Min_Soil_Exp Mineral soil exposure %
Litter_Consumption Litter consumed ton/ac
Duff_Consumption Duff consumed ton/ac
Consumption_It3 1, 10, and 100-hr fuels consumed ton/ac
Large surface fuels (greater or equal to 3 in diameter) consumed in the
Consumption_ge3 simulated fire ton/ac
Consumption_3to6 Large surface fuels (3 to 6 in diameter) consumed ton/ac
Consumption_6to12 Large surface fuels (6 to 12 in diameter) consumed ton/ac
Consumption_gel2 Large surface fuels (greater or equal to 12 in diameter) consumed ton/ac
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_Consumption_ge3  Large surface fuels greater or equal to 3 in diameter consumed %
Crown fraction burned: surface fire = 0; active crown fire = 100; passive
Percent_Trees_Crowning crown fire is between 0 and 100 %
Smoke_Production_25 Smoke produced, particles greater than 2.5 microns (PM, ) ton/ac
Smoke_Production_10 Smoke produced, particles greater than 10 microns (PMy) ton/ac
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Table 2-11—Output units for the FVS_Mortality table (tree mortality from fire, only

produced 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 t010 in DBH) trees/ac
Total_class2 Trees before fire in class 2 (default 5 t010 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 t030 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_classb 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 to50 in DBH) trees/ac
Total_classé Trees before fire in class 6 (default 40 to50 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
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Table 2-12—Output units for the FVS_Carbon and FVS_Hrv_Carbon (harvested) carbon
(C) tables (only produced when the C outputs are selected).

Metric Description Units
Aboveground_Total_Live Total aboveground live tree C ton/ac
Aboveground_Merch_Live Total aboveground merchantable tree C ton/ac
Belowground_L.ive 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, 1000-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
ArcFuels10 Tutorial Supplemental Information DRAFT 26



Table 2-13—Output units for the FVS_TreeList and FVS_CutL.ist tables (only produced
when the outputs are selected).

Metric Description Units
PrdLen Length of the projection cycle yr
TreelD Tree identification code n/a
A sequential index number assigned to the tree records as they are
Treelndex processed by FVS n/a
Species Tree species code, FVS alpha, FIA, or USDA plant code n/a
TreeVal Tree value, 1=desirable, 2=acceptable, 8=non-stocked, all other=live cull  n/a
SSCD Special status code n/a
PtIndex Point (or plot) index n/a
TPA Trees per acre represented by the record trees/ac
MortPA Trees per acre represented by the record that died that cycle trees/ac
DBH Diameter at breast height in
DG DBH growth in
Ht Total height ft
HtG Height growth ft
PctCr Percent live crown %
CrWidth Crown width ft
MistCD Mistletoe rating code n/a
BA Pctile Basal area percentile n/a
PtBAL Point basal area in larger trees ft’/ac
TCuFt Total cubic foot volume per tree ft>
MCuFt Merchantable cubic foot volume per tree ft>
BdFt Board feet ft?
MDefect Merchantable cubic foot defect percent %
BDefect Merchantable board foot defect percent %
TruncHt Truncated height - height to the point of breakage or top-kill ft
EstHt Estimated height ft
ActPt Actual point (or plot) number from input n/a
Ht2TDCF Height to the merchantable cubic foot top diameter ft
Ht2TDBF Height to the merchantable board foot top diamete ft
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Using the 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.
PPE can model multiple, spatially explicit treatment constraints and priorities at the stand scale

for a given landscape.

For example, if a comparison is desired of two treatment strategies, one where stands are
selected for treatment based on their tree density, and another based on the proximity to
structures. Presume also that six treatment levels are desired where 0, 5, 10, 20, 30, and 40% of
the landscape is treated. These scenarios are simulated with the MSPOLICY keyword to set the
priority treatment variable, and the total treatment constraint. The priority variable can be a 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.

On the ArcFuels10 Run FVS form (ArcFuels toolbar->» Landscape->Run FVS) select the FVS
Inputs tab and select the PPE_ReadVariablesFromStandDatabase.kcp from within the PPE

folder which is inside the KCPs folder in the data folder of the ArcFuels directory to read in the
homedens data (fig. 2-6). Open PPE_ReadVariablesFromStandDatabase.kcp; the KCP file reads

the homedens variable from the stand input table and sets a FVS compute table equal to the
variable. The subsequent commands make a compute variable to echo the database contents into

the FVS output database (fig. 2-7).

Select the FVS Options tab, enter “hdens” into the priority text box and set the proportion to
“0.2”, then click the Run PPE button (fig. 2-6). The resulting run will treat 20% of the landscape
(about 200 stands) and prioritize the treatments according to the distance to homes. This can be
repeated for the other percentages (i.e. 5, 10, 30 and 40%) mentioned above.
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Figure 2-6—Run FVS form set up for a PPE run that treats about 20% of the landscape.
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Figure 2-7—KCP for reading the homedens data from the database for a PPE run.

To use an event monitor variable as the treatment priority, declare the variable ina COMPUTE
statement, i.e., make a new variable and set it equal to a pre-defined 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
“computepriority.” An example application of this system can be found in Finney et al. (2007).
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3. Fire Climate/Weather Data & FireFamily Plus

In order to model fire behavior, climate or fire weather is needed. NEXUS (Scott 1999),
BehavePlus (Heinsch and Andrews 2010), FlamMap, and FARSITE (Finney 1998) all require
fuel moisture (1-hr, 10-hr, 100-hr, live herbaceous, live woody) and wind speed. In NEXUS and
BehavePlus the user types in these data, whereas FlamMap and FARSITE use an ASCII file (fuel
moisture file, FMS) that defines the live and dead fuel moistures. Because FlamMap and
FARSITE are landscape-level fire simulation models, the initial fuel moistures can be
conditioned using hourly weather data. Fuel moisture conditioning results in more realistic fire
behavior outputs because fuel moistures will be calculated based on weather, topography, and
shading for each pixel in the landscape using the initial fuel moistures as a starting point. The
files needed for fuel moisture conditioning can be quickly created in FireFamily Plus.

This section is meant to be a brief introduction on FireFamily Plus (FFP, version beta 4.1)
highlighting the programs ability for creating fire weather files for use in FlamMap 5. There are
many functions within FFP that will not be discussed. For more information about the program
the FFP Version 4 User’s Guide is provided in the optional docs folder (C:/arcfuels/docs/
FFP41 Users_Guide.pdf) or from their website
(http://www.firemodels.org/index.php/firefamilyplus-software/firefamilyplus-downloads). In
addition to options in FFP to create weather files needed, alternative methods are described
below.

Program Overview

The FFP program is used to analyze weather data, climatology, and fire occurrence data for long
term fire management plans. The FFP program will generate Pocket Cards for firefighter safety
and supports many of the climatology data requirements for fire growth projections using
FlamMap.

FireFamily Plus uses data from remote automated weather stations (RAWS) and fire occurrence
data. It can use both daily observations and hourly data. Data is available from a number of
sources: Fire and Aviation Management Web Applications (FAMWEB,
https://fam.nwcg.gov/fam-web/) provides daily and limited hourly weather data and fire
occurrence data; Western Regional Climate Center (WRCC, http://www.raws.dri.edu/) provides
hourly weather, a password is needed for data more than 30 days old; and MesoWest
(http://mesowest.utah.edu/index.html) provides hourly weather data, an account is needed to
download more than one day at a time. The FAMWEB and WRCC data are provided in a format
ready to import into FFP, MesoWest does not.

Tutorial

The tutorial will demonstrate how to download weather data from the FAMWEB website using
the Kansas City Fire Access Software (KCFAST) option. Please note daily data can also be
downloaded from the state data fire and weather data option on the FAMWEB website. The key
differences between the state data and the KCFAST data is KCFAST is current to the day
whereas state data is through the previous year, and state data does not include any hourly
observations. Similarly hourly data can be obtained from WRCC or MesoWest but both websites
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require passwords to download older data and additional steps for import into FFP. However, if
you need hourly weather that is older than about 2 years, use one of those sites instead of
KCFAST.

Obtaining fire weather and occurrence data and importing it into FFP—

This exercise will demonstrate how to download fire weather data for a single RAWS from the
FAMWEB website using the Kansas City Fire Access Software (KCFAST) option and how to
import it into FFP. FAMWERB State Data will be used to download fire occurrence data.

The closest RAWS is not always the best one to choose. The RAWS(s) used should represent the
climatological conditions (i.e. slope position, aspect, elevation, fuel model type, weather
patterns) as best as possible. In addition, the rule-of-thumb is to have at least 10 years of data
available, 20 years is even better, and 30 years is considered to be statistically complete. The
LAGRANDE! station has data from 2002-present, whereas the EDEN and J-RIDGE have data
from 1985-present (fig. 3-1). The RAWS used for demonstration purposes will be EDEN (fig. 3-
1).

EDEN
*
LAGRANDE1
& ¢
X RAWS
J-RIDGE D Mt. Emily project area
* 0 5 10 20 mi

Figure 3-1—RAWS near the Mt. Emily project area.

For detailed information and instructions for choosing the most appropriate RAWS see Lesson

3 in the S-495 online course materials (http://www.frames.gov/partner-
sites/niftt/training/nwgc-training-courses/).
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1) Go to the National Fire and Aviation Management webpage (FAMWERB):
https://fam.nwcg.gov/fam-web/ and click on KCFAST on the left hand side menu bar (fig. 3-

2).

» FAMWEB
Administration

AMIS
ARS
AWSR
FIRESTAT
P SIT Report
» 209 .
» FAMWEB Data W~ _aouse

FEPMIS
KCFAST —
» WIMS

Figure 3-2—FAMWEB website homepage menu bar.

a) This will open a new window for the KCFAST home page (fig. 3-3).

KCFAST Main Menu
Weather

Fire

Products

Anonvmous FTP site

About KCFAST

Figure 3-3— KCFAST website homepage.
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b) Click on Weather then Data Extract then Historical on the left hand side menu bar to
open the Historical Fire Weather Extract page (fig. 3-4).

CFAST Mai e e s
= AT R Historical Fire Weather Data
P Extract
Weather =~ \
Extract p 4 Station ID:[351518
Historical
Date Range:
Utilities
Station Begin: [01JAN-1985  End |30-AUG-2012
Catalog
Other Please enter the dates in DD-MON-YYYY format.
Sources
Fire Weather Observations:
Fire (The 1972 raw datafile option typically requires several minutes to execute,)
Products Raw Datafile - 1972 Data Format
Raw Datafile - 1998 Data Format
Anonymous FTP 1972 Datafile Definition
site 1998 Datafile Definition
About KCFAST Raw datafiles will be sent to your designated FTP site.

When requesting raw datafiles, please indicate if you wish to receive an email
notfication when the datafile is available

Send email © Do not send email ¢

Submit l Reset I

Figure 3-4—KCFAST Historical Fire Weather Extract page.

i) Station ID: type “351518” in the text box. This is the station identification number for
the Eden RAWS.

ii) Begin: type “01-JAN-1985" in the text box. The data spans from 1985 until present
for this RAWS.

iii) End: type “30-AUG-2012” or todays date in the text box. The KCFAST data is
updated daily.
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iv) Fire weather observations: select the Raw Datafile — 1998 Format option. This
returns data in the *.fw9 format which is readable by FFP. The 1998 format includes
daily observation throughout the time period downloaded, and hourly observations
for the past three years.

v) Select the Do not send email option.

vi) Click Submit and a new window will open noting the file name and the ftp address
where the data will be placed (fig. 3-5). You may want to write down the file name
and the ftp so you can reference it later. You will retrieve all the data at once in Step

2.
KCFAST Main FTP REQUEST CONFIRMATION
Menu
The FTP file request has been received.
Weather The file "wxobs981351518101-JAN-1985130-AUG-2012 fw?' will be transferred
to
Data FTP site - fip2 fs fed us/incoming’'wo_fam/ .
Extract . .
= PLEASE remember to delete the file from the the fip site after vou retrieve it.
Historical

Figure 3-5—File name and ftp site window.

If you do not know the station ID for a particular RAWS or what RAWSs are near your project

area, the WRCC website has a map with all the stations noting both the name and ID.

c) Return to the Historical Fire Weather Extract page (fig. 3-4).
i) Station ID: type “351518” in the text box.
ii) Begin: type “01-JAN-1985" in the text box.
iii) End: type “30-AUG-2012” or todays date in the text box.

iv) Fire weather observations: select the Raw Datafile — 1972 Format option. This
returns data in the *.fwx format which is readable by FFP. The 1972 format only
includes daily observation throughout the time period downloaded.

v) Select the Do not send email option.

vi) Click Submit and a new window will open noting the file name and the ftp address
where the data will be placed (see fig. 3-5 for an example). Again, take note of the
file name and the ftp. You will retrieve all the data at once in Step 2.

d) Click on Station Catalog then Station Information on the left hand side menu bar to
open the Weather Station Information page (fig. 3-6).
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Figure 3-6—KCFAST Weather Station Information page.

i) Select the By Single Station option.
ii) Station ID: type “351518” in the text box.
iii) Select the Send file to FTP site option.

iv) Select the Do not send email option.
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v) Click Submit and a new window will open noting the file name and the ftp address
where the data will be placed (see fig. 3-5 for an example). Again, take note of the
file name and the ftp. You will retrieve all the data at once in Step 2.

2) Open a new Windows Explorer window and type the ftp address
(ftp:/ftp2.fs.fed.us/incoming/wo_fam/) in the Address bar then click the Go button (white
arrow in the green box) to the right (fig 3-7). It is easier to find the files requested using
Windows Explorer than the ftp site through Internet Explorer because you can sort the data.

|J Address |%I frp:)fFep2 . Fs.Fed,usfincomingwa_Fam) j ﬂ
| Marmne | Sizel Tvpe

Folder Tasks S B 0 %  2.75ME FW9 File

. _ ] 2,92 KB Text Document

3y Move the selected items [Z] wstinw 11101045, bxt 3.00KE  Text Document

[) Copy the selected irems 2| wlstinw 11101044, bxt 4.74KB  Text Document
¢ Delete the selected wxobs72al101045101-1M- 195011 3-5EP-2012.Fwe 825 KB  FW File
iterns wxobs72al101044101-J4M- 195011 3-5EP-2012.Fw. 623 KE  FWY File
wxobs72al 100799101-14N- 195011 3-SEP-2012. Frx 205KE P File

Other Places s IE wlstinee 11100799, Ext 305KE  Text Document
wxobs72al35151 8101-18M-1985130-AL5-2012 P 333 KB PW¥ File

%I incarming [Z] aregon_primary_model bxt 26.1 KB Text Document
4 My Documents -:ur_u:ul:us.wa 7A1KE  PWi File

Figure 3-7—Data on the FAMWERB ftp site, with the files for the Eden RAWS highlighted.

If your windows explorer window does not look like figure 3-7, change the view to “Detailed.”

Windows XP main menu bar 2»View -»Detailed, Windows 7 change view icon =>Detailed.

a) Sort the data by the Date Modified (click on the heading) to move the most recently
requested files to the top of the list and find the three files requested:
wx0bs98!351518!01-JAN-1985!30-AUG-2012.fw9, wxobs72a!351518!01-JAN-
1985!30-AUG-2012.fwx, and wistinv1!351518.txt. If they are not there yet wait a couple
of minutes and then refresh the window.

b) Cut and paste the files into the outputs folder in the ArcFuels directory. Close the ftp site
window after the files have transferred.

3) Go to the National Fire and Aviation Management webpage (FAMWEDB):
https://fam.nwcg.gov/fam-web/ and click on Wildland Fire Related Links and then Fire
and Weather Data on the left hand side menu bar (fig. 3-8).
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https://fam.nwcg.gov/fam-web/

» FAMWEB
Administration

AMIS
ARS
AWSR
FIRESTAT
» SIT Report
» 209
» FAMWEB Data Warehouse

FEPMIS
KCFAST {,{3‘

» WIMS

» Electronic Forms

~ Wildland Fire Related Links =

Figure 3-8—FAMWERB fire and weather data.

a) This will open a new window for the Fire & Weather Data, click on State Data on the
left hand side of the window (fig. 3-9).

FIRE & WEATHER DATA

f“"*"x

X

QM

Home

State Data
Eotiiate: = Apl’ll 4, 2012

KMZ
2ip Files Fire occurrence data has been updated with

2011 data. See State Data.

Figure 3-9—Selecting the State Data option.
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b) Select Oregon from the drop-down list, then click on Fires-FS (fig. 3-10).

ire & Weather Data: Oregon

Home

Jur to data rows Last Updated
State Data S ar P 28 San At
Formats seather riies ! 2012
KMZ Select state: Fires - BIA 04-Apr-2012
Zip Files
I _J Fires - BLM 04-Apr-2012
Oregon -
€9 Fires - FS 04-Apr-2012
Fires - FWS 04-Apr-2012
Fires - NPS 04-Apr-2012

Figure 3-10—Selecting Oregon and jumping to the Forest Service fire data.

When gathering your own data if the Fires-FS option is not available for your state scroll

down the main page until you see the Fire Occurrences Files box and proceeded to step c.

c) Scroll down until you see the Umatilla and Wallowa-Whitman National Forests, these are
the two that the Mt. Emily project area is on (fig-3-11).

Fire Occurrence Files

Agency Unit Unit Name Fire Data
Identifier

3 ORSUF Siuslaw National Forest finfmas210612119501201 1. raw
FEE ORUMF Umatilla National Forest finfmas21061411950!12011.raw
EE ORUPF Umpqua National Forest finfmas210615119501201 1. raw
FE ORWWF Wallowa-Whitman National Forest finfmas2'06161195012011.raw
Il ORWIF Willamette National Forest finfmas2106181195012011.raw
N ORWNF Winema National Forest finfmas210620119501201 1. raw

Figure 3-11—L.st of fire occurrence files for the state of Oregon.

i) Right-click on fInfmas2!0614!1950!2011!raw and select Save Target As... from the
menu that opens. Save the file in the outputs folder in the ArcFuels directory.

i) Right-click on fInfmas2!0616!1950!2011!raw and select Save Target As... from the
menu that opens. Save the file in the outputs folder in the ArcFuels directory.

d) Close Internet Explorer.
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4) Open FFP via the ArcFuels10 tool bar (ArcFuels10 toolbar->Wildfire

Models>FireFamily Plus, fig. 3-12).

FireFamily Plus g

E¥

File Help

i e

Fire Family Plus

version 4.0

BT,

@P‘ T Ué‘\S?
e MANAGEMEINT 4'1«;:‘.7

Ready

Z

Figure 3-12—FireFamily Plus startup screen.
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5) Create a new FFP database (FFP->File=>New); name it “EdenRAWS.mdb” and save it in
the outputs folder in the ArcFuels directory (fig. 3-13).

FireFamily Plus - [EdenRAWS.mdb - Working Set] _._Lnlﬂ
[l Fle Data Weather Fres Options Batch Window Help =181 %]

85| Sk Sl lalal sia| Bl cfel 2

Database Name: [\ arcluels\outputs\E denRAWS
Descriptiort |Detfauit Database Structure for FireF amily Plus

|»

~Active Wi Set Definition
~—SIGI:wu':\ ' -W?&m OfYOUl‘D—‘
| = =
-~ Data Years Porsy - - =
|2007 3. thiu |2m7 3: IDecembu _'_] ]31 ﬁ

[T Enable Audiary Year Overlays

- w —
el RN A

51G/Station Metadata
StationlD  Name  NFDRS Fuel Model  Use 88 Mode Slope Class Climate Class Gr |

H o

Ready w4

Figure 3-13—FFP home screen for Eden RAWS.
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6) Import the station information and fire weather data by opening the Import Fire and
Weather Data form (FFP menu bar->Data-> Import, fig. 3-14).

x
— Stations
WS Station Catalogs |
—'Weather———— —Fires
Old Fus Files | Agency. | =
New Fw3Files | A Fies |
Generic W ||'l'll3"2'ft| YSER| Fire [mpart |
WRCC RS | Generic Fire [rmport |

Cloze |

Figure 3-14—Import Fire and Weather Data form.

a) First the station information will be imported. Click the WIMS Station Catalogs button.
Navigate to and open the wistinv1!351518.txt file from the outputs folder in the ArcFuels

directory. After the import is complete a window will open indicating it is done and if
any errors were found (fig. 3-15). Click Close to close the window.

Import Complete

Irpart Complete.

[ emors were encountered.

Be zure to check for and enter mizzing values for
imported ztationg.

Ezpecially Greenup and Freeze dates! [T he Grippster,
1939)

x|

Figure 3-15—Import Complete window.

ArcFuels10 Tutorial Supplemental Information

DRAFT

41



b) Next the weather data will be imported. Click the Old Fwx Files button. Navigate to and
open the wxobs72a!351518!01-JAN-1985!30-AUG-2012.fwx file from the outputs folder
in the ArcFuels directory. A progress window will open and when import is complete a
window will open indicating it is done (fig. 3-16). Click Close to close the window.

PN importing weather Data = b
. Record Count: |28884

IReading: C:A\arcfuels\exercise_outputs\Supplemental\FFP\w

Cancel |
=3l Import Complete | x|

Import Complete.
0 errors were encountered.

| Close I View Log |

Figure 3-16—Progress meter (A) and completion (B) windows.

c) Click the New FW9 Files button. Navigate to and open the wxobs98!351518!01-JAN-
1985130-AUG-2012.fw9 file from the outputs folder in the ArcFuels directory. A
progress window will open and when import is complete a window will open indicating it
is done (see fig. 3-12 for an example). Click Close to close the window.

If errors were encountered, click the View Log button to see what the errors were and then
correct them. For detailed information about fire weather and tutorials for downloading data

and correcting errors see Lesson 3 in the S-495 online course materials
(http://www.frames.gov/partner-sites/niftt/training/nwgc-training-courses/).
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d) Finally, the fire occurrence data will be imported, under Fires select USES from the drop-
down list to the right of Agency (fig. 3-17).

Import Fire and Weather Data x|

— Stationz

WS Station Catalogs |

—'Weather———— —Fires
Ol Fuux Files |
New Fw3Files | Réw Fies |
Generic W ||'l'll3"2'ft| YSER| Fire [mpart |
WRCC RS | Generic Fire [rmport |

Cloze

Figure 3-17—Importing past fire data.

i) Click RAW Files and navigate to and open the finfmas2!061411950!2011.raw file
from the outputs folder in the ArcFuels directory. A progress window will open and
when import is complete a window will open indicating it is done (fig. 3-18a). Click
the View Log button to view the import information and see what the new Fire
SubUnits are (fig. 3-18b). Click Close to close the Import Error Log window and
again to close the Import Complete window.
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PN oor conpiete

Import Complete.
0 enors were encountered
2 new Fre Sublnds were created.

e
Sfimporterroriog x|

FireF amily Plus RAW Fre Data Import Log
Started: 09/14/2012 at 13.00.07

----------------------------

Import File Name: C:\arcluels\exercise_outputs\Supplemental\FFP\finimas 21061411 35012011 raw
Record Number 28, Added New SubUnit: ‘03 Unknown'
Record Number 5031, Added New SublUnit ‘08 Unknown'
Processed 5171 fire records
Appended 5171 fire records.
Regected 0 duphicate fire records
Repected 0 fre records for bad data.

Import Compieted: 09/14/2012 at 130011
0 etrors were encountered

[ Coe | Pit. |  Saveas. |

Figure 3-18—Import Complete (A) and Import Error Log (B) windows for the Umatilla fire
occurrence data.

i) Click RAW Files and navigate to and open the finfmas2!0616!1950!2011.raw file
from the outputs folder in the ArcFuels directory. A progress window will open and
when import is complete a window will open indicating it is done. Click the View
Log button to view the import information and see what the new Fire SubUnits are.
Click Close to close the Import Error Log window and again to close the Import
Complete window.

e) Click close to close the Import Fire and Weather Data form.
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7) Next you will look at the imported weather data.

a) Under Active Working Set Definition and then SIG/Station select 351518 — EDEN from
the drop-down list (fig. 3-19). This will populate the Data Years and SIG/Station

Metadata.
FireFamily Plus - [EdenRAWS.mdb - Working Sek] - |EI|5|
. File Data Weather Fires Options EBatch Window Help - ||5’|5|

= s S e s Wed T A K 2 = I e s A

D atabase Mame: IE: harcfuelzhoutputzEdenFalwS

|»

Dezcription: IEden RalWS
—Active Wiorking Set Definition
— |G Shation Annual Filker [Time of Y'ear]
kanth Dray
|351518 - EDEN =]
IJanuar_l,l j I'I ﬁ
—DataYears (1985 - 20012]1—————— thri
I-I W1 thu |2EI1 2 3: IDecemher | I31 j

[ Enable usilian vear Overlays

—f&nalyziz Peniod Length [Days]
1 - Fire Azzociations |

S51G4Station ketadata;

| NFDRS Fuel Model  Use 88 Mode| Slope Class (Climate Class Gr__

C - Pine-Grass Savanna ] 2 2 05/

1| | ]
Ready | UM L

Figure 3-19—Main FFP page with the EDEN RAWS selected.

b) Data Years (1985 — 2012): shows the span of the data available, before the import it was
simply Data Years (see fig 3-13). Type “1985” thru “2012” in the appropriate text boxes,
which will allow you to work with data for all the years for the station.

c) Annual Filter (Time of Year): this allows you to define the season of data you want to
look at or use for analysis. Leave the default January 1 thru December 31 for now.

d) Under SIG/Station Metadata is the station information, this is what was in the
wistinv1!351518.txt file. Information includes the NFRDS Fuel Model, station elevation
and slope position, green-up and freeze dates, etc. Scroll to the right to see all the
information.
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e) To see the imported weather observations FFP menu->Weather-> View
Observations>All (fig. 3-20). Scroll to the right to see all the data options, and scroll
down to see all the dates imported. To see where the hourly data starts go to 9/12/09, this
is 2 years prior to the download date. This will depend on when the data was requested,
for the tutorial the data was requested on 9/12/12. Close the observations window when
you are done exploring.

[ brefomdy Plus [Observations] =10l
—Fle Data Window Hep o A =i8ix]
4] e el sle lode) sla] sle] cfo] 2|
&0
5,573 351518 03106409 13:00 o 2 ) 2 0.09 2 7
5,574 ;1518 09/07)09 13:00 o 2 4 3 0.00 0 6
5,575 B1518 09/08/09 13:00 o 0 70 20 0,00 0 1
5,576 351518 09/0909 §3:06 _5;9“'\ 3 79 17 0.00 o ‘ aad
5,577 1518 0910009 13:00 ‘3._&"’ 0 8 23 0.00 0 5
ss wisis o100 W o 0 7 14 0.00 0 5
5,579 | 351518 wi2mm ¥ R 0 7 0.00 0 2
 ses0 s 09712409 01:00 f 60 4 0,00 0 2
-~ se81 |58 09712403 (02:00 R 59 a2 0.00 0 1
5,582 381518 0971203 03:00 R 57 4 0.00 o 2
5583 11518 0371209 04100 R 23 %% 0.00 0 0
s584 | sise 09712409 05:00 B 56 7 0.00 o 2
5,585 1 ®isa 09712409 06:00 R 55 4 0.00 0 0
5,586 »158 09/12§09 07:00 R 65 « 0,00 0 0
5,587 | 351518 09/42{09 08:00 R 7 ] 0.00 o !
5,560 1 31518 09/12/09 09:00 a 7% 30 0.00 0 2
5,589 | 351518 09/12409 10:00 R # 2 0.00 o 2
S50 miss 09/12/09 11:00 [ 87 20 0.00 0 3 et
5,591 | 351518 0971209 12:00 a ) 16 0,00 0 5
5502 | 351518 09/12)09 13:00 o 0 o 14 0.00 0 5 _I_-j
«| »
-
Resdy o

Figure 3-20—Imported fire weather observations pointing out the daily versus hourly data.
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8) Finally you will look at the fire occurrence data. This data can be used to assess the fire
season duration and to see what notable fires have occurred near your analysis area. Because
the Mt. Emily project area spans two National Forests we will include data from both.

a) Open the Select Fires for Summary for Station 351518 form (FFP menu->
Fires>Associations, fig. 3-21).

x
USFS |pia | BLM | NPS | Fws |
Region(z] Unit(g] Sub Unit(z)
11 Morthern Region [R1] 10 Rogue River MF ;l 00 Unknown -
02 Rocky Mountain Region [R2] |11 Siskivou NF 01 Baker RD
03 Southwest Region (R3] 12 Siuzlaw NF 01 Dale
04 Intermauntain A egion [Fd) 14 Umatilla HF 02 Hepprer RD
15 Pacific Southweszt Region [R5 02 wallowa Walley RD
16 Pacific Northwest Begion [BE] § 16 wWallowa-\whitman NF 03 Eraing Mystery BD 1
18 Southern Region [RE] 17 wenatchee MF 03 Unknown
09 E asterm Region [R3) 18 Willamette MNF 04 Hellz Canyon MRA
10 Alazka Region (R10) 20 inema NF 04 Pomeroy RD
21 Colville MF - 05 Eagle Cap RD LI
N5 Martk Fark dnba Tan BOD
Yiew Selections | Wiew Fires 0K I Cancel | Apply |

Figure 3-21—Setting the fire associations.

1) Select the USFS tab then under Regions select 06 Pacific Northwest Region (R6),
under Units select 14 Umatilla NF and 16 Wallowa-Whitman NF. The Sub Unit(s)
will auto-populate.

ii) Click View Fires to open a windows with a list of all the fires on the Umatilla and
Wallowa-Whitman National Forests from 1985 to 2011 (fig. 3-22).

iii) With the fire list window open scroll up and down and to the right to look at what
information is available (fig 3-22). Close the fire list window when you are done
looking at it.
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5[
"I File Data ‘Window Help - =121 x|
H|Z| S| 2=k 55 Elm| ol 2]
Discovery Cause Fire Name Fire Num =
3,616 |07/29/95 0.2 1 Lightning MILL CREEK 032
3,617 | 07/30/95 4.0 1 Lightring ROBERTSON 031
3,618 | 0/01/95 0.1 1 Lightring  S&MND PHF 036
3,610 | 0(02/95 3.0 1 Lightring FLY¥ CREEK 034
3,620 | DS/03/95 0.1 4 Campfire CHASE 013
3,621 | DS{06/95 0.1 1 Lightring 014
3,622 | 08/09/95 0.1 4 Campfire ICE LAKE 039
3,623 | 08(11/95 0.1 1 Lightring SWEAT 015 L
3,624 |05/13/95 0.1 1 Lightning SHEEP 026
3,625 | 08(13/95 0.1 1 Lightring 016
3,626 | D8/17/95 0.1 4 Campfire 017
3,627 | 0S/18/95 0.1 1 Lightring THIRTYTWO POINT 040
3,628 | 08/2295 0.1 3 Smoking 018
3,620 | 08(28/95 3.0 3 Smoking  SKOOKLIM 041
3,630 | 08/29/95 0.1 4 Campfire LOST LAKE 043
3,631 | 08(31/95 0.1 3 Smoking 019
*‘?T nainzfas | 1.0 4 Camnfire FI KHORM M4 _"’lll
4| | 3
Ready l_j

Figure 3-22—Fires on the Umatilla and Wallowa-Whitman National Forests from 1985 to 2011.

b) Open the fire summary graphics (FFP menu->Fires=>Summary->General > View
Fires, fig. 3-23).

i) With the fire summary window open look at the various graphics created. The upper
left quadrant (A) is the total number of fire and acres burned by year. The largest
acreage year was 2007, and the year with the most fires was 1896. The upper left
hand quadrant (B) is the percentage of fires that occur in each month. This can be
used to determine the fire season. Based on the fires present July and August are the
peak fire months with June, September and October also experiencing quite a few
fires. The bottom graphics include the percentage of fires by fire size class (C), the
percentage of fires by fire cause class (D), and the percentage of fires per fire-day that
tax suppression resources (E). The majority of the fires in the record are small (class
A= <0.25 ac) and are causes by lightning (1=lightning). For this data set the majority
of the time a fire occurs it is the only fire to happen on that day (1,047 fires out of
2,070 fire days) the remainder are multi-fire days with 152 of the fire days having 10
or more fires (E). Close the fire summary window when you are done looking at it.
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FreFamily Plus - [Fire Summary for 351518]

"I Fie Options Window Hep

1985 1990 1995 2000 2005 2010
Total Fires and Acres by Year

=18
= 11 e s 5 7 2 L s L R O 4
é‘ 7205) AdUnellalr Acres (13858794 B
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4004 180000 [
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Ready
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Figure 3-23—Fire summary charts.
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Using FFP to complete a wind analysis for FlamMap—

FireFamily Plus can be used to complete a wind analysis to define the wind speed and wind
direction for modeling in FlamMap5. When modeling fire behavior you need to think about what
part of the day your fire is likely to spread and what winds are likely to affect it during that
period. If there is a prevalent known pattern such as winds out of the south west it is fine to use
that rather than run FFP.

1) On the home FFP screen, the Active Working Set Definition will be updated to represent the
fire season for the wind analysis (fig. 3-24).

FireFamily Plus - [EdenRAWS.mdb - YWorking Set] - |EI|£|

. File Data ‘“Weather Fires Options Batch Window  Help _|5'|5|
H[Z| Slrlen| 2| el 5 B5[w| cse| 2

Database Mame: |E:'xaru:fuels'xu:uutputs"£ denBaWS

Dezcription; IEu:Ien RS
—Active Waorking Set Definition
— SIGStation Annual Filker [Time of YYear]
tonth Dray
|351518 - EDEN =]
I.June j I'I ::ll
—Data Years [1985 - 20012 ———— Wb
|1 390 _I: HhrL |2EI11 3 I October j |31 :II

" Enable Ausiliary Year Dverlays

—a&nalyziz Penod Length [D aps]

1 - Fire Azzociations |

515G AStation Metadata:

StationlD|  Mame NFDRS Fuel Model  [Jse 88 Mode| Slope Class [Climate Class Gre:
EDEN C - Pine-Grass: Savanna ] 2 2 05/t

=
Ready [ |wum 5

Figure 3-24—Main FFP page with the EDEN RAWS selected.

a) Data Years (1985 — 2012): type “1990” thru “2011” in the appropriate text boxes. The
choice of years is to include only years data is available for the whole fire season (2011)
and to match the data available from WRCC (starts in 1990) for a comparison of findings.

b) Annual Filter (Time of Year): select June 1 thru October 31 using the appropriate drop-

down menus and spin boxes. Based on the fire summary graph this is a good
approximation of the fire season for the given RAWS.
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2) Open the Wind report options form (FFP menu bar=>Weather->Winds, fig. 3-25).

Winds report options x|

—Diurnal wind Filkers. ..

[~ o000 - 0300 hrs
[~ 0400 - 0700 hrs
[~ 0800 - 1100 hrs
W 1200 - 1500 hrs {and daily observations)
W 1600 - 1900 hrs
[T 2000 - 2300 hrs

I split into individual windrose graphs

I I Zancel

Figure 3-25—Setting the wind report options.

a) Select the 1200-1500 hrs (and daily observations) and 1600-1900 options. This will
select the daily observations from 1990-2009, and the hourly from dates available from
2009-2011. The wind during hours between 1200 and 1900 are most important to fire
growth for this situation, so we will only look at these winds for fire behavior.

b) Click OK to run the analysis. Several tiled output windows will appear.

c) Look at the Wind Rose — Combined hourly periods window (fig. 3-26). This
summarizes the frequency of wind speed category by direction in a graphical form. There
is a definite trend of winds coming from the south to southwest for this time period and
those winds having the highest speeds. The strongest winds (13-19 mph) occur from the
south, but they rarely occur.
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Figure 3-26—Wind rose for June 1 to October 31 from noon to 1900.

d) Look at the Wind Frequency Table, scroll down to the Combined Hours: 12-15, 16-19,
section (fig. 3-27). This summarizes the frequency of wind speed category by direction in
a tabular form. Winds never exceed 13-19 mph, and the majority of the time winds are
between 4-8 mph (66.7 % of the time). The most typical wind occurrence is 4-8 mph out
of the south (9.5 % of the time).

& 351518 - Wind Frequency Table i =10 x|
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Figure 3-27—Wind frequency report for June 1 to October 31 from noon to 1900. The majority
of the time (66.7%) the wind is between 4-8 mph, and the most common winds are from the
south also between 4 and 8 mph (9.5%).

3) Close all the windows from the wind run.
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Using WRCC data to complete a wind analysis for FlamMap—

The WRCC website also has the ability to generate wind rose graphs and tables using their
hourly weather data. This can be very useful and fast especially for exploring how time of day
affects wind patterns when hourly data is not imported into FFP. We will run the same
assessment as in the Using FFP to complete a wind analysis for FlamMap exercise above.

1) Go to the WRCC hourly RAWS web page: http://www.raws.dri.edu/ (fig. 3-28).

RAWS USA Climate Archive

Best viewed with 800 X 600 or greater screen resolution.

State Selection Map

Figure 3-28—WRCC home page for hourly RAWS data.
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2) Click on the state of Oregon, then find the Eden RAWS and click on it to access the data (fig.
3-29).

Figure 3-29—RAWS station in Oregon.
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3) On menu bar on the left-hand side click on Wind Rose Graph and Tables (fig. 3-30).

Eden Oregon

Earhest available data: May 1990,

NOTE: . Latest available data- September 2012,
},::?.;‘: ,m:‘w S S o Check Data Inventory for data availability between earliest and latest date
o Daily Summary
o Deily Sunmary (with Wind Set the starting date.
Chill and Heat Index)
o Dailv Summarv Time Series Select the Select the ka“ the
o Monthlv Summary Month: Day: Year:
 Monthly Summary (w’ Et [January =] [013] |1990 =]
data)
o Monthly Summary Time
Series % ending date.
o Graph of last 7 davs
o Tmne Series Graph
o Wind Rose Graph and Tables | imme IS;::ct the z'de:rd the
o Wind Stability Wind Rose x & :
Graph and Tables |December »| |31 ] |2011 x|
o Daily Summary ; z
T PRI S Sub mterval wndows:
° g:ﬂ%:,dm‘;}'{’::)ﬁ:: Wind Examples of Sub mterval windows use.
o Daily Summary Time Series :dcc.t thle) \
o Monthlv Summary Aatng Lee:
o Monthly Summary (w/ Et Mouth Day
data) [June  =]fo13]
o Monthly Summary Time Select the
Series Ending Date:
o Graph of last 7 davs Month Day
« Time Series Graph =T PR
e Wind Rose Graph and Tables IOciobet -‘I |31 __J(hchsx\'c)
o Wind Stability’Wind Rose Select the Select the
Graph and Tables Starting Hour: Ending Hour:
o Frequency @ @(exclusi\'e)
Distnbution Histogram
o Data Lister
o Data laventory (Monthly Disclaimer: As with all summarizing products, understanding the nature of
Graphic) the original data is important to understand the results of the summarized
o Station Metadata and Photos | product. Any questions about the nature of the original data or the
o Curent 7-day forecast instrumentation used to collect the original data may be directed to the
(NW'S) (Mav not work Western Regional Climate Center, wree(@dri.edu
correctly for some Central )
and Southern U S states ) Submitlnfo

Chmate Summarv Info

Figure 3-30—Setting up the wind run with WRCC data from their webpage.

a) Set the starting date: select January 1 1990 using the drop-down lists.

b) Set the ending date: select December 31 2011 using the drop-down lists.
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9)
h)

Scroll down to the bottom of the page leaving all the rest of the defaults as is until you
reach the settings for the Sub interval windows.

Starting date: select June 1 using the drop-down lists.

Ending date: select October 31 using the drop-down lists.

Starting hour: select 12 using the drop-down list.
Ending date: select 20 using the drop-down list.
Click Submit Info.

Look at the wind rose (fig. 3-31) how does it compare to the one created in FFP? The
south to southwest winds are still the most frequent, but with this data winds out of the
southwest are more prevalent and stronger than out of the south.

Figure 3-31—Wind rose for June 1 to October 31 from noon to 1900 using WRCC hourly data.

)

ArcFuels10 Tutorial Supplemental Information

Look at the Wind Frequency Table how does it compare to the one created in FFP? The
distribution of wind speeds is very similar between the two data sets. With the WRCC
hourly data the most prevalent wine is from the SSW again at 4-8 mph (64.7%).
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Eden Oregon - Wind Frequency Table (percentage)

Latitude : 45° 55' 36" N
Longitude : 117° 35" 18" W
Elevation : 42
Element :

00 ft.

Start Date : Jan. 1, 1990
End Date : Dec. 31, 2011
# of Days : 3366 of 8035

# obs : poss : 25467 of 80784

Sub Interval Windows
Start End
Date Jun 01 Oct. 31

Hour

12

19

(Greater than or equal to initial interval value and Less than ending interval value.)

Range ' NNENEENE E ESE SE SSE § SSW SW WSW W WNW NW NNW Total

(mph)
13-4 15
4-8 6.1
8§-13 08
13-19 00
19-25 00
25-32 00
32-39 00
39-47 00
47- 00
Total(®s) 84

Calm (<1.3)

Ave

"
Speed 52

1210
4637
0502
000.0
0.00.0
0.00.0
0.00.0
0.00.0
0.000
6348

5147

0707 0809 1012
3531 2529 3964
0102 0203 0816
0000 0.00.0 000.1
0000 0.000 0.00.0
0000 0.00.0 0000
0.00.0 000.0 000.0
0.00.0 0.00.0 0.00.0
0.00.0 0000 000.0

13
7.1
20
0.1
0.0
0.0
0.0
0.0
0.0

1.9
6.9
1.9
0.1
0.0
0.0
0.0
0.0
0.0

4340 3641 5792 105108

4750 4849 5458 58 56
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0.00.0
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Figure 3-32—Wind frequency report for June 1 to October 31 from noon to 1900 using WRCC

hourly data.

4) Close Internet Explorer.
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Using FFP to create the WND and WTR files for FlamMap—

Dead fuel moisture conditioning results in more realistic fire behavior outputs because fuel
moistures will be calculated based on weather, topography, and shading for each pixel in the
landscape using the initial fuel moistures as a starting point. FFP can be used to create wind
(WND) and weather (WTR) files required for dead fuel moisture conditioning in FlamMap.
Hourly data is needed to create the WND and WTR files. In the example you will create the files
for the month of August in 2012. Another option would be to use data leading up to a known
large historic fire.

1) On the home FFP screen, the Active Working Set Definition will be updated to represent the
month of August for 2012 for the hourly data analysis (fig. 3-33).

FireFamily Plus - [EdenRAWS.mdb - Working Set] - |I:I|£|
.File Cata ‘Weather Fires Options  Batch  ‘Window  Help =|5] x|

= s ) s L T K e e i S A

Dratabase Mame: IE:"-.arcfueIsH-:uutputs"-.E denFalw S

Dezcription: IEu:Ien RS
— &ctive Working Set Definition
— GG /Station Annual Filter [Time of Year)
b itk [rap
|351518 - EDEN =l

I.-’-'-.ugust j |'|

—Data Years [1985 - 2012] thiu

IEEI'I 2 _I? thiu IED-I 2 = | I.-'i‘-.ugust j I31

[ Enable Ausilian: Year Overlays

Lkl Lk

—&nalyziz Penod Lenath [Days]
1 - Fire Azzociations |

S5 /Station Metadata: o
| NFDRS Fuel Model  |Use 88 Mode Slope Class Climate Class G

izl C - Fine-Grazs Savanna ] z P 05,
.| | 2l
Ready UM b

Figure 3-33—Main FFP page with the EDEN RAWS selected for August 2012.
a) Data Years (1985 — 2012): type “2012” thru “2012” in the appropriate text boxes.

b) Annual Filter (Time of Year): select August 1 thru August 31 using the appropriate drop-
down menus and spin boxes.

2) Open the Generate FarSite Data Files form (FFP menu bar->Weather->Hourly Data
Analysis->FarSite Exports, fig. 3-34).
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Generate Farsite Data Files 5[

Select FarSite File Types

[ “Weather File (TR - FarSite Yersion 3]
Location: I Bl

W Weather File W TR - FarSite Yersion 4]

Location: II::"\arcfuels'\Dutputs'\mtemily_weather.wtr ek
v wind Fil= Pa/MD]
Location: IE:'\arcfuels'ﬁuutputs'ﬁmtemeil_l,l_winu:l.wnu:l rr
0k, Cancel

Fig

3)

[ File ‘Window Options Help =12] x|

ure 3-34—Generating FarSite Data Files form.

a) Select the Weather File (WTR-FarSite Version) option. Click the >>> button to navigate
to the outputs folder in the ArcFuels directory and save the WTR file as
“mtemily weather.”

b) Select the Wind File (WND) option. Click the >>> button to navigate to the outputs folder
in the ArcFuels directory and save the WND file as “mtemily wind.”

c) Click OK to create the files.

Look at the WND file (fig. 3-35). This file contains wind speed and direction and cloud cover
percent for every hour in the month of August. Specifically the headers are:

Month Day Hour Speed Direction Cloud Cover

FireFamily Plus - [C:% archu - | I:Ilil

WS Sllzn| 2]z=%]* (e

000 00 00 000000 0D 0D 00 00 o0 oD T
F R R RRRRRRRRR®R

00 304 0 1EJ
100 3 287

zo0 1 323
200 1 278
400 1 302
500 Z 290
£00 0O 205
700 1 149
200 2 160
s00 z 157
1000 3 142 ©
1100 2 93 0
1200 2 146 O
1200 7 181 O

[ VT e T o T ol i
Lo T R e T T Y e e

Figure 3-35—The WND file created in FFP for use with FARSITE and FlamMap.
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4) Look at the WTR file (fig. 3-36). This file contains minimum and maximum temperature and

relative humidity, precipitation amount and duration for each day in the month of August.

Specifically the headers are:

Month Day Precip Hrl Hr2 Templ Temp2 RH1 RH2 Elev rtl

FireFamily Plus - [C:%arc =10 x|

[ File ‘Window Options Help 12| x|

W& Slwl=n] ===z % ==

Lex S [ e VR ) B OO O I N B o

o

10
11
12
13
14
1k
1e

00 00 00 00 0D 00 0D 00 00 O 00 00 00 00 00 OO

400 1400 51 87 42 13 4000 |
LS00 1500 55 20 51 22 4000

400 1300 54 2F 54 18 4000

400 le0dd 5z 23Z 46 9 4000

400 1400 55 33 48 11 4000

100 1200 &3 35 48 14 4000

LEOO 1E00 &4 2% 50 15 4000

2200 1200 &4 22 50 le 4000

LS00 1500 53 33 41 9 4000

400 1400 53 23 44 13 4000

OO 1300 BE5 21 44 10 4000

Lo leno 52 96 36 11 4000

S00 1400 53 35 41 11 4000

400 1200 &0 233 35 13 4000

Lo 100 &2 287 B2 23 4000

Loo 1&E0o0 57 9Z &1 14 4000 .:J

Lo O o e R s I e o o R o B

Lo O o Y o Y e o O e o

Figure 3-36—The WTR file created in FFP for use with FARSITE and FlamMap.

a)
b)
c)
d)
e)
f)
9)
h)
i)
)

Precip is the daily rain amount specified in hundredths of an inch.

Hrl is the hour for the minimum temperature.

Hr2 is the hour for the maximum temperature.

Temp1 is the minimum temperature in degrees Fahrenheit.

Temp2 is the maximum temperature in degrees Fahrenheit.

RH1 is the maximum relative humidity in percent.

RH2 is the minimum relative humidity in percent.

Elev is the elevation of the RAWS station in feet.

rtl is the beginning of the rain event, only recorded of Precip is greater than 0.

rtl is the end of the rain event, only recorded of Precip is greater than 0.

5) Close FFP.
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Downloading recent WND and WTR files from NWS—

Another option available for obtaining WND and WTR files is to download them from the
National Weather Service (NWS) Fire Weather webpage. WND and WTR files are created for
any point by interactively clicking on a map. The files produced are for the past week starting
from the time you request the data.

1) Go to the National Weather Service (NWS) Fire Weather webpage (fig. 3-37):
http://www.srh.noaa.gov/ridge2/fire/

National Weather Service

Fire Weather

NWS Home NWS Offices Search for:

EXPERIMENTAL... EXPERIMENTAL... EXPERIMENTAL... EXPERIMENTAL... EXPERIMENTAL... EXPERIMENTAL.., EXPI

Fire Weather News

+ Current Hazards * The 2011 National Weather Service Fire Weather Report is available hera

+ Fire Situation . - .
« Click here 1o learn more about this site’s capabilities. Information about this experimental product can be found |

+ Forecasts comments or suggestions forimprovements using the glectronic survey provided

+ Current Conditions
+ Dutiooks Chick desired location on map for forecast and additional information of [ RESERE G IE.
< “ - NT '
+ Drought/Precip " A U | map | Sateiite | Terrain |
+ Fuels « <& > LORE e e )
+ Air Quality \‘_f/ e A Canada Hudson
: G o 3 Bay
+ Admin Al %
+GACCs - 5 ot AR s
B S
+ Other Agencies AR.8ch . = -
A ;}‘, .
= > ON o
wll SR AT ==
n "#'.J;M?' Gl of. 51
o EiT Lawrpnce
AT - s o
r —
5 W 2 T Mg nuy =
NY T
:J e “,.q ™ " é’r\,‘
ol Y Ll
N . ‘ o S N Nof
3 vy oK _an M P e e
AR, = Nu MO Atla
. METAAYE 35 ' Ocel
™’ E o8
Gutal LA
Catdornia .
S Guf ol
IMexico Mexico
™
© Guatemala Canoboan
& Sea
Nicaragua
Fire Weather Watch ) NVenezuela
Hazardous Weather Outiook e el (R
Gogle hgpme ™ S | !
VA€ 5000 km Map data £2012 Googlesthe&dr. 1 Uil '

Figure 3-37— National Weather Service (NWS) Fire Weather webpage.
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2) Zoom into north eastern Oregon and click on the map near the Mt. Emily project area which
is just north of La Grande (fig. 3-38).

Click desired location on map for forecast and additional information or m m
i m Sat lite _
Umatllla Natlonal Forest OR

PreseweYouerewP_e_r_mal!n or Bookmark ".' ) "'i‘" P b

Point Forecast Information...

mm AERE L =Tl BN
pPErRY womoe § T k] | s ees d e & g
e oz f ) Lo pe —t Bs
) paom oo '_'_:;.' —— I BASE B e | 25 -
(=3 ) PORrong 1 - b —— -
/ ) Eire _Qu Hourly mm_t_a_ Lt bulaf
! ! Weather Graph  Tabular

v Additional Info (opens in nexd andow)...

= PDT Fire WX Page - WY B¢ aer - Full Fire Wx Fcst

hland *FARSITE: WTR - WHD

f *Max's/Min's for 1st period of WTR are from the
current time, on

Reguest Spot Forecast - MesoWest Obs. (50 mile:AR.

Figure 3-38—Pop-up window for the clicked on location on the map and the link to the WTR
and WND files highlighted.

If you click on a slightly different location you will get the weather for that location.
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3) Click on the WTR link to the right of FARSITE in the pop-up window (see fig. 3-38). This
will open a new browser window with the WTR data for the past week (fig. 3-39).

&% htkps ) P, srh,noaa,govridgez [Fire  FARSITE fwkr

09 20 00 2300 1500 50 79 30 14 4704
0921 000500 1500 41 80 30 13 4704
0922000500 1500398235124704
09 23 00 0600 1500 49 77 31 13 4704
09 24 00 0600 1500 51 74 36 20 4704
09 2500 0600 1500 507241 26 4704
09 26 00 0600 1400 49 71 48 25 4704

Figure 3-39—WTR data for the past week from the NWS.

a) To use this data in FlamMap it needs to be saved as a *.txt file (Internet Explorer main
menu->File->Save As) then be converted to a *witr file. Navigate to and save the file as
“mtemily weather nws” as a text file (*.txt) in the outputs folder of the ArcFuels
directory (fig. 3-40).

2| x|
Save in: I&}Dutputs O ZF B

Diezkto Ju]

L

My Documents

™

by Computer

File name: Imtemil_l,l_weather_nws j Save I
Save as type: ITe:-:t File [ txt] j Cancel |
Encading: ILIniu:u:n:Ie (UTF-8) j

Figure 3-40—Saving the data as a text file.
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b) Open the outputs folder in the ArcFuels directory. Find the mtemily weather_nws.txt file
right-click on the file and select Rename from the menu that opens. Change the txt
extension to “wtr.” A warning window will open, click OK to close the window and
change the extension (fig. 3-41).

x4

"'_-, If wou change a file name extension, the file may become unusable.

Are wou sure you wank ko change it?

Yes Mo

Figure 3-41—File extension rename warning window.

4) Click on the WND link to the right of FARSITE in the pop-up window (see fig. 3-38). This
will open a new browser window with the WND data for the past week (fig. 3-42).

&% htkps ) v, srh, noaa,govridaez [Fire [FARSITE fwnd,

091913002 2008
0919140033208
0919150033208
09191600 3 320 8
091917003 290 2
0919 1800 3 290 2
09191900 3 290 2
091920005102

Figure 3-42—WND data for the past week from the NWS.

a) To use this data in FlamMap it needs to be saved as a *.txt file then be converted to a
*wnd file. Follow the steps outlined for the WTR file but name the file
“mtemily wind nws” and change the txt extension “wnd.”

5) Close Internet Explorer.
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4. FlamMap 5

This section is meant to be a brief introduction FlamMap 5. There are many functions within
FlamMap 5 that will not be discussed. The purpose is to have the user gain a foundation of
FlamMap 5 skills for use with ArcFuels10. For more thorough tutorials download the program
and help file from the FlamMap 5 website (http://www.firemodels.org/index.php/national-
systems/flammap).

Program Overview

FlamMap 5 (Finney 2006) is a spatially explicit landscape fire behavior mapping and modeling
system that describes potential fire behavior with a constant fire environment (static weather and
fuel moisture). The fact that the fire environment is held constant makes FlamMap 5 the ideal
tool for landscape-level fire behavior 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 affects.

FlamMap 5 has two methods of modeling potential fire behavior: basic fire behavior, and
minimum travel time (MTT, Finney 2002). In the first type of simulation, basic fire behavior is
calculated by independently burning each pixel on the landscape. Primary modeled outputs
include rate of spread, flame length, fireline intensity, and crown fire activity. In the second type
of simulation, discrete wildfire(s) are simulated using the two-dimensional MTT fire growth
algorithm. MTT calculations assume independence of fire behavior among neighboring cells but
are dependent on the ignition locations, resolution of calculations, and simulation time. The MTT
algorithm replicates fire growth by Huygens’ principle where 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). Specifically, a
rectangular lattice of a defined resolution (preferable 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, wind speed, 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, burn probability, flame length probability, plus ignition
location and resulting fire perimeters are available.

Both basic fire behavior and MTT calculations are derived from the same lineage of systems that
model one-dimensional behavior as part of a spreading line fire (Albini 1976, Anderson et al.
1982, Rothermel 1972, 1991, Van Wagner 1977, 1993). For more detailed information about the
calculations see the FlamMap 5 help guide supplied with the program.

In addition to the fire behavior outputs, FlamMap 5 also has the Treatment Optimization Model
(TOM, Finney 2007). TOM utilizes MTT fire behavior calculations, predetermined fire ignition
(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 post-
treatment conditions, with treatments occurring wherever they are possible (not just desired).
TOM then simulates fire across both landscapes and places treatment block (user defined size) in
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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 FlamMap 5 (Cruz and Alexander
2010). Having an understanding of these limitations is important before using any model.

Input data—

FlamMap 5 requires a landscape (LCP) file, wind speed and wind direction information, and a
fuel moisture file (FMS) to run. Additional optional files include a custom fuel model file
(FMD), wind vector files (direction and speed), and weather (WTR) and wind (WND) files for
fuel moisture conditioning.

Landscape File (LCP)

The LCP is a binary file that contains spatially explicit information about the topography and
fuel characteristics of a landscape (fig. 4-1). The LCP is comprised of five layers at a minimum
(elevation, slope, aspect, fuel model, and canopy cover) and ideally eight (addition of canopy
base height, canopy height, and canopy bulk density), 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 FlamMap 5, but this will not be discussed,
rather see the ArcFuels10 Tutorial to learn how to build the LCP using ArcFuels10.

Canopy cover
Canopy height

7, Canopy base height
Canopy bulk density

Figure 4-1—FlamMap 5 LCP file adapted from Finney 2006.
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Wind speed and wind direction

Wind speed and wind direction will be dependent on the fire scenario desired. Winds can either
blow uphill or downhill (based on the input topographic themes in the LCP) or from a set
direction (i.e. out of the south west). Wind speed can be selected using a program such as
FireFamily Plus to characterize a given percentile condition, or can be determined using expert
opinion. FlamMap 5 can also create wind vectors using WindNinja (Forthofer et al. 2009,
available at: http://www.firemodels.org/index.php/research-systems/windninja) or if already obtained,
wind direction and speed ASCII files can be used.

Fuel moisture file (FMS)

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
(fig. 4-2). The FMS file can now be created in FlamMap 5.

[ New FM5 il [m o
Ol %8a e
N4563060 =
I 4563060
9345E30E0
93456 30E0
101 456 3060
102456 30E0

121 456 30E0
1224563060

Figure 4-2—Example FMS file.

Custom fuel model file (FMD)

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 (fig. 4-3).

&I ASHLEY FMD - Notepad =
Fil= Edit Fomat Help

EMNGLISH
1% FM19 2,25 1.50 3.71 0.00 1.00 static 2000 1800 1500 0.60 25 8000, 00 S000,00 Between § & 10
21 FMZ21 2.00 0.00 0,00 0.00 0.50 static 3000 1800 1500 1.00 14 S000.00 8000, 00 Light green grass

Figure 4-3—Example FMD file.
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Wind (WND) and weather (WTR) files

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 wind speed, 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.

For more information about the WND and WTR files please see section 3. Fire
Climate/Weather Data & FireFamily Plus in this document.

FlamMap interface—

Main FlamMap screen

FlamMap 5 can be opened from within ArcFuels10, or directly from your computer if you have
downloaded and installed the program. From the ArcFuels10 toolbar, click on Wildfire Models,
then select FlamMap from the drop-down list. This will open the FlamMap 5 interface (fig. 4-4).

The left pane is called the “tree” pane, and the right is the “display” pane (fig. 4-8). 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.

[ FlamMap 5 - [FlamMap1) =101 x}
[ Fle Theme AnslysisAres View Options Window Help =181 x|
D@ &+ = QAL [Z BR[| T o o At 515 2 ioens 05 2 200 |

= .
7 No Landscape Fie

“Tree pane” “Display pane”

Ready

Figure 4-4—FlamMap 5 interface.
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FlamMap runs form

The Inputs tab (fig. 4-5) is where a run can be named, the fuel moisture files are loaded, the
wind information is input, canopy characteristics are defined, and fuel moisture settings are
defined. A fuel moisture file must be loaded to run FlamMap 5. 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, downhill, from a defined direction, or from wind
vectors with a user defined speed. If the LCP does not have information about the canopy height,
canopy base height, and/or canopy bulk density, a single constant value for the entire landscape
can be defined under the Canopy Characteristics heading. It is recommended that spatially
explicit information characterizing these canopy characteristics is used for more accurate crown
fire behavior modeling. In addition, foliar moisture (water content of conifer foliage) is set in this
section. For more information about foliar moisture content in North American conifers, see
Keyes 2006. 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.

Run:vewrun x|

Inpits | Fire Behavior Dutputsl Minimum Travel Timel Treatment Optimization Modell

Rur M ame: |New Fun

— Fuel Moisture Files

Fuel Maisture File [* fmz]: | _ﬂ

[ Use Custarn Fuels [* fd) | _ﬂ
—Wind:

& dind Direction “Wind Speed [MPH (= 20°; ﬁ

 wiind Blowing Uphil Azimuth [Degrees): I‘IBD =

7 wiind Blowing Diovnhil

' Generate Wind Vectors

wind Hinja [ ptions |
" ind Vector Files
Direction _l
Speed _I

— Canopy Characteristics
Height[m]: |1 5 3: Canopy Bulk Density(K.a/m3): IU-2 3:

Canopy Base Height{m): |5 3: Foliar Moisture Content [2]: I‘IDD 3:

— Fuel Maisture Setting
& |se Fized Fuel Moistures from Fuel Maisture File

" Llze Fusl Maoisture Conditioning

Wwieather File ["wir): _Iﬂ
Wwind File [ wnd): 4
Fuel Moisture Conditioning Period
Day Time
Sttt [ 7717 N =
Erd [7A7 I I EEE =

ak. I Cancel | Apply I Help

|Need Fueal Maisture File |N0 outputs selectad |N0 existing aukputs

Figure 4-5—Inputs tab for a FlamMap 5 run.
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The Fire Behavior Outputs tab (fig. 4-6) 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 number of processors your computer has. The Crown
Fire Calculation Method can be set based on Finney (1998) methods which are identical to
FARSITE, or Scott/Reinhardt (2001) methods. When 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, should be doubled. The other differences
have to do with how active and passive crown fire spread is modeled. 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/Reinhardt (2001)
method. The Output Grids and Non-Fixed Fuel Moisture Outputs are the optional outputs
available. The Non-Fixed Fuel Moisture Outputs are only created when fuel moisture
conditioning is completed with WND and WTR files. The outputs are summarized in tables 4-1
and 4-2. The other Options control the spread direction for calculating the fire behavior
characteristics.

Run:Newkun x|
Inputs ~ Fire Behavior Outputs I Mirimurn Travel Time I Treatment Optirization Modell
Processor Usage—————— - Memony/Disk Usage
- % Create outputs in memary [fazter)
Mumber of Processors: |2 3 ’7 @ s el ]
r— Output Grid
[ Fireling Inkensity [ Spread Vectars
[ Rate of Spread [ Max Spot Wectors
™ Flame Length [ Max Spot [Combined)
[ Heat / Unit &rea [ Max Spot Direction
[ Midflame Windspeed I~ Max Spot Distance
[~ Crown Fire Activity ™ Haorizontal Movemert Fate
—Mon-Fixed Fuel Moigture Dutputs Crown Fire Calculation Method
™ Solar Radiation & Finney [1999]
™" Thi Fuel Moisture " Scott/Reinhardt (2001)

I 1 0hr Fuel Moisture
[~ 100hr Fuel Moisture
I™ 1000hr Fuel Moisturs

Select Al Remawe Al

— Options
& Relative Spread Direction From b asimum
¢ Spread Direction From Morth [&zimuth]

Degress: m

Launch Easic FE | 0K I Cancel | Apply I Help |

|Need Fuel Moisture File |N0 oukputs selected |N0 existing outputs

Figure 4-6—Fire Behavior Outputs tab for a FlamMap 5 run.
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Table 4-1—Basic fire behavior output grids from FlamMap 5.

Output grid

Possible units

Description

Fireline intensity
Rate of spread

Flame length
Heat/unit area
Midflame windspeed
Crown fire activity
Spread vectors

Max spot vectors
Max spot (combined)
Max spot direction

Max spot distance
Horizontal movement

kW/m, BTU/ft/sec
m/min, ft/min, chains/hr
m, ft

kd/m?, BTU/ft*

k/hr, mph

categorical

n/a

n/a

class

deg

m, ft
m/min, ft/min, chains/hr

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 speed of the wind measured at the midpoint of the
flames

Fire type: 0=no fire; 1= surface fire; 2=passive crown
fire; 3=active crown fire

A combination of the maximum spread direction and
rate of spread grids displayed as an arrow

A combination of the maximum spread direction and
rate of spread grids displayed as an arrow for spot
fires

Direction of the maximum spotting distance
Distance of the maximum spotting range

The rate of spread (slope basis) transformed to a
horizontal projection

Table 4-2—Non-fixed fuel moisture outputs from FlamMap 5.

Output grid Possible units Description

Solar radiation W/m?* The amount of sunlight exposed to the fuels

1-hr fuel moisture fraction Moisture content of 1-hr timelag fuels (fuels with
diameter <% in including the litter layer)

10-hr fuel moisture fraction Moisture content of 10-hr timelag fuels (fuels with
diameter > % in but < 1in)

100-hr fuel moisture fraction Moisture content of 100-hr timelag fuels (fuels with
diameter > 1 in but <3in)

1000-hr fuel moisture fraction Moisture content of 1000-hr timelag fuels (fuels with

diameter >3in)
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The Minimum Travel Time tab (fig. 4-7) is used to calculate the MTT fire behavior outputs.
Available outputs will vary depending on the type of ignition used; a set ignition (created within
FlamMap 5, or in ArcMap and loaded) versus random ignitions, or those from a fire list file.
When a set ignition is used, outputs available for selection are: rate of spread, influence, arrival
time, fire intensity, and ignition grids, as well as flow paths, major paths, and arrival time
contours (table 4-3). When random ignitions or ignitions from a fire list file are used, a burn
probability grid, flame length probability (FLP) file, fire size list, and fire perimeters are created
(table 4-3).

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 chooses 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 FlamMap 5 outputs the major paths.

This is also where the spotting probability is set for any calculations that involve MTT. This
includes the Treatment Optimization Model which is described below.

Run:Nemrun X

Inputs I Fire Behavior Outputs  Mimimum Travel Time | Treatment O ptimization Model I

— lgnitian:
% From File Load|/Current Shape | Elean T [gritions |
" Random lHumber of Randam Ignitions: | 100 "
" From Fire List Fils Clear Fire List File |

— Input:
Resolution of calculations(distance]: |3U 3:

M awimum Simulation Time [minutes, 0 = Unlimited, per lgnition]: |50

Irtereal for Minimum Travel Paths [clistanc:e]:|5DD 3:

Spot F'robability:lﬂ.‘lﬂ 3:
Lateral Search Depth: IE 3:
Wertical Search Depth: |4 3:
— Barriers
File:l |
v Fill Barriers [Clear Barriers |
— Output:
[T Rateof Spread Grid [ Flow Pathe ™ Burn Probatifities
[~ Influence Grid [~ Major Paths ™ Ferimeters
™ furival Time Grid I™ Anival Time Contowr 1= FLF - £ Bin English
I™ Fire Intensity Map I™ lanition Grid = FLP - 20 Bir bl etric
I” | Fire Size List
Selectall | Removedl |

Launch MTT | 0K I Cancel | Apply I Help |

|Inputs oK |1.'-" outputs selected |Existing oukputs up to date

Figure 4-7—Minimum Travel Time tab for a FlamMap 5 run.
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Table 4-3—Minimum travel time outputs.

Output

Possible units

Description

Rate of spread grid
Influence grid
Arrival time grid
Fire intensity map

Flow paths
Major paths

Arrival time contour

Ignition grid
Burn probability
Perimeters

FLP 6 bin English

FLP 20 bin metric

Fire size list

m/min, ft/min, chains/hr

n/a

min

kW/m, BTU/ft/sec

n/a
n/a

n/a

n/a

fraction

n/a

n/a

n/a

n/a

Spread rate of the fire as it encountered each node
along the minimum travel time path

Logarithm of the number of nodes burning as a result
of burning through that particular node

The elapsed time when the fire arrived at each node —
fire progression

Fireline intensity of each node burned by the fire as it
follows the minimum travel time path

Minimum travel time pathways among all nodes

Flow paths identified at the user-specified interval for
MTT flow

Contour representation of the MTT Avrrival Time grid
(default contour interval is the maximum value of the
MTT Arrival Time grid divided by 10)

Grid file of the ignition points, lines or areas used in
the MTT run.

Fraction of the number of fires that encountered each
node

Shapefile of final fire perimeter from random or fire
size list file ignitions

Text file that contains information about burn
probability and fire intensity for each point for 6 fire
intensity levels (FIL1-FIL5 are 2 ft increments and
FIL6 >12 ft)

Text file that contains information about burn
probability and fire intensity for each point for 20 0.5
m fire intensity levels

Text file with information about the location of each
ignition and the final fire size (in acres)
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The Treatment Optimization Model tab (fig. 4-8) is used to determine the optimal fuel
treatment pattern to slow the forward progression of fire using existing conditions and ideal
landscape for a defined fire ignition. Inputs include: a fire ignition (created in FlamMap 5 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 indicated the ideal landscape
has a slower rate of spread, and a 0 is no difference), and the treatment grid (a 0/1 grid
identifying where TOM suggests treatments). In addition, the same outputs as the MTT (table 4-
3) calculations are available for a fixed ignition.

Run:Newhun x|

Iriputs | Fire: Behavior Dutput&l Minimum Trawvel Time  Treatment Optimization Model |

 InpLts
Load Current | gritions |

Igrition File:; I
Ratation Direction for node lattice [degrees]:l1 a0 3:
Fesolution of calculations[distance];l an 3:

|deal Landzcape: |

b airum Treatrent Dimension [m): ISDEI 3:
Iterationg /A Treatment Lewvel (1 - 5): |1 3:

Treatrent Fraction (portion of landscape that can be treated]ig_1 0 3:

— Outputs
™ Treatment Opportunities Grid

[ Treatment Grid
Optianal Treatment Outputs
[~ Rateof Spread Grid [ Flow Paths

[ Influence Grid [ Major Paths
[ Amival Time Grid [~ Amival Time Contour
[ Fire Intensity Map

Select &l | Remove Al
Launch | QK | Cancel | Apply | Help |
|Need Fuel Moisture File |ND outputs selected |Nc- existing oukputs

Figure 4-8—Treatment Optimization Model tab for a FlamMap 5 run.
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Tutorial

In this tutorial we will cover some of the basics within FlamMap 5. As mentioned before, this is
not an all-inclusive tutorial. It is highly recommended that you complete the tutorial provided
with the FlamMap 5 program to learn all the functionality within the program. All of the
exercises will use the landscape file If_notreat.lcp (C:\arcfuels\outputs if you have competed the
ArcFuels10 Tutorial exercises or C:\arcfuels\exercise_outputs\3_Landscape). Each exercise will
build upon the last one, so it is recommended to do them all in order.

Loading and critiquing a LCP file—
1) Open FlamMap5 (ArcFuelsl10 toolbar->Wildfire Models->FlamMap, fig. 4-9).

™ FlamMap 5 - [FlamMap1] o ] [
File Theme Analysis frea  Wiew Options  ‘Window  Help - 18] x|

DEE|E |+ =aa ®d k|2 MM| 2| A s [315 =] nensiy 05 =] 4ol |

EREY FlamMap 1
‘7 Mo Landscape File

Ready 4

Figure 4-9—New FlamMap run window.

2) Double-click ? No Landscape File in the tree pane and navigate to the If_notreatment.lcp
file (C:\arcfuels\outputs if you have competed the ArcFuels10 Tutorial exercises or
C:\arcfuels\exercise_outputs\Tutorial).

a) Notice there are now more sections in the tree pane (fig. 4-10). The Themes section
includes all the layers within the loaded LCP file. FlamMap 5 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. To change the active theme,
click on the magnifying glass or name of the theme to display.
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E" FlamMap 5 - [FlamMap1 - If_notreatment.lcp] - |EI|1|
File Theme Analysis Area Yiew Options “Window Help - 5] x|

DS E += AKDL 2|58 | T | Aokl shading Aciruth [715 =] Inersiy: [05 =] _ el |
B #* FlamMap1 i
0 Ciiarcfuelsiexercise_oukpuksi Tukorialilf
mo Auxiliary Themes
&-- #+ Analysis Areas
E'iﬁ + Entire Landscape {Default)
=+ Themes
-0+ Elewation
aT ¥ Slope
i)+ Aspeck
@ + Fuel Model
q + Canopy Cover
13, + Stand Height
-0+ Canopy Base Height
Q)+ Canopy Bulk Density

4| | s

Ready |Entire Landscape (Default) |Fuel Model v

Figure 4-10—No treatment alternative LCP loaded with the fuel model theme displayed.

3) To create a text file critique of the LCP, click the green TXT button on the FlamMap toolbar
(fig. 4-10). The text file includes information about the extent and resolution of the LCP, the
themes present with their units and ranges, a distribution of each theme, and fuel model
specific distributions of the remaining themes (fig. 4-11).
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FlamMap Landscape File Criticue
Landscape File: C:h\arcfuels'\exercise outputs)Tutoriall lf notreatment.lcy
Latitude: 45
Cell Resolution X: 30.00 Cell Resolution ¥: 30.00
MNum Cells East: 365 Num Cells North: 543
UTHM North: 5050937.730421
OTHM South: 5025647.730421
UTHM East: 418836.544335
UTH West: 407856.544335

Themes present

Theme Units Rance
Elevation Heters 8258 — 1561
Slope Degrees 0o - 58
Lazpect Degrees 0o - 359
Fuel Class 91 - 188
Canopy Cover Fercent 0o - 85
Stand Height Meter=s+*10 o - 375
Ea=ze Height Meter=+10 o - 100
Bulk Denszity ko/m*3*100 o - 45

Elewvation distribution

Elevation Frequency Fercent rrerall Percent
g528 - 931 44457 14.56 14,46
o931 - 1034 27764 o.08 2.0z
1034 - 1137 28643 Q.37 9.31
1137 - 1241 35296 11.55 11.47
1241 - 1544 35543 11.63 11.55
1344 - 1447 35877 11.74 11.66
1447 - 1551 41554 13.60 13.50
1551 - 1554 32473 10.62 10.55
1654 - 1757 20961 6.586 6.51
1757 - 1561 3045 1.00 o.99

MNo Data 2049 o.a7 o.a7

Figure 4-11—Text file LCP critique.
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4) To create a PDF critique of the LCP, click the green PDF button on the FlamMap toolbar
(fig. 4-10). The PDF includes information about the extent and resolution of the LCP, the
themes present with their units and ranges, histograms of the themes comprising the LCP,
maps of each theme with a legend, and histograms of the remaining themes for each fuel
model (fig. 4-12).

FlamMap Landscape File Critique

Landscape File: Carcfuels\exercise _outputs\Tutonalli_noreatment bcp

Latitwde: 45

Cell Resolution X: 30.00 Cell Resolution ¥ 30.00

Mum Cells East 365 Mum Cells Morth: B43

UTM North: 50509377304 UTM East 413330.8443

UTM Saouth: 5025047 7304 UTH West: 407335.8443
Themes Present

Themse Units Range

Elewation Meters 828 - 1861

Slope Degress 0-58

Aspect Degress 0- 358

Fuels Class 91- 188

Canopy Cover Percent 0-85

Stand Height Meters"10 0-37s

Canopy Base Height Meters"10 0- 100

Canopy Bulk Density kgim™3"100 0-45
Theame Walus Mistribotinne

Elwvadian Skapr Puagrinag

W BER G T e R 1 ARSI T T N TR TR TR TR

L ES Deqrees

Figure 4-12— PDF LCP critique.
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Changing the display and/or units of a theme and saving a theme—

Changing the display and/or units of a theme is useful for better understanding your data. This is

most useful after completing a FlamMap 5 run. Saving the individual themes is necessary for
further mapping and analysis in ArcGIS. As with changing the display and units, this is more

important for fire modeled outputs than the input LCP file themes.

To change the display of the fuel model theme right-click on the Fuel Model theme, and then
select Properties from the menu. The Create/Modify Legend window will open (fig. 4-13).

Create /Modify Legend x|

- [Fuel Madel
V=TS I Herone [ata Range

itz IEIass j Decimal Places: IEI 'I .
Wariable Type————— . )
|7 % Continuous Soale Mumber of Claszes: |4E E Apply | .

" Unigue Yalues

Color B amp:

| o] e |

Predefined Legend:

| Standard 40 REEET

Yalue Zolar | Frequency (Exack Makc, ., & | Ingert Class |
Mo Data 00 Append Elassl
91 a (o
az nim Delete Class |
= R« L
5 I -
101 oo
102 oo
103 o {0y
104 oo
105 oo
106 oo
a7 0o =
4| | _’l_l
] Canicel Save bz | Help |

Figure 4-13—Create/Modify Legend window for the fuel model theme.

Theme: this is the theme you are changing.
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Units: the available units are listed in the drop-down list. Because the theme is the fuel model,
the only choice is Class.

Decimal Places: this is the number of decimal places used to categorize and display the data.

Number of Classes: you can choose the number of classes you would like your data to be
displayed in.

Variable Type: this will depend on the data type; most will be Continuous Scale.
Color Ramp: all the options are shown in the drop-down list.

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 FlamMap 5 help 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.

1) Change the display to the supplied fuel model legend.
a) Predefined Legend: select Standard 40 from the drop-down list, then click Apply.

b) Click OK to close the form and apply the changes.

You must click Apply for the changes to take effect.

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.

2) To change the units and number of classes of the canopy base height theme, right-click on
the Canopy Base Height theme, and then select Properties from the menu. The
Create/Modify Legend window will open (fig. 4-14).
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Create /Modify Legend X|

Therme: IEanDp_l,l Baze Height

[ata Range
Uriitz: IFeet j Decimal Places: I'I *I 0
* Continuous Scale Number of Classes: |1 0 j Iﬂl 328

|"»-’ariable Type

" Unigue Yalues

Color B amp:

[ =] Aoub |

Predefined Legend:

| | Apply |

Walue Color | Frequency (Exact Matc.., Ingert Class |
Mo Daka 0o

3.6 285715 (0) Ml
7.3 18005 (0) Delete Clazs |
10.9

14.6 Ml
15.2

21.9

253.5

29.2

32,8

] | Caricel Save bz | Help |

Figure 4-14—Changing the units and class number for canopy base height.
a) Units: select Feet from the drop-down list.
b) Number of Classes: type “10” in the text box. Then click Apply to apply the change.
c) Click OK to close the form and apply the changes.

3) To save the canopy base height theme with the new units, right-click on the Canopy Base
Height theme, and then select Save As from the new menu.

a) Navigate to the outputs folder in the ArcFuels directory, and save the file as an ASCII file
named “cbh_ft” (fig. 4-15). File type options include: ASCII, BMP, JPEG, GIF, TIFF,
PNG). The default is an ASCII file that can be easily converted to a grid using
ArcFuels10.
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savens 2 x|

Save in: I@Dutputs j = £F E-

File narne: Iu:l:uh_fli j Save
=

|
Cancel |

Save as ype: Iﬁ'«scii Grid Files [*.azc]

Figure 4-15—Saving a theme for further use in ArcMap.

It is highly recommended to save your individual theme outputs after completing runs in

FlamMap5. You can also save your FlamMap session but it does not always reopen. Any time
changes are made to input file paths or file names FlamMap cannot reopen old runs.
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Creating a FMS file in FlamMap5—

To create a FMS using FlamMap5, the live and dead fuel moisture content tables from Scott and
Burgan (2005) will be used to set the values (table 4-4). The FMS file assigns initial live and
dead fuel moisture values by fuel model. The moistures are the same for each fuel model

regardless of the location on the landscape.

Table 4-4—L ive and dead fuel moisture content (percent) adapted from Table 3 and Table

4 in Scott and Burgan (2005).

Parameter Very Low Low Moderate High
1-hr (%) 3 6 9 12
10-hr (%) 4 7 10 13
100-hr (%) 5 8 11 14
Woody (%) 30 60 90 120
Herbaceous (%) 60 90 120 150

1) To create a new run, double-click Runs in the tree pane. This will add a New Run theme to
the Runs section in the tree pane. The FlamMap 5 Runs form consists of four tabs: Inputs,
Fire Behavior Outputs, Minimum Travel Time, and Treatment Optimization. See the
FlamMap run interface section above for more detail about each of the tabs.

2) Go to the Inputs tab, and click the red and yellow plus button to the right of Fuel Moisture

file (*.fms) (fig. 4-16).

Inputs I Fire Behavior Du{puts] Minimum Travel Time] Treatment Optimiza. v Modell

Run Name: New Run

x|

— Fuel Moisture Files
Fuel Moisture File (% fms): [

[™ Use Custom Fuels (*fmd) |

|4\
|

Figure 4-16—Location of the button to create a new FMS file.

3) The Set Default Fuel Moistures form will open (fig. 4-17). Set the fuel moisture values to

the Very Low values from table 4-4.
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Set Default Fuel Moistures x|

1 Hour FM: 3 Z
=
10 Howr FM: 4 _:I
100 Hour Fr; I 3 _I?
Herbaceous FIM: a0 _:I
Live Wioody FM: &l =

o |

i1
ol
=]
(m]
o

Figure 4-17—Set Default Fuel Moistures form set for the Very Low fuel moisture scenario.

a) Click OK to create the FMS file (fig. 4-18). The created FMS file will be specific to the

loaded LCP, only including entries for the fuel models present.

_{of x|

D@E%aqa e

03453060 -
913453060
933453060
933453060
1013453060
1023453060
1213453060
12234530860
14234530860
1613453060
1623453060
1633453060
16534530860
1813453060
18234530860
1833453060
1843453060
18534530860
1863453060 sy
1883453060 ;I

Figure 4-17—FMS file and arrow indicating where the “Save As” button is located.

b) Click the “Save As” or double disk button to save and load the new FMS file, and save
the file as “If_notreatment_very dry” in the outputs folder of the ArcFuels directory.

c) Close the FMS file.
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Dead fuel moisture conditioning in FlamMap5—

Dead fuel moisture conditioning results in more realistic fire behavior outputs because fuel
moistures are calculated based on weather, topography, and shading for each pixel in the
landscape. This creates geographic variation across the landscape. The FMS file is used to define
the initial fuel moistures (FMS) as a starting point. Fuel moisture conditioning only affects dead
fuels, it does not affect the live herbaceous or live woody fuel moistures; those remain
unchanged across the landscape and are the same as defined in the FMS for each fuel model.
Fuel moisture conditioning uses WND and WTR files where all the WTR information is used,
and only the cloud cover is used from the WND file. Cloud cover along with canopy cover (from
the LCP) is used to calculate shading.

If FFP is used to create the WND file, the cloud cover percent is O if there was no rain, and

100 if there was rain. If there was no rain but clouds were present, try to include estimates of
cloud cover.

1) With the previous run open, name the run “15:00 Conditioning” in the text box to the right of
Run Name (fig. 4-18).

RuniNewRun x|

Inputs | Fire Behavior Dutputsl tirirnam Travel Timel Treatment O ptirization Mu:u:lell

Run Mame:  [15:00 Conditioning

Figure 4-18—Run Name box.
2) Select the Use Fuel Moisture Conditioning option on the Inputs tab (fig. 4-19).

- Fuel Moisture Settings
(" Use Fixed Fuel Moistures from Fuel Moisture File

(% Use Fuel Moisture Conditioning
Weather File ("t} |C:\arcfuels\outputs\mtemily_weather_nws.wtr .. I ZI ;
Wind File (*.wnd}: IC:\arcfueIs\outputs\mtemily_wind_nws.wnd | ﬂ

r Fuel Moisture Conditioning Period )

Day Time
Stat | g/21 M EC L=
End | 9/23 >l |1s00PM ==

Figure 4-19—Fuel moisture setting portion of the Inputs tab of a FlamMap5 run.

a) Navigate to and add the WND and WTR files downloaded from the NWS webpage.
These are located in the outputs folder if you completed the Downloading recent WND
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and WTR files from NWS exercise. Or, they are located in the optional download
exercise outputs folder (C:\arcfuels\exercise_outputs\Supplemental\Weather).

3) Click the pencil icon to the right of the Weather File (see the orange arrow in fig. 4-18) to
open the WTR file (fig. 4-20). The pencil icon is available for the FMS, WND, and WTR
files; and is used to open, view, and edit these files. Looking at the file, there appears to be a
sln%ht cooling trend (lower temperatures and higher relative humidity) starting on September

. For the conditioning period, September 20 — 23 will be used to capture the hotter drier
perlod

=10l x|

JJIJJJJ

09200023001500 53 81 26105193 =
03 21 00 07001500 50 82 34 10 5199

03 22 00 0800 1500 43 80 44 10 5139

03 2300 07001500 43 77 33105139

03 24 00 07001600 50 74 4617 5139

03 2500 0700 1600 45 63 50 23 5139

039 26 00 0700 1600 47 70 4313 5139 ll

Figure 4-20—The WTR file.
a) Close the WTR file to return to the Inputs tab.
4) Set the Fuel Moisture Conditioning Period (see fig. 4-19).

a) Start Day: select 9/21 from the drop-down list. Do not worry if the year on the calendar is
incorrect.

b) End Day: select 9/23 from the drop-down list.

c) Start and End Time: using the arrows, set the time to 15:00 PM. The FlamMap default is
to set the time to the current hour. For example, if you are start a run at 9:25 in the
morning, the modeled start and end times would both be automatically set to 09:00 AM.

d) Click Apply to apply these settings.
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5) Select the Fire Behavior Outputs tab (fig. 4-21).

Run:NewRun x|
lrputz  Fire Behawior Dutputs I Miririurn Travel Time I Treatment Optimization Modell
Processor Usage————— - Memony/Disk Usage
- % Create outputs in memary [fazter)
Murmber of Processars: |2 E ’7 € Lse Hard Drive [ -
r— Output Grid
[ Fireline Intensity N Spread Vectors
[ Rate of Spread [ Max Spot Wectors
™ Flame Length [ Max Spot [Combined)
™ Heat / Urit Area [ Max Spot Direction
[ Midflame Windspeed I~ Max Spot Distance
[~ Craown Fire Activity [~ Harizontal Movement Rate
~Mon-Fized Fuel Moisture Outputs Crovin Fire Calculation Method
™ Solar Radiation & Finney [1999]
I 1hi Fuel Moisture " Scott/Reinhardt (2001)

Iv 1 0hr Fuel Moisture
[v 100hr Fuel Moisture
I™ 1000hr Fuel Moisturs

Select Al Remawe Al

— Options
' Relative Spread Direction From Masimum
¢ Spread Direction From Morth [&zimuth]

Degress: m

Launch Basic FB | 0K I Cancel | Apply I Help |

|In|:uts Ok |N0 oukputs selected |N0 existing outputs

Figure 4-21—Fire Behavior Outputs tab setup to output fuel moistures.
a) Leave the defaults for the Processor Usage and Memory/Disk Usage sections.

b) Under the Non-Fixed Fuel Moisture Outputs section select: 1hr Fuel Moisture, 10hr Fuel
Moisture, and 100hr Fuel Moisture.

c) Click Apply, then click Launch Basic FB.

d) A FlamMap progress meter window will open once the run has started, and it will let you
know when the execution is complete (fig. 4-22). Click Ok to close the meter.
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FlamMap Progress... x|

Execution complete, Run kime: 6,968 seconds

Figure 4-22— FlamMap progress meter window stating the execution is complete.

e) Click OK to close the Run form and return to the main FlamMap window.

If Launch Basic FB is not available the FMS is most likely missing, return to the Inputs tab

and load If_notreatment_very dry.fms.

6) Under the Runs section, expand the 15:00 Conditioning run in the tree pane (fig. 4-23).
Display the 1hr Fuel Moisture theme, and open the legend (double-click in the theme name).
Notice the units are fractions rather than percentage, so a 0.03 fraction is 3% moisture.
Remember the 1hr fuel moisture in the FMS file was 3% across the board, which is
represented by orange in figure 4-23. Look at the map and think about why the fuel moistures
changed where they did. Look at different themes from the LCP if that helps. Is it possible to
have fuel moisture of 0? Hint: take a look at the fuel model layer. Look at the 10-hr and 100-
hr fuel moistures themes as well.
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f* FlamMap 5 - [FlamMap1 - If_notreatment.lcp] -0 x|

(=] File Theme Analysis Area  View Optinns Window Help =151x]
|J I Relief Shading faimuth: [715 =] Intensity [15 =] 4pely |
B * FlamMap1 e TR L
- # Charcfuelsiexercise_oukpuksi Tukarialif f - e 2D 0 ':- ]
E ¢ Auxiliary Themes ; : 1hr Fuel Moisture |
g-- # Analysis Areas _ =
EIMQ Entire Landscape (Default) Units: IFractan jv
= # Themes Ho Data
-+ Elevation 0.00 -
@ * Slope 0o -
q + Aspect ooz -
-+ Fuel Model 0.03
i) % ZAN0pY Cover 0.04
@, * Stand Height 0.05
10, *+ Canopy Base Height 0.06 -
-+ Canopy Bulk Density 0.07 -
= # Runs 0.08 -
B D 15:00 Conditioning 0.09 -
B R L Fuel Maisture 0.10 |
Q + 10kt Fusl Maisture
Q + 100hr Fuel Maisture
‘| | »fid il
Reeady |Entire Landscape {Default) |1hr Fuel Moisture 2

Figure 4-23—O0ne-hour fuel moisture values after conditioning for 15:00 PM.

7) To better understand how the start and ending times affect fuel moisture, you are going to
repeat the run for 06:00 AM. In FlamMap5 you can copy an existing run to use the prior
settings as a starting point. You will be doing this for a run that will be named “06:00
Conditioning.” Right-click on the 15:00 Conditioning run, and select Copy from the menu.
This will open a new Run form (fig. 4-24).
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Run : Copy of 15:00 Conditioning |

Inputs | Fire Behavior Outputs | Minimum Travel Time | Treatment Optimization Modell

RunName: |08 00 Condiioning
r— Fuel Moisture Files

Fuel Maisture File [* frz): |C:\arcfuels...\If_notreatment_very_dry.Fm _Iﬂ

[ Use Custom Fuels [*.frd) | _Iﬂ
—Wfind.

% wind Direction “wind Speed (MPH (@ 207 ﬁ

" dind Blowing Uphill Azimuth [Degrees]: I‘IED

€ wdind Blowing Crownhil
" Generate Wind Vectors

witd Minja O ptions |
 Wind Vector Files
Direction I _I
Speed I _I
— Canopy Characteristics
Height{m]: |1 5 3: Canopy Bulk DensityK.a/m3): ID.2 3:
Canopy Base Height(m): |5 3: Foliar Moisture Contert [%]: (100

— Fuel Moisture Setting
" Use Fired Fuel Moistures from Fuel Moisture File

@ |lze Fuel Maisture Conditioning
Wwieather File [*wir):
‘wiind File [*.whnd):

C:harcfuelzhoutputshmtemily_weather_rwswtr |ﬂ
C:harcfuelshoutputsimbenily_wind_nws.wid |ﬂ

Fuel Moisture Conditioning Period

Dray Time
Start | 9/21 =
End | /23 =l |os00am =

0k, I Cancel | Apply I Help |

|Inputs Ok |3 oukputs selected |N0 existing oukputs

Figure 4-24—Inputs tab for the 06:00 fuel moisture conditioning run.

a) Run Name: type “06:00 Conditioning” in the text box.

b) Fuel Moisture Conditioning Period Time: type “06:00 AM” in the Start and End boxes.

c) Leave everything else the same and click Apply.

8) Select the Fire Behavior Outputs tab (see fig. 4-21). Ensure the 1hr Fuel Moisture, 10hr
Fuel Moisture, and 100hr Fuel Moisture options are selected, then click Launch Basic FB.

a) Click Ok to close the FlamMap Progress.... window.

b) Click OK to close the Run form and return to the main FlamMap window.
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9) Under the Runs section, expand the 06:00 Conditioning run in the tree pane (fig. 4-25).

Display the 1hr Fuel Moisture theme, and open the legend if you closed it. All of the values
are greater than 10%. Look at the 10-hr and 100-hr fuel moistures themes as well.

E"‘ FlamMap 5 - [FlamMap1 - If_notreatment.lcp]

File Theme Analysis Area  MWiew Options ‘Window Help

=10l x|
=1=] x|

IR R EEEE

FlamMap1
A CiharcFuelshexercise_outputs| TukarialIf_nokre
- # Auxiliary Themes
- # Analysis Areas
Elm + Entire Landscape {Default)
g+ Themes
-3, * Elevation
-, + Slope
-G+ Aspect
Fuel Model
Canopy Cover
Stand Height
Canopy Base Height
Canopy Bulk Density

2| & 7

&1 15:00 Conditioning
q + 1hr Fuel Moisture
@+ 10hr Fuel Maisture
i@, *+ 100hr Fuel Moisture
8- [ 06:00 Conditioning
i L 1 hr Fuel Moisture
: @+ 10hr Fuel Maisture
i@ * 100Rr Fuel Maisture

Kl |

Ready

| T Pelif Shading gzimut: [316 = Intensiye [05 =] Apply |

FlamMap1 Leg

Thr Fuel Moisture

|

Lnits: IFraction vl

Mo Data
0.oo
0o
0oz
003
0.04
005
0.06
0.o7
0.og
003
0o

[Ertire Landscape (Default)

[thr Fuel Maisture

Figure 4-25—O0ne-hour fuel moisture values after conditioning for 06:00 AM.

a) Close the legend.
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Modeling basic fire behavior outputs with and without wind vectors—

This exercise will teach you how to model basic fire behavior outputs. Two runs will be
completed: one with, and one without wind vectors.

FlamMap5 now incorporates the WindNinja (Forthofer et al. 2009) program. WindNinja is a
program that computes spatially varying wind for wildland fire modeling. WindNinja needs
elevation and dominant vegetation data, and initial wind speed and direction. Within FlamMap5
the LCP supplies the elevation data, and WindNinja uses the canopy and fuels information in the
landscape file to infer the vegetation drag information required. The initial wind speed and
direction are also inputs for FlamMap5 and are used by WindNinja. For more information about
WindNinja, and to download it, visit the WindNinja website:
http://www.firemodels.org/index.php/research-systems/windninja.

You will build upon the last exercise, and will use the 15:00 Conditioning run as a starting point.
If you have not completed the last exercise, do so how.

1) Right-click on the 15:00 Conditioning run, and select Copy from the menu. This will open a

new Run form (fig. 4-26).

Run : Copy of 15:00 Conditioning 1[

Inputs | Fire Behavior Dutputs I Minimum Travel Time I Treatment Optimization Model I

Run Mame: IWind Minja

r— Fuel Moisture Files
Fuel Moisture File [*.fms): |E:\arcfuels...\If_notreatment_very_dry.fm |ﬂ

[ Use Custom Fuels [*frnd)] I |ﬂ
—finds

" Wind Direction Wind Speed (MPH @& 200: |19 3:

" wind Blawing Uphil Azimuth [Degrees): '225 3:

" wind Blowing Downhil
% Generate Wind Vectors

“wind Minja Options I
" wind Vector Files
Direction _I
Speed _I
— Canopy Characteristic:
Height{m]: |15 3: Canopy Bulk Density[k.g/m3]: ID.Z 3:

Canopy Base Height{m]: |5 3: Foliar Moisture Content [2]: I‘IDD 3:

— Fuel Moizture Setting
= Use Fixed Fuel Maistures from Fusl Moisture File

' lse Fuel Maisture Conditioning

Wieather File [".wir): C:harcfuelshoutputshmtenily_weather_rwswtr
‘wind File [*.vwnd]: C:harcfuelshoutputsmtenily_wind_rws wnd
Fuel Moisture Conditioning Period
Day Time:
Start | /21 N =
End [ 9/23 I [ =

kK I Cancel | Apply | Help |

|In|:uts oK |3 oukputs selected |No existing outputs

Figure 4-26—Inputs tab for the WindNinja run.
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a) Run Name: type “WindNinja” in the text box.

b) Fuel Moisture File: verify If _notreatment very dry.fms is still loaded.

c) Use Custom Fuels (*fmd): do not select this option.

d) Wind Speed (MPH @20°): type “19” in the text box. This is the maximum wind observed
during the wind analysis exercises in the 3. Fire Climate/Weather Data & FireFamily
Plus section.

e) Azimuth (Degrees): type “225” in the text box. This is the dominant wind direction
observed during the WRCC wind analysis exercise in the 3. Fire Climate/Weather Data
& FireFamily Plus section.

f) Select the Generate Wind Vectors option, then click Wind Ninja Options (fig. 4-27).

wind Ninja Options x|
Resolution: I &0 3: Rows: I 422 Columns: I 183
Murmber of YWind Minja cells: I TIZE6

Warning! Running Wind Minja with greater than 100,000 cells may cause
Qut of Memory conditions on 32 bit syskems.

Running Wind Minja with greater than 1,000,000 cells

on 64 bit systems requires a very lang time. . |

—Diurnal Settings
[ Use Diurnal Simulation

Air Temnp (F): 75 =i

Cloud Cover (% 0 - 100): 20 =

Longitude (-150.0 - 180.0): |-114.DDDD _|;

Time Zone: I -7 Mauntain j

Calculation Date/Time

Use Conditoning Petiod End |

B | az0 | e |na:19 AM =
|

Figure 4-27—Wind Ninja Options window.

i) Resolution: type “60” in the text box. Choose a resolution that is a multiple of the
input pixel size (30m for most data). The finer the resolution the longer the run will
take.

ii) Diurnal Settings: do not select this option. For detailed information about the Diurnal
Settings in WindNinja refer to the program’s tutorials.

iii) Click OK to save the settings and return to the Run form.
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g) Foliar Moisture Content (%): leave the default 100% value.

h) Select the Use Fuel Moisture Conditioning option, verify the WND and WTR files are
loaded, and the Fuel Moisture Conditioning Period is from 9/21 15:00 PM to 9/23 15:00

PM.

i) Click Apply.
2) Select the Fire Behavior Outputs tab (fig. 4-28).
x|

Inputz  Fire Behavior Dutputs I Minimum Travel Time I Treatment O ptimization Modell

—Proceszzor Uzgage————— 1 Memon/Dizk Usage
Number of Processars: m ’7 ? Create outpqts i memory [faster]
Use Hard Diive [zlower)
— Output Grid:
¥ Fireling Intensity V¥ Spread Vectors
¥ Rate of Spread v Max Spot Yectors
¥ Flame Length ¥ Max Spot (Combined)
¥ Heat / Urit Area v Max Spot Direction
[ Midflame Windspesd ' Max Spot Distance
V¥ Crown Fire Activity v H
—Mon-Fixed Fuel Moizture Outputs Crown Fire Calculation kMethod
[ Solar Radistion © Firney [19989)
™ 1hr Fuel Maisture & Scott/Reinhard: [2001]

[~ 10k Fuel Maisture
I~ 100kr Fuel Moisture
I 1000hr Fuel Moisture

Select Al Remawve Al

— Optionz
% Relative Spread Direction From b asimum
" Spread Direction Fram Markh [Azimuth)

Degrees: m

Launch B azic FB | 0k, | Cancel | Apply I Help |

|Inputs Ok |12 oukputs selected |N0 existing oukputs

Figure 4-28—Fire Behavior Outputs tab setup to output rate of spread, flame length, crown fire
activity and spread vectors.

a) Leave the defaults for the Processor Usage and Memory/Disk Usage sections.
b) Output Grids: select all of the fire behavior outputs.
c) Non-Fixed Fuel Moisture Outputs: do not select any of these options.

d) Crown Fire Calculations Method: select the Scott/Reinhardt (2001) option.
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e) Click Apply, then click Launch Basic FB.
f) Click Ok to close the FlamMap Progress.... window after the execution is complete.
g) Click OK to close the Run form and return to the main FlamMap window.

3) Under the Runs section, expand the WindNinja run in the tree pane (fig. 4-29). Display the
Rate of Spread theme, and open the legend (double-click on the theme name). Turn off the
Wind Vectors and Max Spot Vectors themes (double-click on the theme name). The Spread
Vectors are the purple arrows and blue green Xs. The length of the arrow indicates the spread
speed; longer arrows indicate faster fire spread. Look at the other themes.

E" FlamMap 5 - [FlamMap1 - If_notreatment.lcp] - |EI|5|

File Theme Analysis Area  View Options  Window  Help _|ﬁ||5|

DEHE| &+ =&ML 2B || Relsf Shadng deimuth: [715 = Intensiy: 05 =] 4ol |
@ + Aspect ;I m A

- @+ Fuel Model
| Rate of Spread I

(0 * Canopy Cover
Units: IEhainSa’Hr VI

- @+ Stand Height
Mo Data

- @+ Canopy Base Height

i beq@ e Canopy Bulk Density
&-+ Runs

&-[ 15:00 Conditioning

@+ 1hr Fuel Maisture
@+ 10hr Fuel Moisture
@+ 100hr Fuel Moisture
2-[1 06:00 Conditioning

@+ 1hr Fuel Maisture
@, + 10k Fuel Moisture
@+ 100hr Fuel Maisture:
-0 Wind Kinja

-+ Wind Vectors

off * Spread Vectors
-+ Max Spok Veckors
@, + Flame Length

@ * Rate of Spread

-0y, * Fire Line Intensity
@, + HeatjUnit Area
-+ Crown Fire Ackiviby
@+ Midflame Windspeed
@, + Horizonkal Movemnent Rate
@+ Max Spread Direction
@, + Eliiptical Dimension a
@ + Elliptical Dimension b
@, + Elliptical Dimension c
@+ MAKSPOT (Combined)
0y + MARSPOT Dirgction
i, * MARSPOT Distance
@+ Wind Direction

@+ Wind Speed v
o o

Rieady [Entire Landscape (Default)  |Rate of Spread

Figure 4-29—Rate of spread with wind vectors from a basic fire behavior run using WindNinja.

If the Wind Vectors are hard to see you can change the display properties by right-clicking on

the theme and selecting Properties from the menu.
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10) To better understand how WindNinja affect wind flow patterns and fire behavior, a second
run will be completed without wind vectors. Right-click on the Wind Ninja run, and select
Copy from the menu. This will open a new Run form (see fig. 4-26). Make the changes
specified below.

a) Run Name: type “Set Winds” in the text box.
b) Select the Wind Direction option.

c) Click Apply.

11) Select the Fire Behavior Outputs tab (see fig. 4-28). Verify the same options are selected.

a) Click Apply, then click Launch Basic FB.
b) Click Ok to close the FlamMap Progress.... window after the execution is complete.
c) Click OK to close the Run form and return to the main FlamMap window.

12) Under the Runs section, expand the Set Winds run in the tree pane (fig. 4-30). Display the
Rate of Spread theme, and open the legend (double-click on the theme name). Turn off the
Max Spot Vectors theme (double-click on the theme name).
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7 FlamMap 5 - [FlamMap1 - If_notreatment.lcp] o ]

File Theme Analysis Area  Wiew Options  Window  Help 121 x|

DM &= M ’E W Bq P | R J I Relief Shading Azimuth: Iﬂ Intensiy Iﬂ Aol |
% + Spread Yectors ;I o ;

-+ Max Spok Vectors
@ + Flame Length | Rate of Spread I
@, + Rate of Spread -
@, + Fire Line Intensity Units: IEhamS”l—ll 3
@+ HeatjUnit Area No Data
gy + Zrown Fire Activity
@+ Midflame Windspeed
@+ Horizonkal Movement Rate
@+ Max Spread Direction
@, + Elliptical Dimension a
@, + Elliptical Dimension b
@ + Elliptical Dimensian
@+ MAXSPOT (Combined)
o+ MAXSPOT Direction
iy + MARSPOT Distance
@, + Wind Direction
@+ Wind Speed
-0 Set Winds
o * Spread Wectors
-+ Max Spok Vectors
@+ Flame Length
@+ Rate of Spread
@, *+ Fire Line Intensity
@, + HeatjUnit Area
gy + Zrown Fire Activity
@ + Midflame Windspeed
@+ Horizonkal Movemnent Rate
@+ Max Spread Direction
@, + Elliptical Dimension a
@, + Elliptical Dimension b
@ + Elliptical Dimensian
@+ MAXSPOT (Combined)
o+ MAXSPOT Direction

Q + MAKXSPOT Distance | 7

" - ol

Rieady [Ertire Landscape (Default)  [Rate of Spread o

iy
=

Figure 4-30—Rate of spread with wind vectors from a basic fire behavior run using set winds.
a) Close the legend.

13) Turn off any vector themes from the run (i.e. Spread Vectors), and display the Fuel Model
theme.

How is rate of spread affected? What about the spread vectors? The changes are not drastic, but
the rate of spread is faster with the set windspeeds. To see the differences it is helpful to click the
Rate of Spread theme under each run to toggle back and forth between the two outputs.
Similarly, the Spread Vectors can be turned on and off, or both can be turned on.

The default modeled fire behavior units are metric (i.e. m, kW/m). If you would like to save the

themes in English units (i.e. ft, mph), you must change the units before you save the theme.
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Running minimum travel time (MTT) for a single ignition—

This exercise will teach you how to model minimum travel time (MTT) outputs for a single
ignition. This exercise will demonstrate how to create an ignition in FlamMap 5, and how to use
it for the MTT run.

You will build upon the last exercise, and will use the Wind Ninja run as a starting point. If you
have not completed the last exercise, do so now.

1) Select the drip torch button on the FlamMap5 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. It is activated when you mouse over the
map and see a drip torch.

a) 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.

b) Two successive left-clicks with the mouse followed by a right-click will create a single
line.

c) Three or more left-clicks followed by a right-click will create an area ignition, connecting
the points with a line, and then connecting the first and last click location.

2) Play around a bit making various types of ignitions (fig. 4-30).

E" FlamMap 5 - [FlamMap1 - If_notreatment.lcp] - |EI|1|
File Theme Analysis Area Wiew Options Window Help _|ﬁ||1|

=" | = | + - | Q Q @] % ’?| .| ? J ™ Relief Shading Azimuth: |315 ﬁ Intensity: IU.5 ﬁ Apply |
=-+ FlamMap1 . o
+ Charcfuelsi\exercise_outputs Tutorialllf
E;0 Auxiliary Themes
=+ Analysis Areas
Elm + Entire Landscape (Default)
=+ Themes
L@+ Elevation

@, + Slope

@+ Aspect

+ Fuel Model

@, + Canopy Cover

+ Stand Height

+ Canopy Base Height
Q, + Canopy Bulk Density

(=5 *

&[0 15:00 Conditioning
&~ 06:00 Conditioning
-0 wind Ninja

[ Set winds

Figure 4-30—Ignitions created in FlamMap5 with the drip torch tool.
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3) Clear all the ignitions you just created (FlamMap5 menu->Options->Shape-> Clear).

4) Create a single line ignition in the southwest quadrant of the landscape. After you are
finished, turn off the drip torch tool by selecting the arrow tool.

5) Right-click on the Wind Ninja run, and select Copy from the menu. This will open a new
Run form (fig. 4-31).

Run : Copy of Wind Ninja ﬂ

Inputs | Fire Behavior Dutputsl Minirnurm Trawvel Tirnel Treatment Optimization Modell

Fun Mame: |MTT Single |anitior]
— Fuel Moisture Files

Fuel Maisture File [ fms): |C:\arcfuels...\If_notreatment_very_dry.fm ﬂ

[~ Use Custam Fuels [* frd) | ﬂ
= find;

" wind Direction *ind Speed (MPH @ 207 I‘I 3 3:

€ wiind Blowing Uphil Azimuth [Degrees): |225 3:

" wind Blowing Downhil

& Generate Wind Yectors

wind Minja O ptions |
" wind Vector Files
Directian _I
Speed _I
— Canopy Characteristics
Height{r]: |1 5 3: Caropy Bulk DensityK.g/m3]: ID.2 Eﬁ

Canopy Base Height{m]: |5 3: Foliar Moisture Contert [%]: I‘IDD 3:

— Fuel Moisture Setting:
" Use Fized Fuel Moistures from Fuel Maisture File

& |ze Fuel Maoisture Conditioning

‘wieather File [“wtr]: IC:\arcfuels\outputs\mtemily_weather_nws.wtr |ﬂ
“wiind File [7.wnd): IC:\arcfuels\outputs\mtemily_wind_nws.wnd |ﬂ

Fuel Moigture Conditioning Period

Day Time
Stat | 9/21 I T =
End [ g/23 T

0K I Cancel | Apply I Help

|In|:uts OF |12 outputs selected |N0 existing outputs

Figure 4-31—MTT Single Ignition inputs.
a) Run Name: type “MTT Single Run” in the text box.

b) Verify the remaining settings were kept.
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6) Select the Fire Behavior Outputs tab (see fig. 4-32).
x|

lrputz  Fire Behawior Dutputs I Miririurn Travel Time I Treatment Optimization Modell

Processor Usage————— - Memony/Disk Usage
s o e |B - ’7 % Create outpqts in memory (faster)
= " lse Hard Drive [slower)
r— Output Grid
[ Fireline Intensity N Spread Vectors
[ Rate of Spread [ Max Spot Wectors
™ Flame Length [ Max Spot [Combined)
™ Heat / Urit Area [ Max Spot Direction
I~ Midflame windspeed " Max Spat Distance
[~ Craown Fire Activity [~ Harizontal Movement Rate
~Mon-Fized Fuel Moisture Outputs Crovin Fire Calculation Method
™ Solar Radiation € Finney [1998]
™" 1hi Fuel Moisture &+ Scott/Reinhardt (2001)

I 1 0hr Fuel Moisture
™ 100hr Fuel Moisture
I™ 1000hr Fuel Moisturs

Select Al CHemave Al

— Options
' Relative Spread Direction From Masimum
¢ Spread Direction From Morth [&zimuth]

Degress: m

Launch Basic FE | 0K | Cancel | Apply I Help |

|In|:uts OF |12 outputs selected |N0 existing outputs

Figure 4-32—MTT single ignition fire behavior outputs options.
a) Click Remove All.
b) Verify the remaining settings were kept.

c) Click Apply.
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7) Select the Minimum Travel Time tab (fig. 4-33).
x|

It I Fire Behavior Outputs  Minimum Travel Time I Treatment Optimization Modell

— |gnition
% From File Load Current Shape | Clear MTT Ignitions I
IC:'\arc:fuels\outputs\SW_ignition.shp |

¢ Random Wrnter of Fandanm | gnitions: |1 oo 3:

" Frarn Fire List File: Clear Fire List Filz |

e Resolution of calculations[distance]:lﬂ
aximum Simulation Time [minutes, 0 = Unlimited, per Ignition]:lﬂ
Interval for Minimum Travel Paths [distance]:lﬂ

Spot Probahilit}l:m

Lateral Search Depth:

IB 3:
Yertical S earch Depth: |4 3:
-

— Barriers
File: I

¥ Fill Barriers [Elear Barriers |

— Output
¥ Rateof Spread Grid v Flow Paths = Burn Probatilities
¥ Influence Grid ¥ Major Paths = Ferimeters
v Arival Time Grid ¥ Anival Time Contowr [ FLP - B Bin English
¥ Fire Inkensity M ap v Igrition Grid = ELR- 20 Biry Metric:

I~ | Fire Size List

Select Al | Remaowve All |

Launch MTT | 0K I Cancel | Apply I Help |

|In|:uts OF |8 outputs selected |Existing outpuks up to date

Figure 4-33—MTT single ignition MTT options.

a) Under Ignitions, select the From File option, and then click Load Current Shape. You
will be prompted to save the file; save it as “SW_ignition” in the outputs folder of the

ArcFuels directory (fig. 4-44).
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saveas 21|
Save in: Il'f)outputs j - £ B

Deskiop
Wy Documents
=
tdy Campuiter
File name: ISW_ignitiorl ﬂ Save I
Save a3 ype: IShape Files [*.shp] j Cancel |

Figure 4-44—Saving the ignition.

b) Resolution of calculations (distance): type “30” in the text box. This defines the
resolution that calculations are completed, and the output resolution. The finer the
resolution, the longer a run will take. The value should be a multiple of the input data
(.i.e. 30, 60, 90, etc.).

c) Maximum Simulation Time (minutes, 0 = Unlimited, per Ignition): type “240” in the text
box to run a 4 hr simulation.

d) Interval for Minimum Travel Paths (distance): keep the default “500” value.

e) Spot Probability: keep the default “0.10” value.

f) Lateral Search Depth: keep the default “6” value.

g) Vertical Search Depth: keep the default “4” value.

h) Under Outputs, click Select All to select all of the available outputs.

i) Click Apply.

J) Click Launch MTT.

k) Click Ok to close the FlamMap Progress.... window after the execution is complete.

I) Click OK to close the Run form and return to the main FlamMap window.
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8) Under the Runs section, expand the MTT Single Ignition run in the tree pane. Zoom into the
fire and display the MTT Major Flow Paths and Minimum Travel Time Ignition over the
MTT Arrival Time (fig. 4-45).

E"‘ FlamMap 5 - [FlamMap1 - If_notreatment.lcp]
File Theme Analysis Area  Miew Options Window Help

=10l x|
=1=] x|

IR R EEEE

2 |Ba B || [ Relef Shading saimuth: [F15 =] Intersiy: [05 =] Ao

q -
q -

-
-
*
*
-
-
n

s
15

Q,
aQ,
Q,
+ Ru
-
w0 06

1

EIO Analysis Areas
E--ﬁ* Entire Landscape {Default)
=-# Themes

Elewvation

Slope

Aspect

Fuel Model

Canopy Cover
Stand Height
Canopy Base Height
Canopy Bulk Density

100 Conditioning
100 Conditioning

Eia---D Wind Minja
w0 et Winds
=[] MTT Single Ignition

+ Wind Yectors

+ MTT Flow Paths

+ MTT Major Paths

+ MTT Arrival Contour
+ Minirunn Trawel Time I
+ Rate of Spread

+ Max Spread Direction
+ Elliptical Dimension a
+ Elliptical Dimension b
+ Elliptical Dimension ¢
+ MAXSPOT (Combined)
+ Wind Direction

+ Wind Speed

+ MTT ROS

+ MTT Arrival Tinme

+ MTT Mode Influence

+ MTT Fireline Intensity

+ MTT Ignition Grid

Ready

| [

s

-

B

[Ertire Landscape (Default)

[MTT Arrival Tme 2

Figure 4-45—MTT fire arrival and major flow paths.

a) Turn on and off all the themes, and explore the outputs.

9) Return to a full screen view (FlamMap5 menu->View->Full View).

10) Clear the ignition you created (FlamMap5 menu->Options—>Shape->Clear).

11) Turn off any vector themes from the run (i.e. Spread Vectors), and display the Fuel Model

theme.
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The MTT major flow paths are a good way to visualize fire spread. Longer lines indicate faster
moving fire. The MTT major flow paths are valuable outputs for comparing the effectiveness of
fuel treatments (fig. 4-46). The paths are a good way to visualize what the fuel treatments do to
the forward progression of fire. Figure 4-46 shows that the treatments that are narrow
(perpendicular) to the fire spread are virtually ineffective at slowing the fire, whereas wider

treatments often stop the fire progression quickly.

; ; 1 Miles(E
el Y N
D Treament units

= No treatment MTT major flowpaths
- Post treatment MTT major flowpaths

Figure 4-46—MTT fire Major Paths for the no treatment alternative (blue), and post-treatment
alternative (red), with the treatment units in gray. This is one way to display how treatment units
affect modeled fire spread. As the flow paths reach the treatment units post-treatment, 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 modeled fire.
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Running minimum travel time (MTT) for a multiple random ignitions—

In this exercise MTT will be used again. But this time, randomly placed ignitions will be used to
create a burn probability map. You will build upon the last exercise, and use the MTT Single
Ignition run as a starting point. If you have not completed the last exercise, please do so now.

1) Right-click on the MTT Single Ignition run, and select Copy from the menu. This will open a

new Run form (fig. 4-47).

Run : Copy of MTT Single Ignition

Inputs | Fire Behawviar Dutputsl Minimum Trawvel Timel Treatment Dptimization Modell

Fun Mame: IMTT R andom
r— Fuel Moisture Files

Fuel Maisture File [* fms): IC:\arcfuels...\If_notreatment_very_dry.fm Iﬂ

€ wiind Blowing Drownhil
&+ Generate Wind Vectors

™ Use Custam Fuels [* frd) | Iﬂ
—Wfind.

7 wiind Direction wind Speed [MPH @ 20': |19 3:

" dind Blowing Uphill Azimuth [Degrees]: I225

Wind Minja O ptiohs |
" wind Vector Files
Direction I _l
Speed I _I
— Canopy Characteristics
Height[m]: |1 5 3: Canopy Bulk Density(Ka/m3): |0.2
Canopy Baze Heightim]: |5 3: Foliar Maisture Contert (%] [100

— Fuel Moisture Setting:

" Use Fired Fuel Moistures from Fuel Moisture File

@ |lze Fuel Maoisture Conditioning

Fuel Moisture Conditioning Period——————————————

Dray Time
Stat [ 5721 i N EETE =
End | /23 =

“wieather File (" wir): C:harcfuelzhoutputshmtemily_weather_rwewtr |ﬂ
wifind File [*.vund)]: Charcuglshoutputsimterniy_wind rwswnd |ﬂ

x|

k. I Cancel | Apply

|In|:uts Ok |8 oukputs selected |N0 existing oukputs

Figure 4-47—MTT Random inputs.

a) Run Name: type “MTT Random” in the text box.

b) Verify the remaining settings were kept.
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2) Select the Fire Behavior Outputs tab (see fig. 4-48).
£

lrputz  Fire Behawior Dutputs I Miririurn Travel Time I Treatment Optimization Modell

Processor Usage————— - Memony/Disk Usage
s o e |B - ’7 % Create outpqts in memory (faster)
= " lse Hard Drive [slower)
r— Output Grid
[ Fireline Intensity N Spread Vectors
[ Rate of Spread [ Max Spot Wectors
™ Flame Length [ Max Spot [Combined)
™ Heat / Urit Area [ Max Spot Direction
I~ Midflame windspeed " Max Spat Distance
[~ Craown Fire Activity [~ Harizontal Movement Rate
~Mon-Fized Fuel Moisture Outputs Crovin Fire Calculation Method
™ Solar Radiation € Finney [1998]
™" 1hi Fuel Moisture &+ Scott/Reinhardt (2001)

I 1 0hr Fuel Moisture
™ 100hr Fuel Moisture
I™ 1000hr Fuel Moisturs

Selct Al | Remave Al |

— Options
' Relative Spread Direction From Masimum
¢ Spread Direction From Morth [&zimuth]

Degress: m

Launch Basic FE | 0K | Cancel | Apply I Help |

|In|:uts OF |8 outputs selected |N0 existing outputs

Figure 4-48—MTT random fire behavior outputs options.
a) Click Remove All.

b) Verify the remaining settings were kept and then click Apply.
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3) Select the Minimum Travel Time tab (fig. 4-49).
x|

It I Fire Behavior Outputs  Minimum Travel Time I Treatment Optimization Modell

— |gnition
£~ From File Load Curent Shape | Clear T aritions I

m lumber of Fandam |gnitions: |1 un] 3:
" Frarn Fire List File: Clear Fire List Filz |

— Inputg
Rezolution of calculations(distance]: ISD 3:

Wairurn Simulation Time [minutes, 0 = Unlmited, per Ignition]:l240 3:
Irterval for Minimum Travel Paths [distance]:|5UU 3:

Spat P[Dbah”it}lilu-1 ] 3:
Lateral Search Depth: IB 3:
Yertical S earch Depth: |4 3:
— Barriers
File:l |

¥ Fill Barriers [Elear Barriers |

— Output

¥ Rate of SpreadGrid W Flow Paths [V Bumn Probabilities

¥ | Irfluence Grid ¥ | W ior Fathis: ¥ Perimaters

¥ | &rival Time Grid ¥ Aival Time Contour. v FLP - B Bin English

¥ | Fire Inkensity bap ¥ | Igriticr Grid [V FLP - 20 Bin Metric

IV Fire Size List
Select Al | Remaowve All |
Launch MTT | 0K | Cancel | Apply I Help |
|In|:uts OF |2 outputs selected |Existing outpuks up to date

Figure 4-49—MTT random ignition MTT options.

a) Under Ignitions, click Clear MTT Ignitions, then select the Random option, and set the
number of ignitions to be “100.”

b) Resolution of calculations (distance): type “30” in the text box.

c) Maximum Simulation Time (minutes, 0 = Unlimited, per Ignition): type “240” in the text
box to run a 4 hour simulation.

d) Interval for Minimum Travel Paths (distance): keep the default “500” value.
e) Spot Probability: keep the default <“0.10” value.

f) Lateral Search Depth: keep the default “6” value.

g) Vertical Search Depth: keep the default “4” value.

h) Under Outputs, click Select All to select all of the available outputs.
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i) Click Apply.

J) Click Launch MTT.

k) Click Ok to close the FlamMap Progress.... window after the execution is complete.
I) Click OK to close the Run form and return to the main FlamMap window.

4) Under the Runs section, expand the MTT Random run in the tree pane (fig. 4-50). Show the
MTT Perimeters over the Burn Probability theme. Change the properties of each to make the
map more informative and easier to see. In figure 4-50 the MTT Perimeters were changed to
black 1 pt lines, and the Burn Probability color ramp was changed to the rainbow option.

E" FlamMap 5 - [FlamMap1 - If_notreatment.lcp] - |EI|5|
Eile Theme Analysis Area  Wiew Options Window Help - |5’|5|

ODEHE S 4= 88", |26 ? | I Reliet Shading szimuth: [315 = Intensity [15 =] Apaly |

* C:'I,arcFueIs'I,exercise_Dutputs'l,TutariaI'l,lF_;I
330 Auxiliary Themes E
=4 Analysis Areas Bum Probability |
Elg-ﬁ + Entire Landscape {Default) ] -
&+ Themes Urits; IFractan "l
@+ Elevation Mo Data
@, + Slope 00120 -
@ * Aspect 0.0240 -
- @, + Fuel Model 0.0360
- @, * Canopy Cover 0.0480
@, + Stand Height 0.0800 -
- @, + Canopy Base Height 0.0720 -
- @+ Canopy Bulk Density 0.0840 -
H-# Runs 0.0960 -
#-[1 15:00 Conditioning 010s0
&[0 06:00 Conditioring 01200 [
BaD Wind Minja
-1 Set Winds
&[0 MTT Single Ignition
- MTT Random
-3¢+ Wind Vectors
R AL TT Perimeters
-@ + Rate of Spread
- + Fire Line Intensity
-@ + Max Spread Direction
~@, + Elliptical Dimension a
@, + Elliptical Dimension b Fl | | _pl
-@ + Elliptical Dirmension c
-Q *+ MARSPOT (Combined)
@ + 'Wind Direction
- @+ Wind Speed
-[@ *+ Burn Probabilicy
[ FLP English
[ FLP Metric
[ FireSizeList =i
Kl o il
Reeady Entire Landscape (Default) |Bl.|rn Probability 2

Figure 4-50—MTT Perimeters
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In addition to the MTT Perimeters output new to FlamMap5 are the ELP English, FLP Metric,
and Fire Size List.

A FLP file is a gridded text file that contains information about burn probability and fire
intensity for each point (fig. 4-51a). The spacing of the points is user defined within FlamMap5.
A metric FLP file contains 20 fire intensity levels (FILs). A FIL is a measure of fire behavior and
is based flame length. Each of the 20 FIL is representative of a 0.5 m increment, so FIL1 is 0-0.5
m, FIL2 is 0.5-1 m, and FIL20 is >9.5 m. An English FLP contains 6 FILs. The FLP file is also
referred to as the conditional burn probability, because it includes information on the intensity of
any point on the landscape, given a fire occurs. The sum value of the FIL categories is 1, where
the value within each FIL is the probability of the fire burning at that intensity (flame length, fig.
4-51b).

A® ***epglmn Shape * | XPos | YPos | PBurn | FIL1 | FIL2 FIL20
¢ G 0i® 0 |Pot 407931 844335 | 505089273042 00052 0.307692 | 0632308 0
&l v 1 Pont | 408021 844335 | 5050892.73042 | 0.0056 | 0| 0928571 0
&idid 2dvd 2:90.-.1 | 408111844335 505089273042| 0.007 | 0| 0942857 0
Saf ki g 3 Port | 408201844335 505089273042 00088 | 0 0 0

& |Point 408291 844335 | 505089273042 00094 0 0978723 0
928919 5 |Pont | 408381 844335 | 505089273042 00108 | 0092533 | 0.753259 0

Figure 4-51—Metric FLP converted to a shapefile (A) and attributes table (B).

A Fire Size List (FSL) is a point text, with information about the location of each ignition and
the final fire size (in acres), for all randomly ignited fires in FlamMap5 (fig. 4-52). The
FIRE_NUM attribute in the FSL shapefile directly correlates the FIRE_NUM attribute in the fire
perimeters file.
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Figure 4-52—Fire Size List converted to a shapefile (A) and attributes table (B) overlaid on

aerial imagery of the Mt. Emily project area.

For more information about how to convert and use the FLP and Fire Size List outputs for

wildfire risk assessments, refer to the ArcFuels10 Tutorial.
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FID | Shape*® | FIRE_HUM XStart YStart FireSize |
» 0 |Point 0| 415072436703 | 5039990.81434 1789.38891
1 |Point 1 41144520774 | 502742563618 | 7876.113381

2 |Point 2| 416185902485 | S045012.82065| 2119645253

3 |Point 3| 412570517519 | S036571.56837 | 5460.238186

4 |Point 4| 413267.834372| S035550.48166| 4895.800034

5 |Point 5| 415538.984214| 503246926812 2920.266689
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Running the Treatment Optimization Model (TOM) in FlamMap 5—

The Treatment Optimization Model (TOM) is an automated approach to the landscape design of
treatments, which relies on the Minimum Travel Time calculations to identify major fire travel
routes and to impede them with fuel treatments. Given a proportion of the landscape that can be
treated, TOM finds the specific treatment areas that reduce fire growth rates the most for the
given treatment amount. TOM is however a computationally intensive process, and runs can take
days. With the right set of parameters however, it is possible to see how the program works with
runs less than an hour.

TOM requires two landscapes: the ideal, and the untreated. The ideal has every possible
treatment implemented on the landscape. The user inputs the two landscapes, and the proportion
of the landscape that can be treated. The primary output is an ASCII file with suggested
treatment locations. TOM does not apply treatments to the suggested area; this must be
completed in another program such as ArcGIS. ArcFuels10 has specific tools created for using
the TOM treatment grid to apply treatments to build the treated LCP for further modeling in
FlamMap.

You will be using the no treatment LCP created in the ArcFuels10 Tutorial Exercise 17, and the
TOM alternative LCP as the ideal treatment LCP created in ArcFuels10 Tutorial Exercise 18.
The TOM alternative LCP treated about 66% of the landscape treating all available lands.

1) In FlamMap5, open a new run window (FlamMap5 menu->File>New, fig. 4-53).

f® FlamMap 5 - [FlamMap1] o ] [
File Theme Analysis Area Wiew Options  “window Help - 58] x|

=y = | = | - | e M ’E| = | | .l s ” [T Felief Shading Azimuth: |315 3: Intensity: ID.E 3: Apply |

EREFlamMap1
i 7 Mo Landscape File

Ready v

Figure 4-53—New FlamMap run window.
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a) Double-click ? No Landscape File in the tree pane, and navigate to the
fvs_alt0_notreatment.Icp file (C:\arcfuels\outputs if you have competed the ArcFuels10
Tutorial exercises or C:\arcfuels\exercise_outputs\Tutorial, fig. 4-54).

™ FlamMap 5 - [FlamMap2 - f¥s_alt0_notreatment.lcp] o m]
File Theme Anakysis frea  Misw  Options  Window  Help _|ﬁ'|i|
DS S 4= &S M & 5P| 2| [ Relief Shading szimuthe [715 =] Intensity [0 =] Apply |
= + FlamMap2 i? § e
PR\ arcFuelstexercise_outputs) LY

33 + Auxiliary Themes ’F: »
- # Analysis Areas

Em + Entire Landscape {D

2 % Themes

-0, * Elevation
-0+ Slope
g, % Aspeck
@ * Fuel Model
el % Canopy Cover
-, + Stand Height
-+ Canopy Gase Hr
@+ Canopy Bulk De

I H

Ready |Entire Landscape (Default) |Fue| Model 4

Figure 4-54—No treatment landscape from FVS data.
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2) To create a new run, double-click Runs in the tree pane, and go to the Input tab of the Run

form (fig. 4-55).
Run:Newrun

Inputs | Fire Behavwiar Dutputsl Minimum Travel Timel Treatment O ptimization Modell

Fun Marme: |TDM

r— Fuel Moisture Files

Fuel Maisture File [* frz): |C:\arcfuels...\If_notreatment_very_dry.Fm _Iﬂ
[ Use Custom Fuels [*.frd) | _Iﬂ
—Wfind.
" wind Direction Wwind Speed MPH @ 20 [13 =]
" dind Blowing Uphill Azimuth [Degrees]: I225 =
€ wdind Blowing Crownhil
% Generate Wind Vectors
Wwind Minja O ptiohs |
 Wind Vector Files
Direction I _I
Speed I _I

— Canopy Characteristics

Height{m]: 15 Canopy Bulk Density(k.g/m3]): ID.2 3:
Canopy Base Height(m): |5 3: Foliar Moisture Contert [%]: (100

— Fuel Moisture Setting
" Use Fired Fuel Moistures from Fuel Moisture File

@ |lze Fuel Maisture Conditioning

“wieather File ["wir); C:harcfuelzhoutputshmtemily_weather_rwswtr |ﬂ

Fuel Moisture Conditioning Period

“wéitnd File [*.wnd]: C:harcfuelshoutputsimbenily_wind_nws.wid |ﬂ

Dray Time
Start | 9/21 =
End | /23 =
0k, I Cancel | Apply I Help |
|Need Fuel Maisture File |N0 oubputs selected |N0 existing oukputs

Figure 4-56—FlamMap 5 Inputs form for the TOM run.

a) Run Name: type “TOM?” in the text box.

b) Fuel Moisture File: navigate to, and add the If_notreatment_very dry.fms file from the
outputs folder of the ArcFuels directory.

c) Use Custom Fuels (*fmd): do not select this option.

d) Wind Speed (MPH @20°): type “19” in the text box.

e) Azimuth (Degrees): type “225” in the text box.

ArcFuels10 Tutorial Supplemental Information

DRAFT

113



f) Select the Generate Wind Vectors option and then click Wind Ninja Options (fig. 4-58).

wind Ninja Options x|
Resolution: IEuIZI 3: Rnws:l 4zz Cnlumns:l 153

Mumber of Wind Minja cells: I Fr2en

Warning! Funning Wind Minja with greater than 100,000 cells may cause
Cuk of Memary conditions on 32 bit systems,

Running Wind Minja with greater than 1,000,000 cells

on B4 hit systems requires a very long bime...|

— Diurnal Settings
[ Use Diurnal Sirulation

&ir Temp (F): 5 =i

Cloud Cowver (%% 0 - 1000 20 —

Longitude {-150.0 - 150.0): |'114-DDUU E

Time Zone: I -7 Mountain j

Calculation Date) Time

Ise Conditoning Period End |

Day: | 220 | time: Jo8i19 Am
e |

Figure 4-58—Wind Ninja Options window.

Lk

1) Resolution: type “60” in the text box. Choose a resolution that is a multiple of the
input pixel size (30m for most data). The finer the resolution, the longer the run will
take.

i) Diurnal Settings: do not select this option. For detailed information about the Diurnal
Settings in WindNinja, refer to the program’s tutorials.

iii) Click OK to save the settings and return to the Run form.
g) Foliar Moisture Content (%): leave the default 100% value.
h) Select the Use Fuel Moisture Conditioning option.

i) Weather File (*wtr): navigate to and add the mtemeily weather_nws.wir file from the
outputs folder of the ArcFuels directory.
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j) Weather File (*wnd): navigate to and add the mtemeily_wind_nws.wnd file from the
outputs folder of the ArcFuels directory.

k) Set the Start Day to 9/21 and the End Day to 9/23. Set the Start Time and End Time to
15:00 PM.

1) Click Apply.

3) Select the Fire Behavior Outputs tab (fig. 4-59).

Run:Newrun x|
Inputz  Fire Behavior Dutputs I Minimum Travel Time I Treatment O ptimization Modell
—Proceszzor Uzgage————— 1 Memon/Dizk Usage
Number of P _ Iﬂ @ [Create outputs in memary [faster)
CleLE (el el = = Use Hard Drive [slower)
— Output Grid:
[~ Fireling Intensity ™ Spread‘Vectors
[ Rate of Spread [ Max Spot Wectors
™ Flame Length [ Max Spot (Combined)
™ Heat / Urit Area [ Max Spot Direction
I™ Midflame Windspesd I™ Max Spot Distance
™ Crown Fire Activity ™ Horizontal Movemert Flate
—Mon-Fixed Fuel Moizture Outputs Crown Fire Calculation kMethod
[ Solar Radistion © Firney [19989)
[~ 1hr Fuel Moisture (O

[~ 10k Fuel Maisture
I~ 100kr Fuel Moisture
I 1000hr Fuel Moisture

Select Al Remawve Al

— Optionz
% Relative Spread Direction From b asimum
" Spread Direction Fram Markh [Azimuth)

Degrees: m

Launch Basic FE | 0k, I Cancel | Apply I Help |

|Inputs Ok |N0 oubputs selected |N0 existing oukputs

Figure 4-59—TOM fire behavior outputs options.
a) Under Crown Fire Calculation Method, select the Scott/Reinhardt (2001) option.
b) The remainder of the options and settings should remain the defaults.

c) Click Apply.
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4) Select the Minimum Travel Time tab (fig. 4-60).
Run:Newrun x|

It I Fire Behavior Outputs  Minimum Travel Time I Treatment Optimization Modell

— |gnition
% From File Load Curent Shape | Clear T aritions I

¢ Random Wrnter of Fandanm | gnitions: |1UU 3:
" Frarn Fire List File: Clear Fire List Filz |

— Inputg
Rezolution of calculations(distance]: ISD 3:

aximum Simulation Time [minutes, 0 = Unlimited, per Ignition]:lD 3:
Irterval for Minimum Travel Paths [distance]:|5UU 3:

Spot Probahilit}l:lq 3:
Lateral Search Depth: IB 3:
Yertical Search Depth: |4 3:
— Barriers
File: =

¥ Fill Barriers [Elear Barriers |

— Output
[~ Rateof SpreadGrid [~ Flow Paths = Burn Probatilities
[ Influence Grid [ Major Paths = Ferimeters
[~ Arival Time Grid [ Anival Time Contowr [~ FLP - B Bin English
[~ Fire Inkensity Map [ Igrition Grid = ELR- 20 Biry Metric:

I~ | Fire Size List

Select Al | Remaowve All |

Laumneh T | 0K I Cancel | Apply I Help |

|In|:uts Ok |N0 oukputs selected |N0 existing outputs

Figure 4-60—Setting the spotting probability on the MTT tab.

a) Spot Probability: type “0” in the text box. Just like the Crown Fire Calculation Method is
set on the Fire Behavior Outputs tab, the Spot Probability is set on the Minimum
Travel Time tab, even if outputs from either tab are not created. Setting the Spot
Probability to zero will speed up the computing time for TOM.

b) Click Apply.
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5) Select the Treatment Optimization tab (fig. 4-61).

Inpuits I Fire: Beharvior Dutputsl Mirimurn Travel Time  Treatment Optimization

x|

odel I

— Inputs

Load Curent Shape |

Ignition File: IE:\alcfuels\outputs\SW’_ignition.shp |

Fesalution of calculations[distance]:l1 an 3:

|deal Landscape: IE:\arcfuels\exercise_outputs\Tut...\f\-'s_alt‘l_tom.lc |

M azimum Treatment Dimension (m) [300

Iterations ¢ Treatment Level (1 -5 |1 33

Treatment Fraction [portion of landscape that can be treated]i 0.2 3:

— Output
¥ Treatment Dpportunities Grid
¥ Treatment Grid
Optional Treatment Output;
I” RateofSpread Grid [ Flow Paths

™ Influence Grid ™ Major Paths
I Arival Time Grid I Ariival Time Contour
I Fire Intensity Map

Select Al | Remave Al

| Launch TORM I 0K | Cancel | Apply

I Help |

|In|:uts OF |2 outputs selected |N0 existing outputs

Figure 4-61—Treatment Optimization Model (TOM) options tab in FlamMap.

a) Ignition File: navigate to and open SW_ignition.shp from the outputs folder in the

ArcFuels directory.

b) Resolution of calculations (distance): type “180” in the text box. This should always be a

multiple of the input data.

c) Ideal Landscape: navigate to and open fvs_altl_tom.lcp (C:\arcfuels\outputs if you have

competed the ArcFuels10 Tutorial exercises or C:\arcfuels\exercise_outputs\Tutorial).
d) Maximum Treatment Dimension (m): keep the default “300” value.

e) Iterations/Treatment Level (1-5): keep the default “1” value.

f) Treatment Fraction (portion of the landscape that can be treated): type “0.20” in the text

box.
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g) Under Outputs select the Treatment Grid and Treatment Opportunities Grid. The
Treatment Grid is a 0/1 grid where 1s indicate treatment is suggested and 0 means it is
not. The Treatment Opportunities Grid is a grid where fire behavior for the two LCPs
(ideal landscape and current conditions) is compared and can be -1, 0, or 1.

h) Click Apply.

i) Click Launch TOM. Now is a great time to take a break... the run can take 30-60 min to
complete.

J) Click Ok to close the FlamMap Progress.... window after the execution is complete.
k) Click OK to close the Run form and return to the main FlamMap window.

6) Under the Runs section, expand the TOM run in the tree pane. Display the TOM Treat
Opportunities theme, and open the legend (fig. 4-62). The TOM Treat Opportunities theme
compares the fire behavior for the two LCPs. If the value is 1, the rate of spread is less in the
ideal landscape. If the value is -1, the rate of spread is greater in the ideal landscape. And
areas with a zero value indicate no difference in the rate of spread between the LCPs. TOM
will only select from the areas where the value is 1.

Why might values of -1 exist? If treatments aggressively open the canopy, then midflame
windspeed could be higher. If treatments result in a flashier fuel model, the rate of spread might
increase. Another possibility is this is a result of the resolution of the calculations. For this
simulation, you used 30m resolution input data, and ran TOM at 180 m. A 180 m x 180 m pixel
contains 36 30 m x 30 m pixels, but only one value is recorded. It’s possible that the average or
the majority of those 36 pixels has slower rates of spread or higher rates of spread than the rest;
that is what would be displayed as the value for the entire 180 m pixel.

HamMap2

.y
* Cllarchusks\exercse outonts! Tutorial\fyvs_aki m'ﬂ . B
* Awiiliary Themes TOM Treat Opportunities |
* Analysis Areas — -
4 he Entire Landscape (Defaut) Ut O =]
= * Themes NoData
Q * Bevabion 1
Q¢ Skpe a .
Q ¢ Aspect 1
Q ¢ Fual Model
Q ¢ Canogry Covme
Q ¢ Sard Heght
Q ¢ Canopy Dase Meght
Q ¢ Canopy Bk Densky
4% Runs
v O ToMm

0 deal Landscape Thomes
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Figure 4-62—The TOM Treatment Opportunities output.
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7) Display the TOM Treatments theme (fig. 4-63). The TOM Treatments theme displays the

suggested treatment locations (value = 1).

} FlamMap2

- 4 Clarcfuelsiexercse_oukputs) Tukorialifvs_alt

B # Auxiliary Themes

B+ Analysis Areas

Em + Entire Landscape {(Default)
& # Themes

-~ + Elewation

-0, + Slope

o * Aspedt

-0+ Fuel Model

Q) * Canopy Cover

@ * Stand Height

-+ Canopy Base Height

-0+ Canopy Bulk Density

#-- # Ideal Landscape Themes
-+ Treatment Ignitions
3¢+ Wind Vectors

@, + Max Spread Direction
-, + Elliptical Dimension a

@, + Ellipkical Dimension b

-, + Elliptical Dimension c

@, + Wind Direction

@+ Wind Speed

-+ TOM Treak Oppartunities

TOM Treatments

4] | I

Figure 4-63—The TOM Treatment output.
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1

8) Close FlamMap5. You are done with the tutorial. Congrats!
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5. Landscape Treatment Designer (LTD)

This section is meant to be a brief introduction to Landscape Treatment Designer (LTD, version
Beta 1.3, Ager et al. 2012). The purpose is to have the user gain basic LTD skills for use with
ArcFuels10. For more thorough tutorials, visit the LTD website (www.arcfuels.org/Itd).

Program Overview

The Landscape Treatment Designer (LTD) program is a multi-criteria 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; and then identifies optimal fuel
treatment locations with respect to the input parameters (fig. 5-1). The input data represent
polygons that are attributed with information about expected fire behavior, and the polygon’s
overall contribution to one or more landscape management objectives. Four types of output files
are generated with each run: (1) a text file containing all the input data with treatment locations
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, and (4) a shapefile with an attribute
table that identifies patch locations and stands selected for treatments.

Polygon shapefile

ID X Y Area Objective(s) Threshold(s) Constraint(s)

1 411712 5028878 120.8 153 1.5 500

2 415511 5035140 15.5 286 3.8 100

l Treatment solution
LTD program Combo
i) [Jo

menyiss = | [ 1, InPatch
=3 : s e _ . 2, DoTreat

e

o
P — T~ Vo | P - v

w'w--] e | Ad et | a-.«--‘ Y
D12 4km 1\—

Figure 5-1—Diagram showing the input data and outputs of the LTD program
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The LTD GUI interface (hereafter LTD) is comprised of six major parts (fig. 5-2): 1) input and
output data, 2) mandatory field mapping, 3) objective function, 4) treatment threshold, 5)
constraints, and 6) options. Each part will be described in detail below.

Figure 5-2—LTD GUI interface
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LTD interface—

Input and output data

Input data are in the form of an ArcGIS shapefile. Once you have loaded a shapefile into LTD
you can see the information from the attributes table using the View Field Information button.

There are four output files associated with a LTD run: 1) text file with all the input data with
treatment locations indicated (_Points), 2) text file summary of input parameters and output
results (_Summary), 3) comma-separated values file summary of input parameters and output
results (_Results), and 4) a shapefile attributed with the output solution (_Polys). The Outputs
Base Name is used to create a single pre-fix name for the above mentioned output files.

Mandatory field mappings

The Mandatory Field Mappings are used in LTD to define the unique units or polygons within
the input shapefile (typically stands), and their spatial location. The Stand ID and X-Y centroids
(X Coordinate and Y Coordinate) must be identified from the loaded shapefile. These auto-
populated fields are pull-down enabled; select the correct field from the shapefile attribute table
for each option.

Objective function

Obijective Functions describe goals of a particular spatial fuel management strategy. Multiple
objective functions with different weights and types can be entered. Objective functions for fuel
management typically include variables that describe the desired location and stand types for
treatments. Example variables include old growth ponderosa pine, distance to road, historic
range of variability (HRV) departure indices, slope position, biomass, and fire behavior. When
multiple objectives are entered, it is important that they are scaled and valued consistently.

The Field Name is the field in the shapefile containing the objective function values which must
be numeric.

When multiple objectives are selected, their values are additive when the Weight is equal to 1.0
for all objectives (i.e., Y Objective; + Objective, + .... + Objective,), and the total value of a stand
is used. However, if the Weight values are different than 1.0, the solution is not as simple. The
objective is multiplied by the weight, and then summed (i.e., > (Objective;*Weight;) +
(Objective,*Weight ,) + .... + (Objective,*Weight,)). For example, if two objectives are used and
their weights are 1.0 and 10.0, respectively, each stand has a value of Objective;*1 +
Objective,*10.

The Type option is only available for aggregated treatment solutions (Aggregate option selected
in the Options part). There are three Types available: Both, Treat, and Non-Treat. When an
objective function variable is assigned a Treat type, the value of the objective is only accrued
when the polygon is selected for treatment. When an objective function variable is assigned a
Non-Treat type, the value of the objective is only accrued when the polygon is not selected for
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treatment, but is within the larger treatment patch. Selection of a stand for treatment is covered in
the next section.

Treatment threshold

Treatment Thresholds are values which must be met in order for a stand to be selected for
treatment. Thresholds are selected from the input shapefile attribute table, and are most often
associated with fire behavior, stand conditions, or topography.

The Field Name is the field in the shapefile containing the objective function values which must
be numeric. Operator functions are included to parameterize the treatment thresholds. The
operators available are less than (<), less than or equal to (<=), greater than (>), and greater than
or equal to (>=). Value is the treatment threshold value which must be numeric. The Min Value,
Max Value, and Step are available when the Enable Iteration and Step Treatments and
Constraints options are selected. The Min Value is the minimum value, the Max Value is the
maximum value for the threshold, and the Step value sets the increment desired. More
information about Enable Iteration, and Step Treatments and Constraints will be provided in the
Options section below.

Constraints

Constraints provide parameters for treatment solutions. Multiple constraints are possible with
minimum and maximum value inputs. Because treatments solutions often include stands with
various constraint values, the Min Value and Max Value constraint are guides, and are often not
met exactly. Area and cost of treatment are two examples of constraints.

The Field Name is the field in the shapefile containing the constraint values which must be
numeric. Min Value is the minimum value, and Max Value is the maximum value for the
constraint. Step is available when the Enable Iteration and Step Treatments and Constraints
options are selected. The Step value sets the increment desired for iterative solutions bounded by
the Min Value and Max Value. More information about Enable Iteration and Step Treatments
and Constraints will be provided in the Options section below.

Options

The Options are available to customize the LTD runs based on the users’ needs. Depending on
the Options selected, additional choices become available (black text) and non-available (gray
text).

Obijective Direction can either be 1- Maximized, or 0 - Minimized. Maximizing direction creates
a solution where the Objective Function is maximized (highest value possible), whereas
minimizing creates a solution where the Objective Function is minimized (smallest value
possible).

Aggregate allows the user to aggregate treatments into spatially explicit patch(s) (checked), or to
allow a non-aggregate non-spatially explicit treatment pattern (unchecked). This is dependent on
the Objective Function, Treatment Thresholds, and Constraints (fig. 5-3).
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| 0, not included

71 1, in patch do not treat “ﬁL'
012 4km" !

M 2. in patch do treat b b

Figure 5-3—Aggregate (A) and non-aggregate (B) treatment solutions.

Treatment Efficiency is a value between 0 and 1, where 1 treats all possible stands. Stands
qualified for treatment based on the thresholds are selected at random when the values is <1. For
example, if the Treatment Efficiency is set to 0.9, only 90% of the stands marked for treatment
will be flagged as needing treatment.

Obijective Sort Order sorts the data in the input shapefile based on the Objective Function
specified in -1 - Ascending,0 - StandID, or 1 — Descending. Stands that meet the treatment
threshold requirements are selected for treatment based on the sorted Objective Function until
the constrains are met (fig. 5-4). For example, when -1 — Ascending is selected, the treatment
solution starts selecting stands that have the lowest values for the Objective Function first. If 1 —
Descending is selected, the treatment solution starts selecting stands that have the highest values
for the Objective Function first. When 0 — StandID is selected, the Objective Function is no
longer taken into account and stands with smaller StandID values are chosen first. The Objective
Sort Order is only available for non-aggregated runs; if the Aggregate check box is selected it
will be grayed out.
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012 4 kmW o

i
Figure 5-4—The objective sort order affects treatment location. Options include ascending (A),
descending (B), and StandID (C).

Check Availability allows the user to only allow treatments in stands which are available for
treatments when checked; if not checked, then all stands are used. Within the shapefile a 0/1
integer field indicates stands available for treatment (1), from stands not available (0).The 0/1
integer field is specified from the input data attribute table with Availability Field drop-down
menu.

Within the Enable Iteration option, there are three sub-options: Step Treatments and Constraints,
Repeat Until All Treated, and Repeat with Treatment Longevity. Step Treatment and Constraints
allows the user to iteratively create treatment solutions by stepping either or both the Treatment
Thresholds and Constraints. Repeat Until All Treated will create multiple treatment solutions
until: 1) all stands have been treated (non-aggregated), 2) are within a patch (aggregated), or 3)
until it is not possible to create a solution that meets the treatment thresholds and constraints.
Repeat with Treatment Longevity uses an additional attribute defining the expected treatment
effectiveness duration (Treat Duration Field). Once selected for treatment, stands will not
become available again until their longevity duration has passed. The time period for each
iteration is arbitrary. Because the program could run indefinitely, the user must specify a
maximum number of runs (Maximum Iterations).

The final option, Disable Shapefile Output, is available if the shapefile output is not wanted.
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Tutorial

The following exercises will use the Mt. Emily stands shapefile supplied with the ArcFuels10
demonstration data (C:\arcfuels\data\mt_emily_stands.shp).

Simple aggregated treatment plan—

This first example is a simplistic scenario where the goal is to create an aggregated treatment
patch which treats about 10% of the landscape. The goal is to locate treatments in stands with
large trees when flame lengths exceed 1.2 m (4 ft). The resulting treatment will be a single patch
with some stands marked for treatment, and others not.

1) Open Landscape Treatment Designer (LTD) through the ArcFuels10 toolbar (ArcFuels10
toolbar->Landscape—-> Landscape Treatment Designer). For this to work, the LTD
program must be linked via the Project Settings form. See the Setting up ArcFuels10 with
the Mt. Emily Demonstration Data section of the ArcFuels10 Tutorial for more detailed
instructions (fig. 5-5).

Landscape Treatment Designer ] 4
Input Shapefile: I Ciharcfuelsidatalme_emily_stands.shp | Wiew Field Info |
Qutputs Base Mame: I Ciharchuslsioutputstaggregated |
Mandatory Field Mappings —Opkions
StandID: IStand_ID j Ohbijective Direction: Il - Maximize j
% Coordinate: IX j v aggregate Treatment Efficiency: [1.00 =
jecti o |1 - Ascendi -
¥ Coordingte: I\"' j Ohjeckive Sort Order: I sCending J
[ Check Availability

- Objective Function fsilabilty Field;  |available =l

Field Name | Weight | Type [ Enable Ieration
LrgTrees 1.00 T ! Step Treatments and|Constraints

% Fepeat Until &l Treated
r Repeat with Treatment: Longewity:

Treat Duraticn Field; I -]

fdax Iterations; | 100 _:I
add Objective | Delete Objactive | I™ Disable Shapefile Cutput

— Treatment Thresholds - Treat Stands that meet these conditions —Constraints - Treat until Following constraints are met

Field Name | Operator | ¥alue Field Name Min ¥alue
FL_ft = Acres 3,500.00

Max ¥Yalue
T

#Add Threshold Delete Threshold | Add Constraink Delete Constraint

Figure 5-5—LTD setup to create an aggregated treatment plan maximizing large trees.
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a) Input Shapefile: navigate to and open mt_emily_stands.shp from the data folder in the
ArcFuels directory.

b) Click View Field Info (fig. 5-6) to see statistics about all the attributes in the shapefile.

Field Information for C:harcfuslshdataimt_emily stands.shp

Number of Records: 1082
Field Name Type Width Decimals Min Max bg
Lores N = u] 1 928 37
ForestType C =1u] a a a ]
z F 19 11 4053565.1587237 415215.632615 413270.771287
T F i2 i1 E0Z 6472 .589150 E050387.288770 E0365582.712560
homedens ol 18 3 0.000000 5. 000000 0.382292
LrgTrees o 18 3 0.0000a0 9574.000000 132.596118
Available N 16 & 0.000000 1.000000 0.4958152
Duration N 18 3 0.0000a0 zZ0.000000 11.400155
LrgTree_Tr N =] a a 380 126
LrgTree NT N =] a a 3979 38
FireType I 4 a a 3 2
FL_ft N 4 u] u] 130 28
Flope_per il 4 a 4 =4 34
Stand ID o 4 u] 2 1262 G616
fml N 4 a a1 155 154
oo F 19 11 0.0000a0 71.000000 35.328096
ch F 19 11 0.0000a0 375.000000 218.327172
chh F 12 11 0.000000 33.000000 5.192237
chd F 19 11 0.000000 33.000000 5.192237

Figure 5-6—Field Information.

c) Outputs Base Name: navigate to the outputs folder in the ArcFuels directory and name
the base files “aggregated” (fig. 5-7).

saveas 21|
Save in IE} outpuks j e IC_QF _

File name: Iaggregated j Save I
j Cancel |

Save as lupe: ITe:-:t Files [*.t=t)

Figure 5-7—Saving the base outputs name.
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d) Set the Mandatory Field Mappings
i) StandID: select Stand_ID from the drop-down list.
i) X Coordinate: select X from the drop-down list.
iii) Y Coordinate: select Y from the drop-down list.
e) Set the Options
i) Obijective Direction: select 1 — Maximize from the drop-down list.
i) Select the Aggregate option.
iii) Treatment Efficiency: use the arrow buttons to set it to 1.0.

iv) Do not select the Check Availability, Enable Iteration, or Disable Shapefile Output
options.

f) Set the Objective Function

i) Field Name: select LrgTrees from the drop-down list. LrgTrees is the number of trees
greater than 53.3cm dbh in each stand.

i) Weight: type “1.00” in the text box. To change the Weight, click on the cell; once
highlighted, type in the new value.

iii) Type: select Both from the drop-down list. Both is selected because this field contains
information about the current conditions of the stand.

g) Set the Treatment Thresholds

i) Field Name: select FL_ft from the drop-down list. EL_ft is the flame length of each
stand in feet.

i) Operator: select >= (greater than or equal to) from the drop-down list.

iii) Value: type “4.00” in the text box. To change the Value, click on the cell; once
highlighted, type in the new value.

h) Set the Constraints

i) Field Name: select Acres from the drop-down list. Acres is the area of each stand in
acres.

i) Min Value: type “3,800.00” in the text box.

iii) Max Value: type “4,200.00” in the text box.
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i) Click Run_to run LTD. Once completed, the LTD Progress... window will open telling
you it has finished. Click OK to close the window (fig. 5-8).

LTD Progress... x|

Execution Complete,

Figure 5-8—LTD Progress window.

J) Next, the LTD Complete window will open (fig. 5-9). This window lists the outputs with
their name and path shown, and allows you to open select outputs without having to
navigate to the folder where they are saved.

LTD Complete x|

Solution complete,

Surnmary wrikken ko i arcfuelsioutpukstaggregated _Surmmary, bxk
Skand outputs written ko Clarcfuels\outputsiaggregated_Paints, Ext
Palyaon shape file writken ko Charcfuelsioutputstaggregated_Palys, shp
Solution C5% writken to Ciharcfuelsioutpukstaggregated_Resulks,csy

‘Wiew Stand Results | Wiew Surnrnarsy

Figure 5-9—LTD Complete window.

k) Open the Agg_simple_Points.txt file by clicking the View Stand Results button on the
LTD Complete window. The aggregated Points.txt file maintains information for every
stand within the loaded shapefile. By default the StandID, X-Y coordinates, and
availability fields are always written to this file (fig. 20). The original data for the
Objective Function(s), Treatment Threshold(s) and Constraint(s) used in the run are also
appended. The last three columns are always “InPatch”, “DoTreat”, and “Combo.”
InPatch indicates that a stand is selected to be within the larger patch area (and does not
always need to be treated). DoTreat indicates the stand meets the Treatment Threshold(s)
and Constraint(s) and should be treated. Combo is the sum of InPatch and DoTreat: 0
indicates it is neither in the patch or needing treatment, 1 indicates it is in the patch but
does not need treatment, and 2 indicates it is both in the patch and requires treatment.
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This is the same information that is in the attributes table of the aggregated Polys.shp
file.

"Itand ID","X","T", "available", "Lcres”, "LrgTrees", "FL_ft","InFatch", "DoTreat”, "Combo"
2,411579.4658750, 5050085 . 500000, 1, 25 .000000, 0. 000000, 24.000000,0,0,0

%,411732.718750, 5050211 . 000000, 1, 34.000000, 0. 000000, 40.000000,0,0,0

4,411877.000000, 505033 1. 500000, 1, 5.000000,0.000000, 16.000000,0,0,0

5,412257.531250, 5049736, 500000, 1, 135, 000000, 0.000000, 23 .000000,0,0,0

6,412166.343750, 5050387, 500000, 1,3 .000000, 0. 000000, 14.000000,0,0,0

7,412974. 500000, 5049556, 500000, 1, 125, 000000, 0.000000, 11.000000,0,0,0

Figure 5-10—Aggregate_Points.txt file.

2) Open the aggregated Summary.txt file by clicking the View Summary button on the LTD
Complete window. The Agg_simple Summary.txt file summarizes the run completed (fig.
5-11). The Objective Function(s) and Weight(s), Treatment Threshold(s) and Value(s), and
Constraint(s) are listed along with the Options specified. In addition, the results and the run
time are shown. The results include the Max Objective Value, which is the sum of the values
of the Objective Function(s) in the stands flagged for treatment (DoTreat=1); this is the total
number of large trees in the patch for this run. The Constraint Max is the sum of the InPatch
area, and the Constrain Max Treat is the sum of the DoTreat area.

LTD run generated: Thursday, 3Zeptember 20, 2012
Ohijectives: (1)
LrgTree=s 1.000000

Threshold=s: (1)
FL £t »= 4.000000

Constraints: [1)
hores  3500.000000 - 4200, 000000

obj dir 1

check awvail 0O

write debuy file 0O
sort_output _file -1
results _headers 0
aggregate soln 1

Eesults=s
Max Chijective VWalue: 75174.000000

Figure 5-11—Aggregated_Summary.txt file.

3) Click OK to close the LTD Complete window.
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4) Open the aggregate Results.csv file (fig. 5-12) from the outputs folder of the ArcFuels
directory. The aggregate_Results.csv file contains information about the run set up and
results, similar to the output summary file (Agg_simple Summary.txt).

ShapeFieName cres Min Acres Max FL_fi(>=) LrgTrees max_value Total Acres Treat Acres
Clarcfuels'datamt_emily_stands shp 3800 4200 4 1 75174 4138 4138

Figure 5-12—Aggregated_Results.csv file.

5) LTD does not include a visual display of the output data. Open ArcMap, and add the
agagregated Polys.shp shapefile to the map. The spatial reference is undefined for the
shapefile (fig. 5-13).

A Unknown Spatial Reference d |

The following data zources yow added are mizsing spatial reference
information. This data can be drawvn in Archdap, but cannot be projected:

aggregated_Palys ;I

Figure 5-13—Unknown Spatial Reference window from ArcMap.

6) Define the spatial reference (ArcToolbox->Data Management Tools=>Projections and
Transformations-> Define Projection, fig. 5-14).

ETTrra— ol
Input Dataset or Feature Class =
| aggregated_Polys hd =
Coordinate System —
| NAD_1983_UTM_Zone_11N g

oK J Cancel J Environments... I {"Show Help >> 1

Figure 5-14—Define Projection form.
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a) Click the hand pointing to the paper button (see fig. 5-14) to open the Spatial Reference

Properties form (fig. 5-15).

Spatial Reference Properties

XY Coordinate System | z Coordinate System |

21

Name: | NAD_1983_UTM_Zone_1IN

Details:

Projection: Transverse_Mercator

central_meridian: ~u7 000000
scale_factor: 0.999600
latitude_of _origin: 0,000000
Linear Unit: Meter (1,000000)

Geographic Coordinate System: GCS_North_American_1983
Angular Unit: Degree (0.017453292519943299)
Prime Meridian; Greenwich {0.000000000000000000)

Datum; D_North_American_1983
Spheroid: GRS_1980

Select, ., I Select a predefined coordinate system,

Import & coordinate system and X/Y, Z and M

Import... domains from an existing geodataset (e.g,,
“sature dataset, feature class, raster),

New ~ IA\ ‘ate a new coordinate system,

Modify Edlt properties of the currently selected
_J :dl esystem
Clear I Setsd’tecoora\atesystamtouicm.

Save As... Save the coordinate system to a
file.

Figure 5-15—Spatial Reference Properties form.

b) Click the Import... button, and navigate to and add one of the layers in the data folder of

the ArcFuels directory.

c) Click OK to close the Spatial Reference Properties form.

d) Click OK to define the projection.

7) Change the Symbology to show the COMBO field (right-click on the layer > Properties,
fig. 5-16). COMBO is the sum of InPatch and DoTreat: when it’s O it is neither in the patch

or needing treatment, when it’s 1 it is in the patch but does not need treatment, when it’s 2 it

is both in the patch and requires treatment.
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Joinz & Relates Time I HTHL Popup I
General | Source I Selection I Dizplay Symbology | Fields I D efinition Guerny I Labels I #Callout
Show:
_Featmes |Draw categoriez using unique valuez of one field. Irnpart... |
Categories Yalue Field Color Ramp
Unievabies. | [coveo 71| | [ R ]
Inigue values, mary
l.'\l:;::l‘::tciiin symbols in 2 Symbol I Yalue I Label I Count I
Charts [w] <all ather values: <all ather values: 1
Multiple Attributes <Heading> COMBD 1082
P — 0 a0
B 2 182
1
3
Add Walues... Bemoyve Remove All Advanced -
(] | Cancel | Apply
Figure 5-16—Changing the symbology to show the values for the COMBO attribute.
a) Select the Symbology tab.
b) Show: select Categories and then select Unique values.
c) Value Field: select COMBO from the drop-down list.
d) Click Add All Values.
e) Click OK to apply the changes (fig. 5-17).
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- stand - | 4% | Landscape = | BuldLCP = | wildfire Models = | Risk = | Tools = | Project =

------- Table OF Conkenks
o ERELAE
L_l El = Layers (=3
Bl aggregated_Paolvs
0 [ =all ather walues
COMBO
Al o
2 m:
B [ Demo_data
- I mk_ermily_stand:
= (1 mk_emily
— [0 stands
[@ 1 [ elevation
15| O slope
. O aspect
L O F_fefmed
4 | O IF_cc
p O IF_ch
5 [ IF_cbh
O If_chd
N O hillshade
buad [ subarea
BE T M1 Ee-

Figure 5-17—The spatial solution for the aggregated run.
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Simple dispersed treatment plan—

This second example uses the same conditions as the first, but this time the Aggregate box will
be unchecked to see the difference between the two types of runs. This example creates a non-
spatially explicit prioritized treatment plan. It prioritizes the selection of stands based on the
Objective Function(s) indicated regardless of spatial location.

For a dispersed run, the Objective Sort Order dictates the priority of stand selection for
treatment. In this example, we are setting the Objective Sort Order to 1 — Descending, because
we want to again maximize the number of large trees within our treatment run. By sorting in the
descending order, stands with the greatest number of large trees are listed first; these stands are
therefore selected first for treatment if they also meet the Treatment Threshold(s) and
Constraint(s). If the sort was set to -1 — Ascending, the solution would prioritize stands with the
fewest number of large trees. If the sort was based on 0 — StandID, the prioritization would only
be based on the StandID, regardless of the Objective Function(s).

1) Return to the LTD form (fig. 5-18).

Landscape Treatment Designer o ] 4
Input Shapefile: I Ciiarchuelsidatalmt_emily_stands.shp | View Field Info |
Outputs Base Mame:! IC:'I,arcFueIs'l,-:utputs'l,dispersed |
Mandatory Field Mappings —Opkions
StandID: IStand_ID j Ohbjective Direction: Il - Maximize j
% Coordinate: I>< j [~ aggregate Treatment Efficiency: | 100 —
jecki ;|1 -Dn di =~
¥ Coardinate: I\If j Ohbjective Sort Order I escending J
[~ check availability
—Ohjective Function vy il abiliby Field: I.ﬁ.vailable j
Field Name | Weight | [ Enable Ireration
LrgTrees L.oo [ Step Treatments and Constraints
%) Repeat Wntil &l Treated
r Repeat with Treatment Longeyvity:
Treat Duration Feld: I j
Max Iterations; | 100 =
Add Objective | Delete Obijective | I™ Digable shapefile Dutput

— Treatment Thresholds - Treat Stands that meet these conditions —Constraints - Treat until Following constraints are mek

Field Name | Operator | Yalue Field Name Min Yalue
FL_ft n= Acres 3,800,00

Add Threshold Delete Threshold | Add Constraink Deleke Constraint

Figure 5-18—LTD setup to create a dispersed treatment plan maximizing large trees.
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a) Enter the Outputs Base Name “dispersed” by using the navigation button, and save it in
the LTD folder. This will create a standard prefix for the output files.

b) Set the Mandatory Field Mappings
i) StandID: select Stand_ID from the drop-down list.
i) X Coordinate: select X from the drop-down list.
iii) Y Coordinate: select Y from the drop-down list.
c) Set the Options
i) Obijective Direction select 1 — Maximize from the drop-down list.
i) Uncheck the Aggregate check box.
iii) Treatment Efficiency: use the arrow buttons to set it to 1.0.

iv) Objective Sort Order: select 1 — Descending from the drop-down list.

v) Verify Check Availability, Enable Iteration, Conditional Objective, and Disable
Shapefile Output are unchecked.

d) Set the Objective Function
i) Field Name: select LrgTrees from the drop-down list
i) Weight: type “1.00” in the text box.
e) Set the Treatment Threshold
i) Field Name: select FL_m from the drop-down list.
i) Operator: select >= (greater than or equal to) from the drop-down list.
iii) Value: type “4” in the text box.
f) Set the Constraints

i) Field Name: select Area_ha from the drop-down list.

i) Min Value: type “3,800.00” in the text box.
iii) Max Value: type “4,200.00” in the text box.

g) Click Runtorun LTD.

ArcFuels10 Tutorial Supplemental Information DRAFT 136



2) Open the dispersed_Points.txt file by clicking the View Stand Results button on the LTD
Complete window. Notice because the Objective Sort Order was set to 1-Descending, the
stands with the highest number of LrgTrees (large trees) are at the top of the list, and
therefore chosen first for the treatment solution (fig. 5-19).

"Scand_ ID","X","Y", "available”, "Acres”,"LrgTrees"”, "FL £t”,"InPatch”,"DoTreat”,"Combo"
838,412329.687500,5032938.000000, 1, 103.000000, 9674.000000, 42.000000,1,1,2
794,412475.468750,5033486.000000, 1,84.000000; 8028.000000/78.000000,1,1,2
904,411966.000000, 5032498 . 500000, 1, 39.000000, 4970.000000, 33.000000,1,1,2
679,412756.937500, 5034477 .000000, 1,97.000000,4752.000000,25,000000,1,1,2
1089,414515,281250, 5030443 .000000, 1,92.000009, 4532 .000000,23,000000,1,1,2
727,409968,750000, 5033821.000000, 1, 61,000000,3449.000000; 32.000000,1,1,2

Figure 5-19—Dispersed_point.txt file, showing how the sort order affects the solution.

3) Map the solution (fig. 5-20). Note that this time the solutions possible are 0 and 2. Where 0
denotes not in the patch and do not treat and 2 indicates InPatch and DoTreat. Because the
Aggregate box was unchecked, there will only be these two options no matter how complex
the run, because the process is not trying to create a contiguous patch; rather, it disperses
treatments across the landscape.

Skand = ﬁ Landscape = | Build LCP = | Wildfire Madels = | Risk = | Taools = | Project =

Table OF Conkenks
= El = Layers =
@I = dispersed_Polys
Q <all other values
COMBO
s m3
b -
B [0 aggregated_Palys
* [1 =all ather values
= COMBO
Mo
§- m:
i E [ Demo_data |
O ik _ernily_stand:
R O mk_erniky
4 | [ stands
i O elevation
¥ O slope
[ aspect
- O IF_fbFms0
- O IFee
an = 1o 1

Figure 5-20—Treatment solution where green areas indicate a need for treatment.
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Notice the differences between the two solutions in figures 5-17 and 5-20. The general treatment
area is the same because that is where the concentration of large trees is. The aggregated solution
creates one large contiguous treatment patch where the solution suggests treatments for 4,138 ac
and contains 75,174 large trees. The large trees contained in the aggregated solution include all
trees in the patch regardless of treatment preference. On the other hand, the dispersed solution
suggests treatments for 4,200 ac and contains 129,178 large trees because it is able to disperse
the treatments to include all the stands with the highest density of large trees.

A warning window will open if you forget to rename the file base name, or choose to re-run a
run with the same base name. You can either overwrite or append to the existing outputs (fig.
5-21)

Output Files Already Exist!

C:\arcfuels\outputs\aggregated_Points. txt already exists!
C:\arcfuels\outputsiaggregated _Summary.txt already exists!
C:\arcfuels\outputs\aggregated_Results.csv already exists!

Outputs Points File Outputs Summary File Results CSV File
(+ Overwrite (¢ Overwrite " Overwrite
" Append " Append ' lAppend

Figure 5-21—OQutput Files Already Exists window.

If you forgot to re-name your output files, and still have the Results CSV File open, you will get
the following error window (fig. 5-22). Click OK and the LTD run will terminate. Close the
CSV file and try again.

LTD L x|

! E Error opening C:\arcfuels\outputs\aggregated Results,csv as output,

Figure 5-22—LTD error window if you have your Results CSV file open.
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Aggregated treatment with multiple objectives and thresholds—

The third treatment example is a more complex scenario than the first example. The goal is to

create a single treatment patch which treats about 10% of the landscape. In addition, the goal is
to maximize treatments in stands with large trees and high home density in available stands
where slopes are accessible and fire type is undesirable (crown fire type).

1) Return to the LTD form (fig. 5-23).

Landscape Treatment Designer

Input Shapefile: I Ciiarchuelsidatalmt_emily_stands.shp

| View Field Info |

Outputs Base Name:! I Cilarcfuelsioutputsaggregatedz

Mandatory Field Mappings

StandID: |Stand_ID |
% Coordinate: I>< j
¥ Coordinate: I‘.’ j
—Objective Function
Field Name | Weight | Type |
LrgTrees 1.00 Baoth

Add Objective | Delete CObjective |

=101]

—Opkions

Il - Maximize j

Treatment Efficiency: | 100 —

Ohbjective Direction:

v Aggregate

Ohjective Sort Grder: Il - Descending j
v Check availability
Availability Field: | Available |

™ Enable Iteration
[ Step Treatments and Constraints
%) Repeat Wntil &l Treated
r Repeat with Treatment Longeyvity:

Treat Duration Feld: I j

Max Iterations; | 100 =
[ Disable Shapefile Cutput

— Treatment Thresholds - Treak Stands that meet these conditions

—Constraints - Treat until Following constraints are mek

Field Name | Operator | Yalue | Field Name Min Yalue | Max ¥alue
FireType = 1.00 Acres 3,800.00
Add Threshold Delete Threshold | Add Constraink Deleke Constraint

Figure 5-23—LTD setup to create an aggregated treatment plan maximizing treatments where

large trees and homes are present.

a) Enter the Outputs Base Name “aggregated2” by using the navigation button, and save it
in the LTD folder. This will create a standard prefix for the output files.

b) Set the Mandatory Field Mappings

i) StandID: select Stand_ID from the drop-down list.
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i) X Coordinate: select X from the drop-down list.
iii) Y Coordinate: select Y from the drop-down list.
c) Set the Options
i) Obijective Direction: select 1 — Maximize from the drop-down list.
i) Select the Aggregate option.
iii) Treatment Efficiency: use the arrow buttons to set it to 1.0.
iv) Select the Check Availability option.

v) Availability field: select Available from the drop-down list. The Check Availability
box is another type of constraint; however, it is pre-determined within the Input
Shapefile. The Availability Field must be binary, containing only integers of 0 (not
available for treatment), and 1 (available for treatment). Only stands available for
treatment will be part of the DoTreat solution (DoTreat = 1). For the Aggregate
example, because stands are not available for treatment, it does not preclude them
from being a part of the patch (InPatch = 1).

vi) Do not select the Enable Iteration and Disable Shapefile Output options.
d) Set the Objective Functions

i) Field Name: select LrgTrees from the drop-down list.

i) Weight: type “1.00” in the text box.

iii) Type select: Both from the drop-down list.

iv) Field Name: select homedens from the drop-down list. homedens is the number of
homes in each stand. To add additional Objective Functions click the Add Objective
button, and select the Field Name from the pull-down menu. If you change your mind
and want to remove an objective, simply click on either the Field Name or the Weight
for the object you would like to remove (it will be highlighted), then click the Delete
Objective button.

v) Weight: type “10.00” in the text box.
vi) Type: select Both from the drop-down list.
e) Set the Treatment Thresholds
i) Field Name: select FireType from the drop-down list. FireType is the crown fire

activity code from a fire behavior run completed in FlamMap, where 0 is no fire, 1 is
surface fire, 2 is passive crown fire, and 3 is active crown fire.
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i) Operator: select > (greater than) from the drop-down list.
iii) Value: type “1.00” in the text box.

iv) Field Name: select Slope_deg from the drop-down list. Slope_deq is the average
slope of the stand in degrees.

v) Operator: select < (less than) from the drop-down list.
vi) Value: type “30.00” in the text box.
f) Set the Constraints

i) Field Name: select Area_ha from the drop-down list. Area_ha is the area of each
stand in hectares.

i) Min Value: type “5,000.00” in the text box.
iii) Max Value: type “10,000.00” in the text box.
g) Click Runto run LTD.

2) Open the aggregated2_Summary.txt file by clicking the View Summary button on the LTD
Complete window (fig. 5-24). Notice the multiple Objectives and Thresholds are now listed
with their weights. The Max Objective Value is the sum of LrgTrees*1 + homedens*10 for
all stands within the patch.

LTI run generated: Friday, September 21, Z012Z at 05:42:44
Chijectives: (2)

LrgTree=s 1.000000

homedens 10.000000

Threshold=s: (Z)
FireType > 1.000000
Flope_per <« 30.000000

Constraints: (1)
Aores  3800.000000 - 4200.000000

obj_dir 1

check avail 1
write_debug file 0O
Fort_output file 1
results_headers 0
aggregate_soln 1

Results
Max Chjective Walue: 146139.000000
Constraint Max Constraint Max Treat
heres ZZ531.000000 4193 .000000

0.34 seconds runtime

Figure 5-24—Summary file for a run with multiple Objectives and Thresholds.
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3) Map the solution (fig. 5-25).

* Skand - | ﬁ | Landscape = | Build LCP = | Wildfire Models = | Risk= | Tools = | Project =

|

------- Table OF Contents

S EERELE

= = = Layers

= aggregatedz_Polys
0 <all other values=

COMED
H- Mo
2 -
-

- = dispersed_Palys

B <all ather walues =
—a COMED
b - o

[d -

. B [ aggregated_Palys
i [1 =all ather values:=
0 COMED

& o

¥ Bz

= [ Cemo_data

. O mt_emily_stands
bl O mt_ermiky

;. ) [1 stands

Figure 5-25—Aggregate2 solution with multiple objectives and constraints.

4) Open the attributes table (right-click on the layer in the ArcMap table of contents—>select
Open Attributes Table from the menu) (fig. 5-26). Notice that the OBJ_VAL values represent
the weighted values (i.e. LrgTrees*1 + homedens*10) rather than the raw sum.

[Potygon | 57 | 414495 | 5037575
f ! 14|
301 ;Pormm

453 [Podygon

Figure 5-26—Attributes table for the aggregate2 run.
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Dispersed iterative treatment with multiple thresholds—

This example enables iteration, and will build treatment plans to reduce fire hazard (defined by
the FireType data). Each iteration will include stands totaling up to about 10% of the landscape
(4,000 ac), where flame length is greater than or equal to 8 ft, and non-surface fire triggers the
need for treatment. Iterations will be completed until all stands in the landscape that meet the
treatment threshold are included. Because fire hazard is the Objective Function, this will be a
fuel treatment prioritization plan.

1) Return to the LTD form (fig. 5-27).

Landscape Treatment Designer o ] 4
Input Shapefile: I Ciiarchuelsidatalmt_emily_stands.shp | View Field Info |
Outputs Base Name:! I Cilarcfuelsioutputs\dispersed_all |
Mandatory Field Mappings —Opkions
StandID: IStand_ID j Ohbjective Direction: Il - Maximize j
% Coordinate: I>< j [~ aggregate Treatment Efficiency: IU-QU _|::l
jecki ;|1 -Dn di =~
¥ Coardinate: I\If j Ohbjective Sort Order I escending J
[~ check availability
~ Obiective Function fvailahilty Fisld;  |Available [

Field Name | Weight [¥ Enable Ireration
FireType " Step Treatments and Constraints

¥ Repeat Until all Treated
o Repeat with Treatment Longevity

Treat Duration Feld: I j

Max Iterations; | 100 =
Add Objective | Delete Objective | I Disable Shapefile Output

— Treatment Thresholds - Treat Stands that meet these conditions —Constraints - Treat until Following constraints are mek
Field Name | Operator | Yalue | Field Name Min Yalue Max ¥alue
FL_ft = §.00 Acres 3,500.00
Add Threshold Delete Threshold | Add Constraink Deleke Constraint
Run Close |

Figure 5-27—LTD setup to create a multi entry treatment prioritization plan.

a) Enter the Outputs Base Name “dispersed_all” by using the navigation button, and save it
in the LTD folder. This will create a standard prefix for the output files.

b) Set the Mandatory Field Mappings

i) StandID: select Stand_ID from the drop-down list.
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i) X Coordinate: select X from the drop-down list.
iii) Y Coordinate: select Y from the drop-down list.
c) Set the Options
i) Obijective Direction: select 1 — Maximize from the drop-down list.
i) Do not select the Aggregate option.
iii) Treatment Efficiency: use the arrow buttons to set it to 0.9.
iv) Do not select the Check Availability option.
v) Select the Enable Iteration option.
vi) Do not select the Disable Shapefile Output option.
d) Set the Objective Functions
i) Field Name: select FireType from the drop-down list.
i) Weight: type “1.00” in the text box.
e) Set the Treatment Thresholds
i) Field Name: select FL_ft from the drop-down list.
i) Operator: select > (greater than or equal to) from the drop-down list.
iii) Value: type “1.00” in the text box.

f) Set the Constraints

i) Field Name: select Area_ha from the drop-down list. Area_ha is the area of each
stand in hectares.

i) Min Value: type “1,500.00” in the text box.
iii) Max Value: type “2,000.00” in the text box.
g) Click Runto run LTD.

5) Open the dispersed_all_Results.csv file within the outputs folder of the ArcFuels directory
(fig. 5-28). The results file lists all the iterations as separate line items with the inputs, and
the final value max_value. Solutions with the highest max_value values are a higher priority
for treatment. Notice the last three solutions are not able to treat the 4,000 ac target.
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Acres Min Acres Max FL_fi(>=) FireTvpe(>) FireTvpe max valme Total Acre Treat Acres

3500 4000 8 1 1 199 40383 4000
3500 4000 8 1 1 96 36383 4000
3500 4000 8 1 1 116 32383 4000
3500 4000 8 1 1 2184 28383 4000
3500 4000 g 1 1 284 24383 4000
3500 4000 g 1 1 276 20383 4000
3500 4000 g 1 1 ilé 16383 4000
3500 4000 g 1 1 116 12383 1165
3500 4000 g 1 1 14 11218 147
3500 4000 g 1 1 0 11071 0

Figure 5-28—Results file, showing the different treatment solutions. Those with a higher
max_value values are a higher priority for treatment.

6) Map the solution (fig. 5-29). There are nine treatment solutions, the COMBO field is the sum
of DoTreat and the iteration, so it starts as two. When COMBO is zero this means the stand
did not meet the treatment thresholds.

Stand ﬁ Landscape = | Build LCP = | Wildfire Models = | Risk = | Tools = | Project =
l

= Tahble Of Contents
= =’ Layers =

= dispersed_all_Polys

0 <all okher values =

-3 COMBO

S [ | ﬁ

y m:

- =

y L5 b
I - [

-
[ s
Kk [
10
a = aggregated?_Polys
<all ather walues:=

[ COMBO

mo

++ [ B

—= -

i) = dispersed Palys

Figure 5-29—Dispersed solution, with multiple objectives and constraints.

7) Close LTD. You are done with the tutorial. Congrats!

ArcFuels10 Tutorial Supplemental Information DRAFT 145



6. ArcGIS — ArcMap10

This section is meant to be a very brief introduction to file types and processes in ArcMap.
ArcMap can be considered one of those lifelong learning process tools. This section is by no
means all inclusive, and only presents one way of completing tasks in the program. There are
many ways to accomplish the same task; if you are more familiar with another method, by all
means do what you know!

Program Overview

ArcMap is the main component of ESRIs ArcGIS collection of geospatial processing programs.
Other ArcGIS programs include ArcCatalog, ArcGlobe, and ArcScene. ArcMap is used
primarily to view, edit, create, and analyze geospatial data and create maps. ArcCatalog would
be the second most used component and is used primarily for file organization.

ArcMap Fundamentals

Feature classes (shapefile)—

A shapefile (*.shp) is a format for storing the location and attribute information of geographic
features. A shapefile can be represented by points, lines, or polygons (fig. 6-1). Typically
features such as roads and streams are line files, plot or structure locations are often represented
by points, and any area feature such as forest stand, vegetation unit, or wildlife habitat are shown
with polygons.

SUNRVERN L

)

Figure 6-1—Example shapefile types: (A) line file of roads, (B) (C)

When looking in Windows Explorer a shapefile is comprised of 7 parts (*.dbf, *.prj, *.sbn,
*.sbx, *.shp, *.shp.xml, and *.shx). All parts are required to map the shapefile. If you are
transferring files between folders or computers it is recommended to use ArcCatalog rather than
just copying and pasting files to move them in Windows Explorer.
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Rasters—

A raster, also known as a grid, consists of a matrix of cells (or pixels) organized into rows and
columns, where each cell contains a value representing information, such as fuel model,
elevation, etc. (fig. 6-2). Rasters are digital aerial photographs, imagery from satellites, digital
pictures, or even scanned maps. Rasters contain either discrete (e.g., fuel model) or continuous
information (e.g., elevation) or are simply pictures (ESRI 2009).

A ¥_fbfm40 B i _fobmA0 )

.5 Rowid | VALUE* | COUNT
s y 0 a1| 1885
LS 1 93| 39905
|—t -4 ———— — -

o i 2| 89| 63
02 m 3 101| 17025
;21 L 4 102] 4486
22 L 5 121 2439
Bl 142 5] 83 122] 41778
1161 L 7: 142_ 225.
& 162 [ 8 161, 19373
ST |

T |

e ] 1] 165 128630 |
N 131 — ! ! .
12| 181 44

it o 3] 182, 262
W 163 ] 4 183, 43218
. 184 15| 184 10
B 185 T 18| 185, 1939/
I 185 r 17| 188| 339)
N 158 = 18l 183! 4007

Figure 6-2—Example of fuel model raster display legend (A), attributes (B), and raster (C).

When adding raster data to your ArcMap table of contents, you may be prompted to build
pyramids. It is not critical to choose either Yes or No; however, selecting Yes will speed up
viewing the data at varying scales.

Multiple raster file types exist:

ASCII Raster— file extension *.asc (e.g., fuel_mdl.asc). ASCII file types are exported from fire
behavior programs such as FlamMap and FARSITE and need to be converted to ESRI rasters
before they can be viewed. ASCII raster names do not have a character limit, but it is good
practice to keep names under 13 characters, as they will need to be shortened when converted to
an ESRI raster.

ERDAS Imagine — file extension *.img (e.g., fuel_model.img). Imagine file types can be
produced using the program ERDAS imagine (burn severity data is often manipulated with this
program). Fuels planners will likely not need to work with .img rasters. However, since it is the
default output file type for many geoprocessing tools within ArcToolbox, it is important to be
aware of this file type so that you erase the *.img before naming your ESRI raster files.
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ESRI Raster— no file extension (e.g., fuel_mdl). ESRI girds are the typical file format used,
native to ArcMap. ESRI rasters have a 13 character file name limit. There are two types of ESRI
rasters, Integer and Float.

Integer- Discrete attributes for an integer raster are stored in an attribute table. Integer rasters can
store only whole numbers; therefore all data to the right of the decimal point is lost when
converted to an Integer. Summarizing data for NEPA, for example, can be achieved by exporting
the attribute table of an integer raster to Excel.

Float- The cells in this type of raster do not fall neatly into discrete categories and therefore do
not have an attribute table, the data are continuous. Float rasters can store numbers with decimal
points. Burn probability is inherently a float raster because it is expressed as a fraction of 1, and
therefore requires storage of decimal points. But float values can be converted to an integer for
easy analysis, by multiplying the raster by 1000 (using the Raster Calculator), or reclassifying
the raster into new categories.

Layers—

A layer file (*.lyr) can be used to group shapefiles and rasters. This can be very handy when
adding the same data layers to multiple maps (fig. 6-3).

[Fl = Layers
= Demo_data
[ mt_emily_stands
[ mk_emily
[ stands
O elevakion
[ slope
[ aspect

FHEHEBB

Figure 6-3—The demonstration data for ArcFuels10 is a layer file (“Demo_data”) comprised of
many shapefiles and rasters.
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Turning on and off Toolbars—

ArcMap comes with many pre-loaded toolbars. These can be turned on and off by opening the
toolbar list (ArcMap main menu->Customize-> Toolbars, fig. 6-4). Toolbars that are turned
on have a check mark to the left.

[E—

Cuskomize | Windows  Help

Animation
| Toolbars / | arcFuels Toolbar
Extensions... ArcScan
Add-In Manager,.. [alalcle]
YEBA Macros r

[Data Driven Pages

Customize: Mode... Drata Frame Tools

Style Manager..., Distributed Geodatabase

ArcMap Options. .. Draw

Figure 6-4—Turning on and off toolbars available in ArcMap. In this figure, the ArcFuels
toolbar and Draw toolbar are turned on; the other toolbars are turned off.

Turning on and off Extensions—

As with toolbars, extensions can be turned on and off by opening the toolbar list (ArcMap main
menu-> Customize->Extensions, fig. 6-5). Extensions that are turned on have a check mark to
the left. If an extension is not available, “(License not available)” will be to the right of the
extension name. This means the extension was not loaded when ArcGIS was installed.

Extensions N 2| x|

Select the extensions you want to use.

3D Analyst
Geostatistical Analyst
Network Analyst
Publisher
Schematics

Tracking Analyst
XTools Pro

Description:

Spatial Analyst 10.0
Copyright ©1993-2010 ESRI Inc. All Rights Reserved

O0®0O0000

Provides spatial analysis tools for use with raster and feature data.

About Extensions |

Figure 6-5—The Extensions window in ArcMap, showing the Spatial Analyst extension is
available and turned on (box checked).

ArcFuels10 Tutorial Supplemental Information DRAFT 149



Opening and Docking ArcToolbox—

The ArcToolbox window is the central place where you find, manage, and execute
geoprocessing tools. ArcToolbox contains forms for all the processing you will need for the
ArcFuels tutorial exercises. ArcToolbox can be opened via the icon on the Standard ArcMap
menu bar (fig. 6-6a), or from ArcMap main menu->»Geoprocessing—=>ArcToolbox. The tools
within the ArcToolbox all have hammers to the left (fig. 6-6a). Throughout this document, the
location of tools will be shared via the path; for example the path to the Create Feature Class
tool in Figure 6-6b is: ArcToolbox->Data Management Tools->Feature Class->Create
Feature Class.

Al EEEE D $e8?

- & Data Interoperability Tools
= &P Data Management Tools
- & Data Comparison
- & Database
- & Distributed Geodatabase
- & Domains
- & Feature Class
/.\, Append Annotation Feature Classes
# Calculate Default Spatial Grid Index
#, Caleulste Default-¥-Tolerance
. Create Feature Class
N Creace Fistinet
, Create Random Points
, Integrate
. Update Annotation Feature Class

AN

Figure 6-6—Opening ArcToolbox (A) and navigating to the Create Feature Class tool (B).

Docking the ArcToolbox can be a little tricky. With ArcToolbox open, click on the box to move
it. Drag it to one of the blue arrows until that section of ArcMap turns blue then let go (fig. 6-7).
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Figure 6-7—Docking the ArcToolbox.

Adding data to ArcMap—

The simplest way to add shapefiles and rasters to ArcMap is by using the Add Data button,
which is part of the Standard toolbar (fig. 6-8a). When adding other types of data, such as base
map data or XY coordinate data, you must use the main menu toolbar (ArcMap main
menu->File>Add Data, fig. 6-8b).

A
Dds @B xX| 2> b
B ~
Fie | Edt  Wiew Bookmaks Insert Selection Geoprocessing Customie
(Y New... abn . @ [TZ34 =l
= oven undil (BN W ACTRAY PR
Wl Swe QNS e Models = | Risk | Tools > | Project »
Save 4.
Save A Copy...
& addoata
84 sonimn... B8 Addeasemap...
B arcGrs onie... Hd  Add Data From ArcGIS Oriine...
3 Page andPrick Setup... 4 AddXyData...
m Prink Preview. .. Geocoding »
& Print... | ¥ AddRoute Events...
| |l Create Map Package... & Add Query Layer...

Figure 6-8—Adding data to ArcMap via the Add Data button (A), and via the add Add Data
menu options (B).

When adding data, each file type is characterized by a different icon (fig. 6-9).
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Figure 6-9—Data type icons where “ideal trt” is a raster (raters with the *.asc extension are

@ownershtpshp @treatment_uits.shp
-JRAWS _stations.shp @it _location
\*Jroads.shp @itre_type
#rs_subarea150,asc (B wui_silvis.shp

# <> Demo_data.lyr

ASCII raster files and need to be converted to rasters for mapping in ArcMap), “ownership” is a

polygon shapefile, “RAWS staions” is a point shapefile, “roads” is a line shapefile, and

“Demo_data.lyr” is a layer file.
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Projection (a.k.a spatial reference, or coordinate system)—

After you add your data and before beginning a project, it is important to ensure that all of your
data and data frame are in the same coordinate system (a.k.a spatial reference, or projection).
Some processes may function properly with varying projections, but others will not; so it is best
to eliminate a projection issue as a potential source of error later in your analysis. The projection
of your data frame is established when the first file is added to the table of contents, but can be
changed at any time via the Data Frame Properties window (ArcMap main
menu->View->Data Frame Properties...>Coordinate System, fig. 6-10).

Data Frame Properties ilil
Feature Cache I Annotation Groups | Estent Indicatars I Frame I Size and Pazition
General I D'ata Frame Coaordinate System | Hlurniration I Grids

Current coordinate system:

MAD 1983 _UTM_Zome_ 11N ;I Clear |
Projection: Transverse_Mercakor
false_easting: S00000,000000
false_northing: 0.000000
central_meridian; -117.000000
scale_Fackor; 0,999600
|akitude_of _aorigin: 0,000000
Linear Unit: Meter

GC5_Morth_American_1983
Dakurn: O_Markh_American_1983

il 3 | Transformations, .. |

Select a coordinate svstem:

-~ Favorites Modify. .. |
#-E3 Predefined
-3 Layers e |

B =rustomz

Mew - |

add To Favorites |

Remove From Favorites |

(] I Cancel | Lpply |

Figure 6-10—Data Frame Properties window showing the current map coordinate system.

If you have data loaded in ArcMap with multiple projections, they will be listed in the box like
the “NAD 1983 UTM_ Zone 11N” in figure 6-8. If more than one exists, you should re-project
your data as a single projection. To apply a single projection, highlight it and click OK.
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The Data Frame Properties form (ArcMap main menu->View->Data Frame

Properties...»> Coordinate System, fig. 6-11) can be used to check the projection for the layers r
(shapefile or raster) in your map. Under the Select a coordinate system box, expand the Layers
selection, and then expand each of your data layers.

Data Frame Properkies ﬂﬂ
Feature Cache I Annatation Groups | Extent Indicators I Frarme I Size and Position I
General I D'ata Frame Coardinate System Hurmination I Grids

Current coordinate syskem;

MAD_1953_LUTM_Zone_11H ] Clear |
Projection: Transverse_Mercakor
false_easting: S00000,000000
false_narthing: 0.000000
central_meridian: -117.000000
scale_factor: 0,999600
latitude_of _origin: 0.000000
Linear Unit: Meter

GCS_Morth_American_1983
Daturn: D_Morth_American_1933

il _pl_l Transformations. .. |

Select a coordinate swskem:

E-5 Lavers

B stands

- ) NAD_1933_Albers
2 elev

- ) NAD_1933_Albers
B ASCIITo_ascl izt M |
{__‘j Unknown

- ofl_m &dd To Favorites |
- 4 NAD_1983 UTM_Zone_11N

21 mt_emily_stands

- {0} MAD_1983_UTM Zone 11N

#--£ mk_emily LI

Modify... |

Imnport. .. |

I

Remove From Favorites |

0k I Cancel | Apply |

Figure 6-11—Identifying the projection for all the layers in your ArcMap. Notice the data layers
are in three different projections. When starting a project, decide on a single projection, define
unknown files, and re-project those in a different projection so they are all the same.
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When the projection is unknown, the Define Projection tool (ArcToolbox->Data Management
Tools>Projection and Transformations-> Define Projection) is used to define the projection
(fig. 6-12). There are two options for selecting the appropriate projection: Select... and Import...
(fig. 6-12). Select... allows you to choose from pre-defined geographic and projected coordinate
systems. Import... allows you to select the projection from another layer.

When defining the projection for a file, you must know what the projection should be. If not,

the data will not be mapped correctly.

\, Define Projection

Irput Dataset or Festure Class

| ASCTo_asct RN =
Coordinate System

[Ur}m«\n "I

o |

|

x|
|

o I Cancel IEnwom-entsI Show Habb >>

O o terence properties 21

XY Coordinate System | 2 Cocrdinate System |

Name: [ NAD_1983_UTM Zone 11N

Detads:

Projection: Transverse Meecator -
false_sasting: SO0000.000000

false_northing: 0.000000

centeal_meridian: -117.000000

scale_Factor: 0.993600

stkude _of _origin: 0,000000

Unear Un: Meter (1,000000)

Geographic Coordinate System: GCS_North_American_1983
Anguiar Unk: Degrea (0.017453292519943295) -
Prime Meridan: Greanwich (0.000000000000000000)
Datum: O_North_American_1983

Spheraid: GRS_1980 L]

Select,., | “elect a pradefined coordnabe systam,

Ifpoeiardnate system and %Y, Z and M
| domsing from an existing geodataset (e.9.,
. S ee dataset, festure class, raster).

Now = I Create 3 new coordnate system.

Modfy I Edt the proparties of the currently selacted
= coordinate system.

Clex I Sets the coordinate system to Unknown,
Saye As... I Save the coordnates system to &
Fils

oK l Cuxdl Myl

Figure 6-12—Defining the projection for a raster. When the button to the right of the
Coordinate System box is pressed, the Spatial Reference Properties form opens, allowing you to
Select... or Import... the correct projection.
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If your data is already projected, but is not in the correct projection, the Project tool
(ArcToolbox->Data Management Tools>Projection and Transformations—->Feature—>
Project, fig. 6-13a) needs to be used for shapefiles; and the Project Raster tool
(ArcToolbox->Data Management Tools—=>Projection and
Transformations->Raster->Project Raster, fig. 6-13b) needs to be used for rasters.

A TE— -igix
Input Dataset or Festure Class -
lf.tands l] E:]
Input Coordinate System (optional)

o o e &

Output Dataset or Feature Class

I C:\arcfuels\cutputsistands_projected &

Outpet Coordinate System

| NAD_1983_UTM_Zone_LIN

Gaographic Transformation (optional)

| =
OK I Cancel | Environments. .. I Show Help >> I

B =
Input Raster ;l
Ieiev ll EI
Input Coordinate System (optional)

Output Raster Dataset
['I:\_avcfueis‘-,wws‘xelev _proj é’
Output Coordinate System
| NAD_1983_UTM_Zone_t IN
Geographic Transformation (optional)
|
| +
Resamplng Techinque (optional)
[nenresT |
Outpet Cel Sze (optional)
% =
Registration Point (optional)
X Coordinats Y Coordnate
| I
14
oK I Cancel | Environments... | Show Help >> |

Figure 6-13—Forms used to re-project shapefiles (A), and rasters (B) in the correct projection
for the Mt. Emily demonstration data.

Sometimes when you re-project raster data, the output cell size changes. Check the output cell

size in the form, and change it if necessary to maintain the original size.
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Working with Shapefiles
Changing the display of a shapefile—

To change the display of a shapefile, right-click on the layer in the ArcMap table of contents and
select Properties from the menu. Next, select the Symbology tab (fig. 6-14). Data can be
displayed by Features, Categories, Quantities, Charts or Multiple Attributes (fig. 6-15). Features
is used to apply one style to all entries. Categories is used to assign different symbology based on
unique values in the attribute value field (in fig. 6-14a this would be forest type). Quantities can
be used to ramp (display from high to low), or classify continuous data into categories for
display. Charts.... Multiple Attributes can be used to display up to three data fields at once.

A T x| B
Jows & Relates | | HTML Poguip
Genmal | Sowce | Selection | Diaplay Smlrmlomomlmlmu
r..'g.... 9“" ﬂl-m u-:g unqua values nl one r-u M
Categoties “Value Field ~ColtRamp ————— T
o | [Fusiipe I ————
Urique valses, mary | -
el 70 K7 [ Labet [ Count |
Chasts Call other valuss> <l othes values 0
2 <Heading> ForestType 1082
Multiple Attributes -wa‘ o 4 23

Engleman spruce Engleman spouce 8
Engleman spruce-subsipe fin Engleman spuce-subsips h 16 _l
B Grand fu Grand fr 284
B Lodgepdle pine Lodgepole pre 16 il
Nonlorasted Norfatested 21
Pondeross pre 177
Subalpne i 40
Weslem kuch 49

| ﬂmﬂ' Advanced =

ox. | caxes | aov |

Figure 6-14—Changing the symbology of the stand shapefile to map forest type (A) and the
resulting map (B).

ATy B

Figure 6-15—Example displays for Features (A), Categories (B), Quantities (C), Charts (D), and
Multiple Attributes (E).

ArcFuels10 Tutorial Supplemental Information DRAFT 157



Shapefile attributes — Adding an attribute field—

Open the attribute table for the mt_emily stands layer by right-clicking on the layer name in the
ArcMap table of contents and then select the Open Attributes Table from the menu that opens.
With the attributes table open, click on the Table Options button (fig. 6-16), and select Add
Field... from the menu.

El MLV EE R

B Find & Replace...

EL select By Attributes. .

B Switch Selection
[§] select al

[ addFieid..
Turn &ll Fields On

Figure 6-16—Adding a field to the attribute table.

Next, select the type of field you would like: short integer, long integer, double, float, text, or
date (fig. 6-17). Integer fields are whole numbers, like 2 or 182; a short integer is any number
between -32,768 and 32,767, and a long integer is a number between -2,147,483,648 to
2,147,483,647. Floats can only handle positive numbers with decimal places. Double can handle
negative and positive numbers.

Add Field 21
MHame: ITreatF‘liol
Lope: I Shart Integer j
—Field Properties
|Precision [o |
Ok I Cancel |

Figure 6-17—Adding a short integer field to assign treatment priorities to the stand shapefile.

Attribute field names can only be 10 characters long.
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Shapefile attributes — Adding information in an editing session—

To start editing, right-click on the shapefile name in the ArcMap table of contents, and select
Edit Feature-> Start Editing. After you open the attributes table, you can simply start typing in
the attributes table (fig. 6-18).

Ownership TreatPrior
Wiallowea-iwhit 1
Wiallowea-iwhit 2
Wiallowea-iwhit 3
Wallowea-wvhit |4
Wiallowea-iwhit 1]
Wil a-iwhit 1]
Wil a-iwhit 1]

Figure 6-18—Typing in priority values in the attributes table while editing is turned on.

Shapefile attributes — Adding information outside of an editing session—

To update values in an attributes table outside of an editing session, the Field Calculator form is
used. To open the form, right-click on the attribute field of interest, and select Field
Calculator... from the menu (fig. 6-19a). This will open the Field Calculator form where the
desired value can be typed (6-19b).

#
A CEsr -~ Clretd catodater i
Sont Ascerdng
St Descendrg Parser =
W0 Scrn ™ Python
Advarced Sotng
i Tyge: Fyretions:
SarTe . > £
| o a g S
¥ Sabeties | Sce — Narber san( )
T | sare
‘a Colodmer I | ForestType a9 et
] ! -~ Pt )
aodate Geowetry g A L"K’ "l.ll‘ ‘
| Y o
| hoesedens !.‘_.,‘ )
| LrgTrem !:. ¢
| Avaldobie :z {
| Duratio {
| LrgTree_Tr «|
r ¢
Show Codeblock '_J'|5J'| J"I
TrogiSriee = d and cmed nd ed ad
k B
Qo | o | s | e |
% l Carcel ]

Figure 6-19—The field calculator location (A), and form (B).

When using the Field Calculator to update text fields, the text needs to be within single

quotations, ‘high’.
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This option of updating values is most useful when combined with selecting multiple fields at
once to assign values. For example, if the highest priority treatments are to occur in ponderosa
pine stands with passive or active crown fire, a selection can be made to only apply a priority
value of “1.” The Select By Attributes form (ArcMap main menu->Selection-> Select By
Attributes) is used to complete this selection (see fig. 6-20 for the selection criteria).

A ST 21| B _eesine | meive | trowprr |
Lodgepcie pine | 2 0|
Layer 1€ nt_smdy_stands =~ (Grand fr 2| o
Oy show selactabls lyers in this fat Ponderosa pre 2] 3
Method {Creste & new selechon :] ':"9"5’,":',', ;- g
Frelype P b ‘Dougas-tr 2| 0}
“Shpe_pa™ [Ponderosa pne 2 |
“Dusation™ I | Nonforested 2 0|
“LigTree_Tr" Geans tr 2 0
“LigTres_NT™ T ol ol
T.L-” - :‘ [Pondeross pine 2t I]
= | < [0 Douges-1r 2 ol
R R WEI L
> ’ = 2
| =] aed] )2
< I (II )] |
-lz' {) I NOII
s I et Unegue YVl Iﬁol’o. |
SELECT * FROM mi_emiy._stands WHERE:
"ForestTspe™ = Pondesosa pre’ AND “FreType™ > 1 = |
b |
Cew | Vely | Heb | Load | Sae |
(T =

Figure 6-20—Selecting polygons by their attributes to create a priority ranking for all stands in
Mt. Emily (A), and the selected fields priority (B).

ArcFuels10 Tutorial Supplemental Information DRAFT 160



Shapefile attributes — Calculating the geometric area—

If you want to determine the area of the individual polygons in a shapefile, you can calculate the
area using the Calculate Geometry form. To do this, add an attribute field to the attributes table.
You have four choices: short integer, long integer, double, or float. If you want the precise area,
select double or float. If you are not concerned about the information to the right of the decimal
point, select short integer or long integer, depending on the size of your individual polygons and
your area units; most often a short integer is fine, but selecting long integer is also an option. To
open the Calculate Geometry form (fig. 6-21), right-click on the attribute field you want to
calculate the area to; then, select Calculate Geometry from the menu. Finally, select the Units
you would like for the calculation.

Calculate Geometry _I? _IX
Property: Area ;I
— Coordinate System

% Use coordinate system of the data source:i
|F‘C5: MAD 1983 UTM Zone 11N

{~ Use coordinate system of the data frame:
|F‘CS: NAD 1933 UTM Zone 11N

Lnits: ISquarE Meters [=q m] ;I

™| Calculate selected|tecords anly

Help | QK I Cancel |

Figure 6-21—Calculating the area for all polygons in acres.
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Shapefile attributes — Calculating the X and Y coordinates—

If you want to determine the X and Y coordinates for individual polygons in a shapefile, you can
calculate them using the Calculate Geometry form. The centroid is the geometric center of the
polygon. To do this, first add a double or float attribute field to the attributes table. To open the
Calculate Geometry form (fig. 6-22), right-click on the attribute field you want to calculate the
centroid coordinate for; then, select Calculate Geometry from the menu. Select X Coordinate of
Centroid as the Property type from the drop-down list. Then choose your Units

Calculate Geometry _I? _IX
Property: I‘h Coordinate of Centroid ;I
— Coordinate System

% |Jee coordinate system of the data source::
|F‘CS: MAD 1983 UTM Zone 11M

{~ Use coordinate system of the data frame:

|:.H.-_.' A 1922 1M Fone 111

ol LY £0NE |

o MARLY 1S

Units: II"-"Ieters [m] ;I

[T | aloulate selected records only

Help | 0K I Cancel |

Figure 6-22—Calculating the X-centroid coordinate in meters for a shapefile.

This form can also be used to calculate the X-Y coordinates for points.
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Creating a new shapefile—

You can create new shapefiles in ArcCatalog, or with the Create Feature Class tool
(ArcToolbox->Data Management Tools—>Feature Class—> Create Feature Class, fig. 6-23).
With the Create Feature Class tool, you define the name, location, type (point, line, or
polygon), and projection. The tool will create the new shapefile, and add it to your map. At this
point, there will be nothing to see until you edit the shapefile (see editor information below).

" Create Feature Class -0 x|
Fy
Feature Zlass Location —
I Charcfuelsioutputs E'l
Feature Class Mame
I new_boo;
Geometry Twpe {optional)
| POLYGON =]
Template Feature Class {optional)
[ M=
x
Has M {optional)
| DISABLED =]
Has 7 (optional)
| DISABLED |
Coordinate System [optional) |
| HAD_1983_UTM_Zone_11N [ert r
-
Ok Zancel Environments... | Shl:uwHelp:::: """ |

Figure 6-23—Creating a new polygon shapefile.
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Editing shapefiles — Create a rectangular polygons in a shapefile—

There are many components to editing. Please read the Editor documentation in ArcGIS
Desktop Help for more information about all the editing options that are available. The next few
steps will focus on creating a simple rectangular shapefile that can be used to define the fire
behavior modeling extent of a project.

Go to the Editor toolbar Editor->Start Editing; then, select the new_box layer and click OK
(fig. 6-24).

AlEdito;' [ S ."a' Il]n < | B | EE
s I

This map contains data from more than one database or folder.
Please choose the layer or workspace to edit.

L3 ©F_ch.vat A
3 ©F_fbfmd0.vat

3 © management_allocation

3 < mt_emily

(3 Proads

3 @ slope.vat
3 ® stands.vat
L3 < structures
3 © subarea.vat
3 “© treatment_units )
3 @trt_location.vat

A C:\arcfuels\outputs

Shapefiles | dBase Files

CA @t tvne.vat hd
Source | Type |

L3 Charcfuelsidata Shapefiles | dBase Files

3 c:harcfuelsidatal ArcInfo Workspace

Cancel

About Edting and Workspaces |

Figure 6-24—Starting editing for a specific shapefile.

This will open a new editing window (fig. 6-25). Select the the new_box shapefile, then select
Rectangle under the Construction Tools heading (fig. 6-25).
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[ffConstmction Tools

2 Polyaon
] Rectande
) Circle
Ellipse
Freehand
15 Auto Complete Polygon

Figure 6-25—Editing the new shapefile to make a rectangle.

Using the crosshairs, create the rectangle (fig. 6-26a). To create straight lines, you can right-click
then select Direction, Then, type in the direction you want the line to go while creating your
rectangle (fig. 6-26b).

B Absolute X, Y...
Direction...

Horizontal

Figure 6-26—Creating a rectangular polygon while editing.

To save the new polygon, save your edits (Editor->Save Edits). When you have finished
editing, stop the editing session (Editor->»Stop Editing).

If you do not like the shape you made, select it and hit delete. You can also make multiple

shapes of the same or different types in a single polygon.
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Editing shapefiles — Modifying polygon shapes—
Only a couple editing options will be shown below, but is not all inclusive. There are many
components to editing. Please read the Editor documentation in ArcGIS Desktop Help for more
information about all editing options that are available.

Start an editing session for the new_box shapefile polygon. Select the polygon by clicking on it
with the Edit Tool * .
To divide the polygon into parts, select the Cut Polygons tool . Then draw a line that starts
and ends outside of the polygon to cut it where you want (fig. 6-27). This tool can be used to
divide the polygon in half (A), or into many parts (B). Once your “cutting” line(s) are complete,

double click to cut the polygon (B).
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Figure 6-27—The Cut Polygons tool can be used to cut a polygon in half (A), or multiple pieces

(B).
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To reshape a polygon, the Reshape Feature Tool H_ is used. For this operation only one of the
parts of the polygon can be selected. To add area outside of the polygon, draw the shape starting
within and extending out (fig. 6-28a). To cut out part of the polygon, do the opposite (fig. 6-
28Db).

A

Figure 6-28—The Reshape Feature Tool can be used to extend the area of a polygon (A), or to
clip out part of a polygon (A).

When you are done, remember to save your edits and stop editing.
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Converting a shapefile to a raster—

Some of the functions in ArcFuels require a non-zero raster, rather than a shapefile, to define the
area of analysis (i.e. Build LCP). A non-zero raster is one where the value of the pixel is not
zero. The simplest way to achieve this is to add a short integer field, and calculate the value to be
“1” before converting the file. The Polygon to Raster form (ArcToolbox->Conversion
Tools=>To Raster->Polygon to Raster) is used to complete this operation (fig. 6-29a). For all
the raster data to work together, it must be lined up or “snapped” (fig 6-30), which is set in the
Processing Extent portion of the Environments form (fig. 6-29b). And, it is best when the cell
sizes are all the same.

A RISER|[Y # cnvirooment settings x|
=] . -
Input Feabures ¥ Workspace
joaehen :-J :J ¥ Output Coordinates
Valus fiald
| Non_0 ~] 2 Processing Extent

Output Raster Dataset Extock

‘ Carcfunls\outputsibox :.] [‘:‘CPM —'—J ‘-3 l
Cef assigranent type {optional) ‘.—-EE—
| CELL_CENTER ~

Priarky fiekd (optional) Left I,_RL
[ NorE ~| I
Caletzs (optionsl) [_ecxgom_
1% ‘——, =l Snap Raster
- I Cancel H‘Er—morvnents... l Show Help >> l l'Z:'l,:n;"._ve/s\d.s!5‘1;5:»(-:- L] ‘:'] ;]

IT] Cancal ] shcmﬂdp»‘

Figure 6-29—Converting a polygon to a raster (A), and setting the Environments to snap the
new raster to an existing one (B).

Figure 6-30—Examples of rasters that are not snapped (A), and are snapped (B).

Be aware that even when the Environments are set correctly, the new raster is often not
snapped! This is a GIS quirk that we cannot explain. Be sure to check the raster before
proceeding, or it will likely create an ArcFuels error.

In experimenting, the highest success rate is when you choose to snap to the original raster
rather than one within a layer group file.
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Working with Rasters
Cell size—

If you are unsure of the cell size of a raster, right-click on the name in the ArcMap table of
contents, and select Properties. Go to the Source tab and find the Cellsize (X,Y) information
(fig. 6-31).

2]
General Source | Extent | Display | Symbology | Fields | Joins & Relates |
Property | Value |-
= Raster Information
Calumns and Rows 331, 810
_Dumbas-of Dards ———
— -
§ Celisze (X, Y) 30, 30 /\.
TUncempressed Size __1.02M
Format GRID
Source Type continuous
Pixel Type signed integer
Pixel Depth 16 Bit ;I
[ Data Source |
Data Type: File System Raster = |
Folder: C:\arcfuelsidatal
Raster: stands
=
ok | cowe | iuh |

Figure 6-31—Checking the cell size for a raster.
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Resample cell size—

If the cell size is not what you desire, or is different than the rest of the raster layers, you can
resample the raster using the Resample form (ArcToolbox->Data Management
Tools>Raster-> Raster Processing—>Resample, fig. 6-32). This will most likely be the case
with fire modeled outputs from MTT runs in FlamMap. Realize when you are going from a
larger cell size to a smaller one you are not gaining any more detail, but rather breaking the
larger cells into smaller ones.

M=
=
Inpukt Faskter
[ =
Output Raster Dataset
I Charcfuels\outputstcfl_m_30m B-
Cutput Cell Size (optional)
[ =l =,
Resampling Techingue {optional)
| MEAREST El <
K Cancel Environments. .. | Show Help == |

Figure 6-32—Resample form set up to resample the conditional flame length raster to 30 m cell
size from 90 m.

Extract by mask—

The Extract by Mask form (ArcToolbox->Spatial Analyst-=>Extraction->Extract By Mask)
allows you to clip a raster using another layer (shapefile or raster, fig. 6-33).

A BT o/x]
Input raster :"I
| Demo_datallf_fbfm40 2 Ey‘_l
Input raster or feature mask data
| Demo_dataltreatment_units > E‘]
Output raster
| C:larcfuelsioutputsifuel_mod_mask

b2
oK I Cancel | Envrom\mtsl Show Help >> I

Figure 6-33—Extract by mask form, set up to extract the fuel model raster by treatment units
(A), and the resulting raster (B).
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Reclassify—

Changing the display of a layer is not the same as reclassifying the data. The display properties
are only graphical representations of the data. To be able to further use the data, it needs to be
reclassified. One common transformation is to reclassify flame length data into the hauling chart
categories that correspond to suppression actions. The Reclassify form (ArcToolbox->Spatial
Analyst->Reclass-> Reclassify) is used to complete the reclassification (fig. 6-34). The classes
are set in the Classification form which is opened via the Classify... button.
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Figure 6-34—The Reclassify form (A), and Classification forms (B) are used to create a newly
reclassified flame length raster.
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Combine—

The ability to combine multiple rasters into a single raster makes summarizing data over multiple
rasters easier. This is the case when trying to assign hazard values based on flame length and fire
type. The Combine form (ArcToolbox->Spatial Analyst->Local->Combine) is used to
combine the rasters (fig. 6-35).

A Lioixi| B I
T =] Rowid | VALUE | COUNT | FL_RECLASS | LF_NT_CFA |
Input rasters » 0 1| 44082 0 0|
| ~| n 1 2| 3473 8 1]
2 3| 11555 1" 1
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¥k _cfa B 4 5| 154468 | 171 2|
i] ] 5 & 6114 2|
B 6 71 1818 4 2|
1] ] 7] 8| 7981 171 3|
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i‘ B 8 10| 400 71 1
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< | »]

[ ok | coxel | Envioments...| Showhep>> |

Figure 6-35—The Combine form set up to combine the flame length and fire type rasters (A),
and the attributes table from the combined raster showing the values of both input rasters (B).

The default cell size output is that of the largest resolution. You can change this in the

Environments form.
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Zonal Statistics—

Zonal Statistics are used to summarize your data based on “zone” data. The zone can be defined
with a shapefile, or another raster. The output can be a table, or a new raster. Zone data are any
areas within which you would like to summarize your data. In other words, if you want to
summarize the flame length within your treatment units (zones), use zonal statistics. Zonal
Statistics can also be used to pick the value within a zone which represents the majority.

The Zonal Statistics as Table form (ArcToolbox->Spatial Analyst->Zonal->Zonal Statistics
as Table) will output summary statistics for a raster using another raster or shapefile to define
the zones (fig. 6-36). To see the table created, you need to change the ArcMap table of contents
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Figure 6-36—The Zonal Statistics as Table form, set up to summarize canopy cover by
Stand_ID (A), and the zonal statistics table (B).
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The Zonal Statistics form (ArcToolbox->Spatial Analyst=>Zonal->Zonal Statistics) outputs
a new raster for a single summary statistic (i.e. mean, standard deviation, majority), using
another raster or shapefile to define the zones (fig. 6-36). The majority (most frequent
occurrence) option is useful when trying to assign a single fuel model to a stand.

A DT =10l
Input raster or feature zone data ;l
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oK | Cancel | Environments. ., I Show Help >> I

Figure 6-37—The Zonal Statistics form, set up to create a new raster of the majority fuel model
within each stand (A), the fuel model raster before the zonal statistics (B), and after (C).
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