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Section 1 About the LFTFC User Guide

1.1 Before You Begin

This user guide describes the basic operation of the LANDFIRE Total Fuel Change Tool (LFTFC),
which is used to edit surface and canopy fuel characteristics on a specific site or on large
landscapes to support fire and fuels analysis.

Prior to using the tool, LFTFC users must be familiar with Microsoft Access and basic ArcGIS
functions.

1.2 How to Use this Guide

It is not necessary to read the entire guide to perform a specific task. Once you are familiar with
the basic concepts associated with LFTFC, you can quickly locate commonly performed tasks by
reviewing the headings in the Table of Contents. Then you can refer to the specific section
pertaining to your needs. Whenever possible, screen captures are used to illustrate steps
required to complete a task.

The LFTFC User Guide is not intended to provide step-by-step guidance on the tool’s operation;
rather, its intention is to serve as a reference guide. The LFTFC Tutorial provides basic step-by-
step instructions using a specific management scenario as an example.

1.3 Computer Requirements

Ensure the programs below are installed and functioning properly on your computer. This has
been tested with version 3.5 ArcPro (backwards compatible to at least version 3.4).

e Spatial Analyst extension
e 64-bit Microsoft Access

Users also should ensure they have enough space and adequate permission for storing LFTFC
outputs on their computer. In a March 2026 ArcPro release, Esri got rid of the standalone
ArcCatalog. It is now incorporated into ArcPro and valuable for managing and organizing ArcPro
data layers.

-1-
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Section 2 LFTFC Function

2.1 How LFTFC Operates

LFTFC works through a Microsoft Access database to produce spatial results in ArcPro based on
rulesets devised by the user. These rulesets principally consider Fuel Vegetation Type (FVT),
Fuel Vegetation Cover (FVC), Fuel Vegetation Height (FVH), Fuel Disturbance (FDist), and
Biophysical Setting (BPS) from LF data. Options also exist within the fuel change tool to add
discrete variables in raster format using the wildcard option or by subdividing specific areas for
different fuel characteristic assignments through the BPS raster.

LFTFC adheres to landscape data file standards for use with FARSITE, FlamMap, WFDSS, FSPRO,
and other fire behavior/fire effects programs.

Appendix C has a link to the RMRS Missoula Fire Sciences Lab GitHub Repository, which may be
helpful for using the LFTFC Tool.

2.2 Applications

LFTFC has numerous and diverse potential management applications. Fire and fuels managers
can use LFTFC for planning purposes, fire behavior analysts can use the tool on actual incidents,
and GIS analysts can use it to update national data sets. It can be used to edit surface and
canopy fuel characteristics on a specific site at a local scale or across large landscapes used in
fire and fuels analysis at a national scale. Specifically, LFTFC can be used to:

e Create Canopy Base Height, Canopy Bulk Density, Canopy Cover, Canopy Height,
Canadian Fire Behavior Prediction System Fuel Models, 13 Fire Behavior Fuel Model
(Anderson 1982), 40 Fire Behavior Fuel Model (Scott and Burgan 2005), Canopy Cover,
Canopy Height and GIS raster/tif layers

e Analyze and validate GIS fire behavior outputs

e Help perform routine and recurring database management operations to allow for
progressive manipulation of fuels data during planning efforts, fire incidents, and LF fuel
calibrations

e Display and describe vegetation, ecological processes, and how the data are
incorporated into final spatial products

e Capture local expertise from a wide range of specialists on fire behavior and fire effects
and distribute these data spatially

-2-
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Section 3 Inputs

3.1 Required Input Data

The Management Unit (MU) serves as the basic building block for changing fuel characteristics
in a particular area. The extent of the MU is defined by the user and can be designated by using
coordinates or the intersection of the input raster layers. Five separate LF data product layers
are required to build an MU and run LFTFC: FVT, FVC, FVH, FDist and BPS.

For development and processing within the LF Program, map zones were used as the standard
area for analysis. The default data set was processed by LF map zones and consequently,
rulesets for fuels characteristics that are within the default are set at that extent. The Raster
layers of FVT FVC, FVH, FDist and BPS (all set to the extent of each LF map zone) were combined
for processing.

3.2 Acquiring Input Data

The LF Program has developed nationally consistent data of the spatial themes necessary for
running LFTFC as well as those used in FARSITE and FlamMap. The LF website provides links that
allow the user to download any of the separate spatial data themes (elevation, slope, aspect,
canopy cover, fire behavior fuel model, canopy bulk density, canopy base height, and canopy
height). The five required rasters FVT, FVC, FVH, FDist and BPS must be downloaded from the
website using our full extent download, Map Viewer, or the option of Web Map Service (WMS)
or Web Coverage Service (WCS).

Note: Because LFTFC was developed to process LF data, the classifications of FVT, FVC, FVH,
FDist, and BPS are embedded in the tool’s nomenclature; therefore, other data sets with
different classification systems cannot be used.

These product layers are described briefly below. For additional information on these required
input items, consult the LF website.

3.2.1 Biophysical Settings Models and Descriptions (BPS) Product
Layer

The Biophysical Settings (BPS) spatial product represents vegetation that may have been
dominant on the landscape prior to Euro-American settlement. It is based on the current
biophysical environment and an approximation of the historical disturbance regime. Biophysical
Settings Models and Descriptions (BPS) models are a refinement of the Environmental Site
Potential (ESP) product in that current scientific knowledge regarding the functioning of
ecological processes (such as fire) in the centuries preceding non-indigenous human influence is
leveraged. Map units are based on NatureServe's Ecological Systems classification, which is a
nationally consistent set of mid-scale ecological units (Comer and others 2003). Because LF BPS
map units represent the natural plant communities that may have been present during the
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reference period, they should not be treated as units of existing vegetation. Each BPS map unit
is matched with a model of vegetation succession, and both serve as key inputs to the
LANDSUM landscape succession model (Keane and others 2002). The LF BPS product layer is
similar in concept to potential natural vegetation group product layers produced in conjunction
with fire regime condition class (Schmidt and others 2002) during LF National. The BPS spatial
product is used in LF to spatially depict reference conditions of vegetation across landscapes.
The actual period for this data set is a composite of the historical context provided by the fire
regime and vegetation dynamics models and the more recent field and geospatial inputs used
to create it. The weather data used in DAYMET were compiled from 1980 to 1997. BPS for
CONUS, Puerto Rico and the Virgin Islands, Insular Areas and Hawaii are unchanged from LF
2001 BPS except for updates made to water, barren, and snow classes (additions or removal),
so that not vegetated cover types within the spatial BPS product matches LF existing vegetation
and fuel products. BPS for Alaska was updated in 2023.

Figure 3-1 shows an example value attribute table for a BPS product layer.

B Attributes of bps

| Rowid | VALUE* | counT | BPS_CODE | ZOMNE | BPS_MODEL | BPS_HAME ~
[ i 11| 8464 0 hater A
<] 1] T2 Az o | |Snowice
I 2] 3| 2o7eEz | o | Barren
5| 01| 4o 10010 & |[1810m10 Inter-Mountain Basing Sparsely Yegetated Systems
4 102 1028 10060 1 & |1610080 |Racky Mountain AlpineMontane Sparsely Wegetated Systems
5 103 | 229197 | 10110 16 |[1B10110 |Rocky Mourtain Aspen Forest andWoodiand
B 104  9r7E| 10120 16 [1E10120 Rocky Mountain Bigtooth Maple Ravine Woodiand
7| 105 [123150% | 1016016 |1810180 |Coloradao Plateau Pinvon-Juniper Yoodland
| 106 | 501643 | 10190 & [1810150 [Great Basin Pinyon-Jumiper Woodland
= 107 302 10200 16 |1610200 [Inter-Mauntain Basins Subalpine Limber-Bristlecons Pine Waodland
10 108| 2750 1050016 (1610500 Rocky Mourtan Lodgepols Pineforest =
St | Ed
Recard: 14| 4 1 kK how: | Al Selecked Records (0 out of 42 Selected Options =
e 14] 4 fe| show [l sek { ; 5 )

Figure 3-1. Attribute BpS_model in Value Attribute Table from a BPS layer

Tip: To view an example attribute table, open ArcPro and right-click on any desired layer in the
Table of Contents. Select Open Attribute Table from the menu options.

3.2.2 Fuel Vegetation Type (FVT) Product Layer

The LANDFIRE (LF) fuels vegetation products describe the elements of fuels vegetation for each
LF vegetation production unit. Fuel Vegetation Type (FVT) represents a modified version of
Existing Vegetation Type (EVT). FVT more accurately leverages fuel transition assignments
related to disturbed areas by re-establishing pre-disturbance vegetation. Linking disturbed
areas to pre-disturbance EVTs allows fuel model transition assignments to properly align with
logic developed from Fuels Calibration Workshops, giving more accurate representations during
fire behavior analysis.

FVT was developed using the full suite of LF vegetation releases and the most recent 10 years of
Annual Disturbance products. The FVT product is then evaluated through a series of Quality

-4 -
Total Fuel Change Tool User Guide



Assurance/Quality Control measures ensuring lifeform of the vegetation type assignment
matches the lifeform of associated FVT layers.

3.2.3 Fuel Vegetation Cover (FVC) Product Layer

The LANDFIRE (LF) fuels vegetation products describe the elements of fuels vegetation for each
LF vegetation production unit. This product represents pre-disturbance fuels where disturbance
has occurred during the last 10 years. Fuel Vegetation Cover (FVC) represents a modified
version of Existing Vegetation Cover (EVC). LF 2016 Remap EVC is mapped as continuous
estimates of canopy cover for tree, shrub, and herbaceous lifeforms with a potential range from
0-100 percent. To translate continuous EVC values into fuel model assignments, EVC values
were binned to correspond with the bins for previous LF versions.

FVC was developed using the full suite of LF vegetation releases and the most recent 10 years
of disturbance data. FVC more accurately leverages fuel transition assignments related to
disturbed areas to properly align with logic developed from Fuels Calibration Workshops.

3.2.4 Fuel Vegetation Height (FVH) Product Layer

The LANDFIRE (LF) fuels vegetation products describe the elements of fuels vegetation for each
LF vegetation production unit. This product represents pre-disturbance fuels where disturbance
has occurred during the last 10 years. Fuel Vegetation Height (FVH) represents a modified
version of Existing Vegetation Height (EVH). LF 2016 Remap EVH is mapped as continuous
estimates of canopy height for tree, shrub, and herbaceous lifeforms. To translate continuous
EVH values into fuel model assignments, EVH values were binned to correspond with the bins
for previous LF versions.

FVH was developed using the full suite of LF vegetation releases and the most recent 10 years
of disturbance data. FVH more accurately leverages fuel transition assignments related to
disturbed areas to properly align with logic developed from Fuels Calibration Workshops.

3.2.5 Fuel Disturbance (FDist) Product Layer

LANDFIRE (LF) disturbance products are developed to provide temporal and spatial information
related to landscape change. Fuel Disturbance (FDist) uses the latest 10 years of Annual
Disturbance products representing disturbance year and original disturbance code. FDist is a
refinement of Historical Disturbance (HDist) in LF 2016 Remap to more accurately represent
disturbance scenarios within the fuels environment. FDist development involves a
comprehensive review of disturbance attributes.

Disturbances older than 10 years follow the existing LF protocol for removal from FDist and are
represented by the most recent non-disturbed vegetation. As of 2026, all non-disturbed fuel is
based on LF Remap, which is the newest fuel vegetation available. LF uses FDist in the
development of Fuels products.

-5-
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3.3 Optional Input Data

3.3.1 Wildcard

Wildcard inputs to LFTFC can include prepared fuel raster data such as fuel models or canopy
attributes. Often, rasters built and processed through the tool are brought into a combine with
FVT, FVC, FVH, FDist, and BPS after changes have been made to those layers to set the fuel
data. Any other raster/tif data that may influence the fuel type within an Existing Vegetation
Type (EVT) may also be used. For example, elevation may be used to differentiate lowland fuel
models as opposed to upland areas in the same EVT. Aspect and slope can be included as

wildcard data.

3.3.2 Elevation

The elevation layer represents meters or feet above sea level, and zero values are used for
those areas that are at or below sea level (Figure 3-2).

B8 Attributes of elev 1

EEE

Rowid

-
(=]

1
Record: ﬂﬂlﬁ ¥

VALUE ' | COUNT ~
807 Elevation in

908 7
apa. 19
a0 15
811 | 75
912 22
/N3 21
94 41
s Fai
s 45
N7 =0
g 53
319 48
920 47

4R

melers

BN

Figure 3-2. Example value attribute table of an elevation layer

The Value field must depict elevation in meters or feet above sea level.

3.3.3 Slope

The slope layer has cell values represented by integers, and the units may be expressed in
either degrees or percent (Figure 3-3).
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ll N B 2 BT L B Slope measured in
}--I—E'-- ?f- - . degrees
| 21 2| 29100
i 3 3 25R0E2
mj 4 %| 235335 |
i 5] 5| 214810
mj g B 200281
] a 7 189642
Wl & 5 170818
mj g 9 170233
j 101 10/ 160015 |
mj 11 | 1 | 150197 |
12 12| 140427
mj 13| 13 132515 |
| Record: _4] _4J] i _JJJ

Figure 3-3. Example value attribute table of a slope layer
The Value field must show slope in degrees.

3.3.4 Aspect

The aspect layer must denote slope azimuth in degrees clockwise from the north. Cell values
are represented by integers. Flat areas that lack an aspect are identified by a value of -1 (Figure
3-4).

B Attributes of aspect |Z“E®

| Rowid | VALUE' | COUNT | ~
. l 2aial i Aspect

| S— measured in
9000 | degrees
9027 |

anz

8980 |

sess

9086 |

BE3E |

8857 |

5894 |

BEEE |

8926 |

5903 |

a13s | i3

[ T sl

Figure 3-4. Example value attribute table of an aspect layer

(

WTFS oo matcke
o]

mjmfhim!m=—t

.hsr_.:u!r\_\-—tiu:a-cnimi-q.
Ve e i BraSH BT B Pl |
= mlin s =

w;m;—tet:-:r.n;m

_-.._-.._-.._-.l_-..
T [P ) S e |

The Value field must depict aspect in degrees.
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Note: Integers are used for memory and processing efficiency in LF data, rather than floating
point rasters.

3.3.5 Fire Behavior Fuel Models (FBFM)

LFTFC uses either the FBFM13 characterized by Anderson (1982) or the FBFM40 characterized
by Scott and Burgan (2005). Cells must contain integers denoting the numeric codes of
Anderson’s (1982) models (values: 1 to 13) or the Scott and Burgan (2005) models (values: 91 to
204). Non-burnable fuels must be denoted by values 91, 92, 93, 98, and 99, which characterize
urban/developed, snow/ice, agriculture, water, and bare ground, respectively (Figure 3-5).

VALUE | count | FBFM40 |
91| 20655123 |NB1 |
92| 878071 |NB2
93| 91137577 |NB3

_ 98| 32843174 |NBE [

Fire : 99| 41097359 [NBY :

Behavior |, 101] 200503521GR1 |

S ﬁ 102] 291220173 [GR2 _

103 923414 (GR3

Gindes | 10a] 949235 |GRd
108; 1332!;GRE
107 31|GR7

121|  93321513|G51

122| 429442686 |GS2

123] 162/G83.
| 141 T126056[SH1 |
I 142| 35643806 |SH2 .

Figure 3-5. Example value attribute table for a FBFMA40 layer (Scott and Burgan 2005)

The Value field (FBFM codes) must correspond to the numeric FBFM codes of Anderson (1982)
or Scott and Burgan (2005).

3.3.6 Canopy Base Height (CBH)

CBH is a stand attribute that denotes the lowest height above the ground that has enough
canopy fuel to propagate fire vertically. The CBH product layer is necessary for determining the
transition from a surface fire to a crown fire. Typically, lower canopy base heights increase the
likelihood of torching (in other words, lower heights increase the likelihood of passive crown
fires). The tool requires the CBH product layer units to be meters*10 (Figure 3-6), meters,
feet*10, or feet. A cell value of O characterizes a non-forested setting. Integers are used in LF
data due to memory and processing efficiency. The operations, meters * 100, and meters * 10
are used to keep numbers expressed as integers. CBH is continuous data in 1/10 of meter
increments to 10 meters. All values above 10 meters are grouped into >10 class (value for 10
meters is 100).
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Canopy Base
Height
measured as
meters *10

VALUE | COUNT | CBH M X 10 |
0| 33602786 |NonFaorested
3| 9365706
4] 1353434]
‘ 5| 2765218|
' §| 2002450
7| 3033408|
8| 2972077 |
9] 32826%)|
10 1800547]
11| 1421932]
| 12| 2255477]

Figure 3-6. Example value attribute table for a CBH layer

In this example, the Value field depicts heights expressed in meters*10. Thus, a cell value of
12 corresponds to a 1.2-meter canopy base height. This coding structure is the LF Remap

standard.

3.3.7 Canopy Bulk Density (CBD)

CBD is a stand attribute that refers to the weight (mass) of “available” canopy fuel, both dead
and live, per unit volume of canopy. Available canopy fuel is of a size and type that would be
consumed in the flaming front. FARSITE and FlamMap use CBD to determine the transition
between passive and active crown fire. (See Scott and Reinhardt [2001] for a discussion on the
derivation of crown fire activity.) The tool requires the units of the CBD product layer to be
expressed in kg/m3 *100 (Figure 3-7), kg/m3, lb./ft3*1,000, or Ib./ft3. Cell values are

represented by integers.

Canopy Bulk
Density in
kg/m3**100

=
=
=
e
m

COUNT | CBD KGM3 X |

_1:.|l ke _II |
S =i | S || el |an e o | e

| a5]

33602786 |Mon-Forested
7554293 |
_35361|
345660 |
B2T934

695853
7237461
B512306
2579106
EE30742 |
2993944
7142536
756519
18211583
B5E253 |

[ ao19z1a]

352
827964 |
531
460427 [CBD > =45

Figure 3-7. Example value attribute table for a CBD layer

In this example, the Value field depicts canopy bulk density in kg/m3 *100. Thus, a cell value
of 22 corresponds to a 0.22 kgm3 canopy bulk density. A value of 0 identifies a non-forested

areda.
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3.3.8 Canopy Cover (CC)

CCis a stand attribute that corresponds to the proportion of the ground that is covered directly
overhead by the overstory canopy (that is, the vertical projection of the canopy to the ground).
The CC product layer is used to compute the wind reduction factor attributable to the canopy
and the subsequent wind speed at the mid-flame height. The CC product layer is also used to
modify solar radiance with the fuel conditioning function of FlamMap and FARSITE. The tool
requires that the CC product layer be expressed in percent (Figure 3-8). A cell value of 0
indicates a non-forested setting. The cell values are denoted by integers.

VALUE | count | CC_PERCENT

0] 33602786 |Nen-Forested
Canopy 15| 602080 Tree Cover >= 10 and < 20%
Cover - 25| 2233571 |Tree Cover >= 20 and < 30%
measured in 35| BO16033|Tree Cover >= 30 and < 40%
percent _ 45| 11212487 [Tree Cover >= 40 and < 50%
55| 9B46972 Tree Cover >= 50 and < B0%

| 65| 15168023|Tree Cover >= 60 and < 70%

. 75| 24674085 Tree Cover >= 70 and < 80%
85| 5673897 Tree Cover >= 80 and < 30%
95| 899 |Tree Cover >= 90 and <= 100%

Figure 3-8. Example Value Attribute Table for a CC layer

The value field denotes CC in percent. A value of 0 indicates a non-forested setting. In this
example, CC has been grouped into 10 classes in which the cell value corresponds to the class
mid-point. Thus, a value of 35 corresponds to Tree Cover >= 30 and <40%.

3.3.9 Canopy Height (CH)

CH is a stand attribute that reflects the average height of the overstory dominant and co-
dominant in a stand. The CH product layer along with the CC product layer is used to compute
the wind reduction factor attributable to the canopy and the subsequent wind speed at the
mid-flame height. In FARSITE, the CH product layer is also used for estimating spotting distances
from torching trees. The tool requires the CH product layer units to be in meters*10 (Figure
3-9). A cell value of 0 indicates a non-forested setting. The cell values can be denoted by either
floating point numbers (decimals) or integers.
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VALUE COUNT CH M X 10
0| 33602766 |Mon-Forested

30| 1292135 |Forest I—'E:ghr 16to 5 me1er5
TO| 2690215 Forest Height 5 to 9 rre1Er5 )
Canop-_.l.' 1 1_b: ) 1T-15“DS Fnrest Height El 1|:- 13 mmers )
hEight | 150| 8361567 Forest Height 1310 17 mmers
150| 17457970 Forest Height 1?10 21 melers

GGl 2y ‘ 230 17197939 |Forest m.ghr 21 to 25 melers.
meters *10 | 270| 12654527 |Forest Height 25 to 29 meters
30| 95’6906 Fnreat Height ?9 10 93 migters
EED_ 1:1F-‘.3‘%2 Fnrm*t Hn:-:ghr ?‘1 ||;. 3? s

3590 F909613 Fornst Height T." to 41 melers

-13|:l: 2133 Forest Height 41 to 45 meters

470| 2923_Fnres~l Height 45 to 49 meters
[ 510 7276 |Forest Height = 50 meters

Figure 3-9. Example Value Attribute Table for a CH layer

The value field must depict CH in meters*10. In this example, the canopy heights have been
grouped into 13 classes in which the cell value corresponds to the approximate mid-point of
the class in meters.

3.4 Concepts of Ruleset Development for Fuel Characteristics

3.4.1 Fire Behavior Fuel Model Assignments in LF 2001 Data

The LF data are imagery-driven with plot data used to “train” the imagery interpretation.
Existing Vegetation Type (EVT), Existing Vegetation Cover (EVC), and Existing Vegetation Height
(EVH) derived from this process are the layers primarily used to develop FVT, FVC, FVH, the
layers used to create the primary fuel attributes.

First implemented during production of LF 2016 Remap, a new process was developed for fuel
layers (FVT, FVC, FVH) to better map fuel succession in disturbed areas. This process involves a
new variable called Time Since Disturbance (TSD) and results in differing values between
vegetation type (EVT vs FVT), vegetation cover (EVC vs FVC) and vegetation height (EVH vs FVH),
for a cycle of 10 years beginning with the first year of disturbance on a pixel.

In disturbed pixels, the Fuels Vegetation Type (FVT) will remain as the undisturbed vegetation
type for 10 years. Linking disturbed areas to pre-disturbance EVTs allows fuel accumulation and
succession, as expressed by FBFM40 and FBFM13, to more properly align with expert
knowledge about fire behavior on a disturbed landscape. FVC and FVH differ from EVC and EVH
respectively, through a process which turns the continuous data of EVC and EVH into binned
data for FVC and FVH (See Appendix A).

It's important to remember that disturbed areas time out for fuels-specific adjustments when
the TSD reaches 10 years. Disturbances older than 10 years are considered non-disturbed
vegetation and the type, cover, and height are sourced from LF Remap existing vegetation data.

This triplet of data is further segregated by life form categories: tree, shrub, or herbaceous.
Pixels with less than 10% tree cover are designated as “shrub,” and those with less than 10%
shrub cover are designated “herbaceous.”
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From these layers, fuel specialists can determine life form, species, vegetation density, and
height above ground on a pixel-by-pixel basis. Managers can then use this information to
specify a surface fuel model from the original set of 13 (Anderson 1982) or the 40 Fire Behavior
Fuel Models developed by Scott and Burgan (2005).

3.4.2 Canopy Guide Toggle

Modeled fire behavior is influenced by many vegetation attributes, but in forested areas,
canopy is a particularly important factor affecting fire behavior outputs. A user-defined switch
has been incorporated in LFTFC to describe the effects of canopy. The switch has the following
three numeric settings.

e 0: This setting indicates no canopy on the site. Canopy Base Height (CBH) and Canopy
Bulk Density (CBD) calculations from the LF data sets would be used to indicate the
likelihood of crown fire on the site.

e 1: This setting would be used on a tree life form site where torching and crowning in the
upper strata vegetation is common during fire activity. All four stand attributes (CC, CH,
CBD and CBH) are present and unmanipulated.

e 2: This setting would be used on tree life form sites where torching and crowning are
not likely to occur, such as in some hardwood communities. The mapping tool in this
setting artificially raises CBH to 10 meters and lowers CBD to 0.012 kg/m?3. Torching and
crowning will not occur, but the stand attributes (CH and CC) will be used in the
calculations of surface fire behavior characteristics. The reason for keeping the canopy
attributes in place is to adjust wind speed, shading, and sheltering for surface fire
calculations.

e 3: This setting would be used on tree life form sites where torching would occur, but
active crowning is not likely, such as in mixed hardwood and conifer communities. The
mapping tool in this setting artificially lowers CBD to 0.03 kg/m?, but leaves CBH, CH,
and CC as predicted.

3.4.3 Assigning Canopy Characteristics

In fire behavior modeling, surface fire spread, and intensity combine with the vegetation
attributes CBH and CBD to add torching and active crowning to projected fire behavior. In the
LF data sets, these attributes are calculated by plot data. Several methods for assigning numeric
values to these attributes have been investigated. The current preferred approach is to use a
General Linear Model (GLM) from plot data to describe the CBD and linear regression equations
derived from Forest Vegetation Simulator (FVS) scenario outputs for CBH. (See the LF website
for additional information on metadata).

LFTFC allows users to input expert opinion values for CBH and CBD for their desired forested
areas instead of the prediction.

Note: The GLM method is described in Reeves and others 2009.
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Section 4 Installing LFTFC Toolbar Add-In

4.1 LFTFC Installation

4.1.1 Download

If you have an earlier version of LFTFC installed on your computer, you should uninstall that
version before proceeding with installation of the current version. Refer to Section 4.2 for steps
to uninstall.

Download LFTFC from the LF website at https://landfire.gov/resources/Iftfc .

4.1.2 Install

This has been tested with 3.0-3.5 ArcPro, and more recent versions.

1. Uninstall any previously installed LFTFC toolbars.
a. Refer to Section 4.2 to uninstall.
2. |Installing - Run Setup_ LFTFC_####.bat
a. Make sure ArcPro is closed.
b. Double left-click to run “Setup_ LFTFC_####.bat”.
c. This copies required files to "C:\Landfire\LFTFC_Pro".
d. The black command window will automatically close (approx. 2 minutes).
3. ArcGIS Add-in window opens.
Click Install Add-in.

3 Esri ArcGIS Add-In Installation Utility >

Please confirm Add-In file installation.

+ Active content, such as Macros and Add-In
files, can contain viruses or other security
hazards. Do not install this content unless you

trust the source of this file.

Mame: LFTFC_Pro

Version: 3.0

Author: TobinSmail USDA USFS RMRS FMI
Description: Facilitates editing LF rule sets to create

customized surface and canopy fuel layers for
local applications.

This &dd-In file is not digitally signed.

Install Add-In | | Cancel |
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4. Click OK.

Esri ArcGIS Add-In Instalation Ut... SESE

Installation succeeded.

- —

5. Start ArcPro and LFTFC_Pro are visible in the Add-In tab.

Project Map Insert Analysis View Edit Imagery Share Help Add-In
: Selected MU ¥ 3‘ [Eé & ’Eﬂ J%
Set the Make Delete  View Fuel Make Fuel Make About
project path New MU Selected MU Rules Rasters  Fuel Log LFTFC
LFTFC_Pro

4.2 Uninstall

1. Start ArcPro.
a. Select Project at the top of the screen in the menu bar.
b. Inthe Project menu bar, select Add-in Manager.

Untitled 7 - [m] x

Add-In Manager

Add-Ins Options

Wy Add-Ins +ﬁ

é’ﬁ LFTFC_Pro LFTFC_Pro
Created by: TobinSmail USDA USFS RMRS FMI
Date: 11/27/2023 ©:07:28 AM, 2023
. o Version: 30
20 RS Digital Signature:  None
Target Version: 3.1
Location: CAUsers\ \Documents\ArcGIS\Addins
Portals \ArcGISProN] )

ALFTFC_Pro.esriAddinX
Licensing

Options Facilitates editing LF rule sets to create customized surface and canopy
Shared Add-Ins fuel layers for local applications.
Package Manager

Add-In Manager

Help
About
Learning Resources

" Delete this Add-In
Exit

Learn more about managing add-ins

c. Select LFTFC_Pro Add-In located under My Add-Ins.
d. Click Delete this Add-In.
e. Click Close.
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f. Close ArcPro.
2. Open Windows Explorer.
a. Navigate to the “(C:\Landfire)” directory.
b. Delete the folder named Landfire_Pro.
3. Start ArcPro.
a. LFTFC_Pro toolbar is gone.
b. Close ArcPro.
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Section 5 Quick Start Guide

This chapter will provide a brief overview of the basic steps required to run LFTFC. To learn
more about all tool options, proceed to Section 6. This chapter does not discuss every option
for each step of the process.

The following flowchart shows the basic steps required to run LFTFC (Figure 5-1).

Set working
directory

Copy rules from an MU
or create your

own Evaluate surface fuel and

canopy fuel assignments

Create Raster

Select canopy

Create rasters

Figure 5-1. Steps required for running LFTFC

5.1 Creating Working Directory

To get the best working results, always start with a new ArcPro project.

1. Use the LFTFC toolbar to set your working directory by clicking Set the Project Path

(below).
Project Map Insert Analysis Wiew Edit Imagery Share Help Add-In
o [ R EY]:
Set the Make Delete  View Fuel Make Fuel Make About
project path New MU Selected MU Rules Rasters Fuel Leg LFTFC

LFTFC_Pro
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2. The Browse for Folder dialog box opens (below). Use this dialog box to select the project
folder.

@ Select Folder
< «+ R or.. 3 _LFTFC_Usergu...
Organize + KE
Name Date modified
# Quick access
B LFTFC Project 10/7/2024 10:45 AM

b Box

OneDrive - USDA

B Thi

9 3D Objects
-

Select a project folder or
location for new project.
Select Folder

3. Click Select Folder after specifying a location for your project. If this is an existing
project, this will be your set project directory. If this is a new project, the project folder
is created and the Create Project dialog box opens (below).

4. Use the Create Project dialog box to specify a name in the Enter New Project Name box.

C:\Workspace\_|LFTFC_Userquide\LFTFC_Proj
ect Is missing these project pieces:
\LF_TFC_Taolbar.mdb
- Input Folder
- MU Folder
- OQutput Folder.

Specify a new project name and create a new
project using the default values or import from
another project.

Enter New Project Name

@ Default % Import M Cancel

5. Click the Default button when finished to load the database and necessary folders.

For additional information on default folders, naming conventions, and suggested filing
systems, see Section 6.3.
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Creating Management Unit (MU)

Click the Make New MU button (below) in the LFTFC toolbar to define a Management
Unit.

Project Map Insert Analysis View Edit Imagery Share Help Add-In
B m Selected MU | G_TestData MU - je Eé & ’&J J%
Set the Make Delete  View Fuel Make Fuel Make About
project path New MU Selected MU Rules Rasters Fuel Leg LFTFC
LFTFC_Pro

The Add MU dialog box opens (below).

m Create New Management Unit — O X

Add MU

oroganar rittane [

[ Limit the extent of the MU to the map view display
LANDFIRE INPUT GRIDs or TIFFs

FVT  (Double - Click fo Sef Raster Path)

FVC  (Double - Click to Set Raster Path)

FVH  (Double - Click to Set Raster Path)

BPS  (Double - Click to Set Raster Path)

Wildeard  (Double - Click to Set Raster Path)

Aspect  (Double - Click to Set Raster Path)

Slope  (Double - Click to Set Raster Path)

| |
| |
| |
| |
| FDIST  (Double - Click to Set Raster Path) |
| |
| |
| |
| |

Elevation  (Double - Click o Set Raster Path)

Set MU output raster format
Make
MU e Cancel O GRID @ TIFF

An MU can be defined by Limiting the extent of the MU to the map view display or by
default which uses the intersection of the input rasters.

Note: For detailed information on specifying the extent of your MU, see Section 6.5.
To limit the extent of the map view, click the checkbox under the MU Name field,
otherwise the default is used.

Type a Management Unit Name in the field provided.

Note: The naming convention follows the rules of ArcGIS, which means a layer name
can’t exceed 13 characters.

Input the required data layers (FVT, FVC, FVH, FDist, and BPS) by double-clicking in the
boxes to set a raster path.

Tip: You do not have to load layers in ArcMap first; you can simply double-click in the
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Add MU dialog box to load layers.
Note: All five layer tifs (FVT, FVC, FVH, FDist and BPS) must be in the same projection.

The Wildcard selection is optional but may be useful in some situations. A soils layer or
other tif can be used in the wildcard to help define fuel rules for a special condition. See
Section 6.4 for more information.

6. Enter other optional data layers if desired (Wildcard, Aspect, Slope, and Elevation).

Note: All rasters must be in the same projection.
7. When complete, click the Make MU button.

For additional information on creating an MU, see Section 6.4.

5.3 Working with Fuel Rules

The Fuel Rules window is where the bulk of the modifications are made to spatial data to
prepare them for creation of new fuels layers for fire and fuels analysis. The Fuel Rules dialog
box has many functions and display items. For information on additional options, see Section
6.5.

The following description progresses from general to more specific steps. This explanation
includes the main Fuel Rules page tabs: Ruleset, Compare FM, Distribution Graph, and EVT
Description, as well as the Copy Rule and Add Rule options.

Each EVT has a set of zone-based fuel rules. New rules can be added, edited, deleted, or copied,
see Section 6.5.

5.3.1 View Rules

1. To begin, select the MU you created from the list displayed in the dropdown menu.

Note: MUs appear in alphabetical order in the dropdown menu. Scroll to find the MU of
interest.

Project Map Insert Analysis WView Edit Imagery Share Help Add-In

. Selected MU | Z01_NW22_230 '5
Z02_NW22_230 . =
Set the Make Te e Delete View Fuel Make Fuel Make About
project path Mew MU Z03_SW22_230 Selected MU Rules Rasters Fuel Log LFTFC

£04_5W22_230
Contents Z05_5wW22 230  jo_map X

2. To continue, you will need to copy rules from an existing MU or create new rules.
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3. Click View Fuel Rules from the LFTFC_Pro menu ribbon (below).

Project Map Insert Analysis View Edit Imagery Share Help Add-In
, Selected MU | Z05_5W22_230 ¥ Ll“
~> [ o R IR
Setthe Make Delete  Wiew Fuel Make Fuel Make About
project path New MU Selected MU Rules Rasters Fuel Log LFTFC
LFTFC_Pro

4. The Fuel Rules dialog box opens with the Ruleset page displayed (below).

[ Fuel Rules for MU 205 5W22_230 - 0 X
Order EVT by Filter EVT by
rine. @rmber aiby Tpe Net disturbed

2151[0] Tr California Central Valley Riparian Woodland and Shrubland ~

Ruleset Compare FM Bistribution Graph EVT Description

Add Rule No pixels are left behind.
Ctrl + A

Range of Cover  Range of Height  BPS  Wild FMI3 FM40 CanFM FCCS FLM  C6  CC CH (BD13 (BD4Q (BHI3 CBH40 On/Off  Acres % EVT
J% E%::{:\E 10%-100% Tree 18m-49m Tr.. any any 5 652 /122 9999 9999 0999 .. 9. 9999 0999 9999 0009 On 1850.55 1‘74%5

2 9. 9
DdcRue | 10%-39% Tree 5m-Max Tree any any 5 652/122 9999 9999 9999 2 0. 0. 0999 9999 0990 9999 On 3323223 312%
(S Cul+D | 40%-100% Tree B5m-Max Tree any anmy O  TL8/188 9999 9999 9999 2 9. 0. 9999 9999 9999 9999 On 2726138 25.59%
CopyRule| | 10%-89% Shrub Om-max Shrub any any 5 652/122 9999 0 9999 O 0. 0. 0999 0999 0909 0000 On  44183.62 4148%
Col+C| | 10%-69% Herb  Om-lmHerb any any 5 6S2/122 9999 9999 9999 O 9. Q. 9999 9999 0999 9999 On 0 0%

Tip: Click in the boxes at the top of the columns you are not interested in viewing to
collapse those fields so you can more easily view the columns of interest.

5. (Optional) In the Fuel Rules dialog box, add a New Session Name in the field provided.
This will be used to track changes in the fuel rules as they are edited.

6. Use the dropdown window to select an appropriate Fuel Vegetation Number and Name
(above). This selection allows the user to go directly to the desired FVT and provides
information on the dominant species present and type of vegetation that occupies the
site. See EVT Description tab in Section 6.5.5 for additional information.

Note: The Pixels Left Behind label appears green (above) when no pixels are left behind.
If rules do not account for all pixels or the rules overlap, the label appears red indicating
the number of missing pixels (below).
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B Fuel Rules for MU Z05_5W22_230 - o X

Order EVT by Filter EVT by
e @ Nt iy Type - Not disturbed

2151[0] Tr California Central Valley Riparian Woedland and Shrubland v

Ruleset Compare FM Distribution Graph EVT Description

Add Rule
crixA Range of Cover Range of Height Wild Fmi3 FM40 CanFM FLM CBH13 C(CBH40 On/Off Acres % EVT
J Ef:‘:,ﬁflg 10%- 100% Tree 18m-49m Tr.. any B 652 /122 9999 9999 ... . 9999 9999 On 185055  1.74%
Delete Rule 10%-39% Tree 5m-Max Tree any 652 /122 9999 0009 9000 0099 On 3323223 31.2%
M Cirl+D 40%-100% Tree 5m- Max Tree any TLe /188 9999 9999 9999 9099 2726138 25.59%
Copy Rule 10%- 69% Herb 0Om- Im Herb any 652 /122 9999 9999 9009 9999 0 0%
EalsE 10%- 89% Shrub Om-max  Shrub any 652 /122 9999 0009 9999 9999

7. Next click a Fuel Rule button (below) from options: Add Rule, Edit Rule, Delete Rule,
Copy Rule. Each fuel rule opens a dialog box requiring user input. See Section 6.5.4 for
more information.

5.3.2 Copy Rule
1. Click Copy Rule to copy rules from another MU.

Add Rule
Ctrl + A

Edit Rule

Ctrl + E

I Delete Rule
;1'_ s h Ctrl + D

Copy Rule
Cirl + C

2. The Copy Rules dialog box opens (below).

]
Copy from MU Existing Vegetation Number and Name 1o be copied
~| 2151[0] Tr California Central Valley Riparian Woodland and Shrubland
% Ta g oncel Copy all rules inthis MU or just this EVT Copy to EMPTY rulesets or ALL rulesets Copy all rules ON and OFF or just ON
Rules i mai (®) Copy MU () Copy EVT (®) Copy to EMPTY () Copy ta ALL (@ Copy ON and OFF () Copy OM

3. Use the dropdown menu at the top left of the Copy Rules dialog box to select an MU.

4. Use the radio buttons to select whether to copy all the rules from the selected MU or to
copy only the ruleset from the selected MU and Existing Vegetation Type (EVT). (Copy
MU or Copy EVT).

Note: Use the dropdown menu under Existing Vegetation Number and Name to be
copied to specify an EVT if Copy EVT is selected.

5. Use the radio buttons in the middle to copy rules into only the EVT rulesets that do not
already have rules or copy all the rules even if rules already exist in the rulesets. This
helps rulesets from getting duplicate rules. (Copy to EMPTY or Copy to ALL)
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6. Use the radio buttons at the far right to specify if you would like to Copy all rules turned
on and off (Copy On and Off) or only those rules that are turned on (Copy On).

7. Click the Copy Rules button to continue.

8. To verify that you want to copy all On and Off rules, click Yes.

Are you sure you want to copy all ON and OFF rules
in management unit Z01_MNW22_230
only where rulesets are EMPTY?

9. Close the Copy Rules dialog box. (It does not automatically close.)

5.3.3 Add Rule

A similar process is followed to add a rule.

1. Click Add Rule.

Add Rule
Ctrl + &

Edit Rule
Ctrl + E

I Delete Rule
ﬂ'__ ! Ctrl + D

Copy Rule
Ctrl + C
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2. After clicking Add Rule (or Edit Rule), the Add and Edit Rules dialog box opens (below).

[¥5 Add and Edit Rules — m] X

Rule Descriptor

Select Descriptor Type On/Off Range of Cover Range of Height
(®) Limited () Unlimited

On ~| | T10% ~| |-B9% Tree ~ | T18m ¥ |-329m Tree -~

Biophysical Setting Name and Model

any >
Wildcard

any >

[ Allow CUSTOM FM and MIXING of 13 and 40 Surface Fuel Associated With Above Rule Descriptor

Fire Behavior Fuel Models, Anderson 13 (FBFM13)

9999  Nathing Assigned ~
Fire Behavior Fuel Models, Scott and Burgan 40 (FEFM40)

9999  Naothing Assigned ~

Canadian Fire Behavior Prediction System Fuel Types (FBPS FT)

9999 No Assignment ~
Fuel Characteristic Classification System, Otimar (FCCS)

9999 (9999) Mo Assignment ~

Fuel Loading Models, Lutes (FLM)
9999  Nathing Assigned ~

Canopy Fuel Associated With Above Rule Descriptor
Canopy Fuel Guide (CG)

9999  Nothing Assigned v
Cover Height Midpoint Mx10 CBDI3x100  CBDA0x100 CBH13x10 CBH40x10
0999 | (9999 > |9999 | |9999 | \9999 | |9999

Save ¥
@ Rule .}_73 Cancel

3. Select a Descriptor Type.

Note: Selecting Limited keeps the user from creating illogical combinations that the data
do not support. Selecting Unlimited gives the user all combinations of cover and height
in all life forms whether they exist in the data or not.

4. Toggle the rule descriptor On or Off using the dropdown menu.

Modify other fields as needed.

6. Click Save Rule.

b

Edit Rule and Delete Rule options are also available, see Section 6.5.4.

5.4 Evaluating Surface and Canopy Fuel Assignments

Next, evaluate surface and canopy fuel assignments.

1. Open the Fuel Rules dialog box to the Ruleset page. Use the dropdown menu to select
and highlight EVTs to account for all pixels.

-23-
Total Fuel Change Tool User Guide



2. Select the Compare FM tab to compare the required CBH needed for torching and active
crown fire initiation (below).

Eé Fuel Rules for MU z01_NW_RM13 — O x
Order EVT by Filter EVT by
OMame @ Number | Al by Type v ‘Nzw Session Name Not disturbed
2035[0] Tr North Pacific Dry Douglas-fir(-Madrene) Forest and Wooedland v
Ruleset Compare FM Distribution 6raph EVT Description
| ROS or FLL % Dead Moisture % Live Moisture o Slope Compare fuel models
e OROS(ch/hr) @ 345 ® 30 Hrb; 60 Wdy P P
O LY 0678 Q60Hrb: S0wWdy (@~ |D v |None ~|None ~|None -
Jg_,, [@EATAI O 90 Hrb;: 120 Wdy Eé{:ustom
?&f @ FL+ CBH(fY) 121314 () 120 Hrb: 150 Wdy i
ik
[ o]
30 80 —_— 5
4 CBH_S
60 60
=
o
8=
5
E 40 40 g %
= =
=3
z
20 |
.___,...-db--"""
--"""""'"-d
/r’g_...o-"‘
0 —t—T T T T T T T T T 1]
0 2 4 6 8 10 12 14 16 18 20
MidFlame Wind Speed. Upslope (mifhr)

3. Select the Distribution Graph tab to view the height of the vegetation by cover and the
number of acres present in the selected FVT within the defined MU (below).
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B Fuel Rules for MU Z05_5W22_230 - ] X

Order EVT by Filter EVT by
O Name @ Number | Al by Type v| [New Session Name Not disturbed
2151[0] Tr California Central Valley Riparian Woodland and Shrubland -

Ruleset Compare FM Distribution Graph EVT Description
= Biophysical Setfing Name and Model
L ]

EI% Wildcard
M ‘o.ny o |

Show lines of canopy fuel that represent the EVT and disturbance select

flgh (@ None () Caropy Cover (O Canopy Height () Caropy Base Height () Caropy Bulk Density
50000 Pre-disturbance Height
T29 325m
45000 B T 25 22.9m
B T 21-245m
, 40000 T 17-208m
z B T 13- 16.8m
£ 35000 T 128m
E T 5 29m
< 30000 T 1.2 49m
2 B S 3 max
& 25000 S 3m
% . S05-1m
E 20000 S0-05m
& 15000
2
10000—
5000—
<D7

% 15 25 35 45 55 65 75 &b 95

Pre-disturbance % Cover

4. Select the EVT Description tab to display an ecological description. This NatureServe
website (https://explorer.natureserve.org/) serves as the basis for all LF EVTs.

See Section 6.5 for more information on Fuel Rules.

5.5 Making Fuel Rasters

Next, create the raster menu.

1. With the LFTFC_Pro_map tab selected, click Make Fuel Rasters on the LFTFC_Pro ribbon

(below).
Project Map Insert Analysis View Edit Imagery Share Help Add-In
E Selected MU | Z05_SW22_230 “ 3‘ Eé & E /J J%
Set the Make Delete  View Fuel Make Fuel Make About
project path Mew MU Selected MU Rules Rasters Fuel Log LFTFC
LFTFC_Pro
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2. The Fuel Rasters dialog box opens with the GRID Selection tab open (below).

.Y - O x

GRID Selection  Canopy Options
Make b Set raster output format
IE Y Cancel
Rasters| |40 (O GRID ® TIFF

Surface Fuel
[JFBFM 13

FRFM 40  |testFM40

[]FBPSFT
[]Fces

] FLM

Canopy Fuel
[ Guide

Cover |Jf25fCC |

and
Height |T25TCH |

C1CeH 13

CBH 40 |T25TCBH |

jceb13

CBD40  |testCBD) |

w

Name and create fuel layers.
Check all the fuel layers you would like to include.
5. Enter a name for the fuel layers in the boxes provided.

B

Note: After the boxes are selected with a check mark, the associated box for naming the
layer is enabled.

See Section 6.6 for more information on Fuel Rasters.

5.6 Selecting Canopy Options (optional)

1. After selecting the Make Fuel Rasters option on the LFTFC_Pro ribbon menu, click the
Canopy Option tab (below).
a. The Canopy Options tab allows you to make changes to the canopy layers in
three ways:
i. (Default) Use rules that are not coded as “9999”, indicating no data, in
the rulesets to overwrite the predicted value.
ii. (Default) Use built-in adjustment equations for CC and CH in
disturbances.
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iii. Use a coefficient by which to multiply.
2. Complete the Canopy Options tab by checking the appropriate boxes.

GRID Selection  Canopy Options

Canopy Cover (CC)
Also use rule values that are not 3932
Use built-in CC adjustment equations for disturbances.

Use with vegetation GRIDs that have not been adjusted to reflect
changes caused by disturbances. (LF 2016 REMAP FVT, FVC, FVH)

[ multiply by 1

Canopy Height (CH)
Also use rule values that are not 3299

Use built-in CH ad justment equations for disturbances.
Use with vegetation GRIDs that have not been adjusted to reflect
changes caused by disturbances. (LF 2016 REMAP FVT. FVC, FVH)

[ Multiply by 1

Canopy Base Height (CBH) plot based Napali

Also use rule values that are not 399

[] Multiply 13 and 40 by 1 and |1

Canopy Bulk Density (CBD) plot based SLM Thompson

Also use rule values that are not 9398

[ Multiply 13 and 40 by I and 1

See Section 6.6 more information on Canopy Options.

5.7 Making Rasters

1. When selections are complete, click Make Rasters (below).

.Y - O X

GRID Selection  Canopy Options

Make Set raster cutput format
I: Cancel
Rasters | v i) GRID @) TIFF

Surface Fuel

Tip: Outputs are finished individually, so be patient.
2. Go to your project folders to view outputs.
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5.8 Adjusting Rulesets

At this point, you can adjust rulesets if necessary. If changes are needed, go back to the rules,
make your changes, and then recreate the rasters/tifs.

5.9 Evaluating Outputs

Finally, evaluate your outputs. Your edited outputs should better reflect expected fire behavior
and fuels characteristics for your area.
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Section 6 Using LFTFC_Pro

6.1 LFTFC_Pro Add-In

Figure 6-1 shows elements of the LFTFC_Pro Add-In. The down-arrow on the toolbar is the
Selected (MU) dropdown menu, which allows the user to select a MU once the project is set up

(Figure 6-2). MUs can be as large as an LF map zone or as small as an initial fire incident that a
user would like to calibrate and analyze.

Project Map Insert Analysis Wiew Edit Imagery Share Help Add-In
o E Selected MU | Z01_NW22_230 rl¥ﬁ Eé m l&l J%
Setthe  Make Z02_Nwi22_230 | Delete  ViewFuel Make Fuel Make About
project path Mew MU Z03_5W22 230 Selected MU Rules Rasters  Fuel Log LFTFC
204 5WwW22_230
Contents F05_SW22_230 _ jo_map >

Figure 6-1. LFTFC_Pro’s Management Unit selection dropdown menu

The Make New MU button allows the user to select an area of interest, input the required data
layers, and clip all the layers to the specified rectangle.

Project Map Insert Analysis Wiew Edit Imagery Share Help Add-In
: Selected MU | G_TestData_MU v L&
-~ 4 fs
Set the Make Delete  View Fuel Make Fuel Make About
project path New MU Selected MU Rules Rasters Fuel Log LFTFC
LFTFC_Pro

Figure 6-2. LFTFC_Pro’s Make New Management Unit button

6.2 Creating a New Project
1. Start ArcPro and click Start without a template.

MNew Project

= & A& (A

Map Cataleg Global Scene Local Scene

Start Start without a template

6.3 Workspace Settings

Creating an organized filing system is an important first step. We suggest creating a directory
titled LFTFC_Projects on a convenient drive.
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1. To create a directory, select the dropdown menu on the LFTFC_Pro Add-In and click Set

the project path (below).

Project Map Insert Analysis Wiew Edit Imagery Share Help Add-In
> B B KB
Set the Make Delete  View Fuel Make Fuel Make About
project path New MU Selected MU Rules Rasters  Fuel Log LFTFC
LFTFC_Pro

2. Adialog box opens.

3.

@ Select Folder
& = v 4 > ThisPC > 0S(C) > Workspace

Organize New folder BE- @
B External DoD V  — Date n
B9 External Pyrol

B FtStewart_TLS_
ublic_LFRDB_LF2.0.0

g RD_3D_Fuels_h

B UM

e gramming

Folder:

Select your LFTFC_Projects folder and click Select Folder.

4. A Create Project window opens (below), allowing you to import data from previous

5.

projects or create a project workspace.

To create a project workspace, enter a name for the project and click the Default
button. The tool will build a workspace folder under the LFTFC_Projects directory in the
name you specified.

Note: A raster name can be no longer than 13 characters according to ArcPro naming
convention rules.
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y Create Project — O s

C:\Workspace\LFTFC_Projects Is missing
these project pieces:
\LF_TFC_Toolbar.mdb
- Input Faolder
- MU Folder
- Output Falder.

Specify a new project name and create a new
project using the default values or import from
another project.

Enter New Project Name

Projectl

@ Default % Impart M Cancel

Note: Click the Default button to continue, use the Import button to load an existing
project, or click Cancel to close the Create Project dialog box. A new map is added to the
ArcPro view called LFTFC_Pro_map and a notification box will pop up letting you know
that a folder connection has been created. This allows for faster access to your project
when navigating in ArcPro.

The new workspace folder (below) will contain the Input, MU, and Output folders. These
folders are used to store your work as well as the Microsoft Access database, which is
populated with the LF default fuels characteristics.

'™ = | Project - O X
Home Share Wiew 0'
&« v <« Data(D:) » Data » Working » LFTFC_Projects » Projectl » v @ Search Projectl pe

Workspace_Program 2 Mame - Date modified Type
[ This PC Input File folder
J 3D Objects MU File folder
I Desktop : Output File folder
| Documents LF_TFC_Toolbar.mdhb Microsoft Access ..
; Downloads

The selected MU dropdown menu is populated in the LFTFC_Pro Add-in

(“201_NW22 230" below). The LF map zone is indicated (“z01”) as well as a designation
that the information is for the LF Northwest Remap 2019 fuel characteristic data
(“NW_RM19”).

As new projects are developed, additional folders can be added to the LFTFC_Projects
directory or new project folders can be created to further organize complex analyses.
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Project Map Insert Analysis View Edit Imagery Share Help Add-In

& D Selected MU | Z01_NW22_230 [I% [Bé & E‘J J%_

Set the Make LSRR Delete  View Fuel Make Fuel Make About
project path MNew MU Z02_NW22_230 Selected MU Rules Rasters Fuel Log LFTFC
Z03_SW22_230
Contents Z04_SW22_230 .

6.4 Management Units (MU)

An MU is the basis for changing fuel characteristics for a particular area. The extent of the MU is
user-defined and can be designated by the map view or by the intersection of the input raster
layers. Once the appropriate raster layers are combined through the Make New MU function,
the user can modify the fuel characteristics of the surface fuel model and canopy attributes as
well as Fuel Characteristic Classification System (FCCS) or FLMs (Ottmar and others 2007; Lutes
and others 2008). After modifications are complete, new fuel model and canopy attribute
rasters can be processed for use in analysis.

Note: The default data set includes MUs created for all LF map zones. These zones exist only in
relational Microsoft Access database form and not as spatial rasters in the MU folder. As new
MUs are created, they will consist of a combined raster of the layers from the LF data set, and
any optional raster layers the user inputs into the wildcard. They will reside in the MU folder.

1. Zoom to the view of your desired MU. This will give you the option in the next couple of
steps, if you choose, to limit the extent to this view or use the extent of the input rasters
that make up the base data.

2. Click the Make New MU button (below).

Project Map Insert Analysis View Edit Imagery Share Help Add-In
. Selected MU | G _TestData MU v ’I&
4 f
Set the Make Delete  View Fuel Make Fuel Make About
project path New MU Selected MU Rules Rasters Fuel Log LFTFC

LFTFC_Pro

w

The Create New Management Unit dialog box opens (below).
4. With the Add MU tab selected, enter a Management Unit Name

The naming convention used to specify an MU in the first box follows ArcPro rules. The
raster name cannot exceed 13 characters or include any special characters.

Note: The Set Project Directory dropdown selection sets the name of the path, but you
will still need to name the file here in the Create New Management Unit dialog box. The
file will be in your MU folder.
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10.

[ create New Management Unit = a X

Add MU

Management Unit Name

[ Limit the extent of the MU to the map view display
LANDFIRE INPUT GRIDs or TIFFs

FVT  (Double - Click to Set Raster Path)

FVC  (Double - Click to Set Raster Path)

FVH  (Double - Click to Set Raster Path)

BPS  (Double - Click to Set Raster Path)

FDIST  (Double - Click to Set Raster Path)

Wildecard  (Double - Click to Set Raster Path)

Aspect  (Double - Click to Set Raster Path)

Slope  (Double - Click to Set Raster Path)

Elevation  (Double - Click to Set Raster Path)

: 7 Set MU output raster format
Make —
MU e Cancel ) GRID O TIFF

LFTFC_Pro clips all rasters to the view extent if the “Limit the extent of the MU to the
map view display” box located near the top of the screen is checked.

Check the Limit the extent of MU to the map view display box to clip all the rasters to
the extent of the zoomed in map view.

Uncheck the Limit the extent of MU to the map view display box to clip all rasters to the
extent the smallest required INPUT RASTERS or TIFFs.

Input required rasters (FVT, FVC, FVH, FDist and BPS) by double-clicking in the
associated boxes to set a path.

Note: All rasters must be in the same projection.

Wildcard is an optional category that allows extra flexibility for the LFTFC_Pro user. For
example, as discussed in Section 5, Wildcard can be used in instances where a project
boundary extends across several map zones. To facilitate ease of processing, the user
can create the MU with required rasters by map zone. The boundary raster then can be
used as a wildcard to define the area of interest.

To use this option, double-click the Wildcard button to add a wildcard raster.
Aspect, Slope, and Elevation layers are also optional. Double-click those buttons to add

rasters, if desired.

Note: Recall that all rasters must be in the same projection.
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6.5 Fuel Rules

LFTFC’s Fuel Rules function offers many features and is where the bulk of the modifications to
spatially displayed data are made. The following section includes descriptions of components
and available options for: Fuel Rules, Column headers, Tab indicators, Fuel Rule sheets (page
tabs), and Rule inputs.

The FVT, FVC, and FVH comprise existing vegetation for non-disturbed and pre-disturbance
vegetation for disturbed areas. A fuel model can be assigned to represent how much fuel would
describe the fuel bed by vegetation type: life form (Herb, Shrub, Tree) cover, height, biophysical
setting, and any optional layer that may be used. In disturbed areas the pre-disturbance
vegetation helps fuel specialists assign fuel rules by informing how much fuel was acted upon
by the disturbance. For example, if a disturbance is blowdown, it is helpful to know the pre-
disturbance vegetation type, tree cover, and tree height so a fuel model can be assigned to
represent the type and amount of tree loading on the ground.

1. Click the View Fuel Rules button (below).

~ D Selected MU | Z01_NW22_230 v EI% Eé m L&J J%

Set the Make Delete View Fuel | Make Fuel Make About
project path ~ New MU Selected MU Rules Rasters FuelLleg LFTFC

LFTFC_Pro

2. Fuel Rules screen opens with the Ruleset page displayed (below).

Eé Fuel Rules for MU Z01_NW22_230 = a
Order EVT by Filter EVT by .

O Name @ Number Al by Type  ~ New Session Name Not disturbed

2035[0] Tr North Pacific Dry Douglas-fir(-Madrone) Forest and Woodland

Ruleset Compare FM Distribution Graph EVT Description

'Ct:rwg No pixels are left behind.

J Edit Hule Range of Cover  Range of Height BPS Wild FMI13 FM40 CanFM FCCS FLM €6 CC CH CBDI3 CBDA0 CBHI3 CBH40 On/Off  Acres % EVT
@n Ctrl+E

10%-49% Tr.. 18m-49m Tr. amy any 6  GS2. 9999 9999 9999 1 Q. 0. 09999 0999 9999 999  On 9852  0.15%

lete Huls
TS0 | 10%-49% Tr. Bm-Mox Tree any oy O TLB.. 9999 0999 9999 1 0. O. 0999 0999 9999 0099  On 497141 T7.55%
opy Hule | 50%-100% T.. 18m-Max Tr.. amy any O  TL8.. 0099 0909 0099 1 0. O. 0090 0000 0990 0090  On 607736 023%

Cirl +C

LFTFC users will spend most of their time working with this screen. Rulesets used to modify
surface and canopy fuels are accessed here. The default data set loads with fuel rules for the
surface fuel models that were developed through the LF Program and LF calibration meetings
with local fuel experts.

The default data set is selected by pointing to its folder through “Set Project Directory” (see
Section 6.4). The database starts with fuel rules by EVT for all the LF map zones. Rulesets for all
the EVTs in the selected map zone (LF Map Zone 01 in this example), become available to view
or edit in the Fuel Rules screen.
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There is a wealth of information within the default rulesets. Many users work with the Fuel
Rules screen just to ensure that they understand the existing default rulesets before opting to
make any modifications. A user should have good documentation and adequate reasons before
making any changes to these rulesets.

Once you have determined that the rulesets within the default data set will suffice, or you have
decided to make an MU with a revised set of rules or modify the existing ruleset in the default
data, you can begin to work with LFTFC’s Ruleset screen.

Note: Notes can be added or edited by entering a session name at the top of the window,
selecting a rule and clicking in the bottom section of the Fuel Rules page. (Figure 6-3)

% Fuel Rules for MU Z01_NW22_230 - (m] X
Order EVT bv Filter EVT bv.
O Name @ Number  Allby Type | Editing notes Not disturbed

2035[0] Tr Nerth Pacific Dry Douglas-fir(-Madrone) Forest and Weodland ~

Ruleset Compare FM Distribution Graph EVT Deseriptien
id Hule

Cirl +A No pixels are left behind.
J Edit Hule Range of Cove Range of Heigh Bp Wild A M40 CanFm M H Bh BHAO BH B 0 Acre: ¥ EVT
SOl [70%-40% Tr.. | L6m 49m  Tr.| any | any | 6 | 652..] 9999 | 9999 |9999] 1 | 9. 9. | 9999 | 9999 | 9999 | 9999 9852 | 0.15%
T oo T el Tree ay a0 TEL 0000 D900 0000 T T
=]

Jopy Hule 50%-100% T.. 18m-Max Tr.. any any 9 TL&.. 09999 0090 900Q 1 Q.. Q.. 9999 9000 0900  QQQQ On 607736 923%
Ctrl+C

I Editing notes: Copied rule from MU - z01_tsdl_v22_Less I

Figure 6-3. Editing notes on Ruleset screen

To summarize, several general options are available at this point:

e If the default data set is reviewed and determined to be usable with no further
modifications, a raster of the 13 or 40 FBFM and rasters of canopy attributes (see
Section 3) can be made for use in fire potential and simulation software such as FARSITE
or FlamMap (see Section 6.6).

e [f the edits are made to the default database (see Section 6.5.4), then rasters of the
FBFMs and/or canopy attributes can be made. See Section 6.6 for additional
information.

e [f an MU was created for developing rulesets for fuel characteristics when the MU is
selected in the MU window (no fuels layer is added in as a wildcard) and the View Fuel
Rules selection is made on the LFTFC toolbar, the Fuel Rules window will open.

A “9999,” indicating that there are no data, will be visible where all the ruleset information
should be displayed. At this point, the user will need to copy a rule (“Copy Rule”), create a rule
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through editing (“Edit Rule”), or add a rule (“Add Rule”) for the FVC, FVH, FDist, BPS, FBFM, and
canopy attributes for each ruleset in each FVT desired in the MU.

Note: Other options for editing rules exist and can be found by clicking the values of existing
rules. However, the options described above represent the most common functions in current
use.

6.5.1 Fuel Rule Header Selections

Header selection components (Figure 6-4) at the top of the Fuel Rules page are described
below.

How rules are Editing session ) i ]
Heading € Disturbance information

— sorted/ description
Order EVT bv Filter EVT bv \ \

(0 Name @ Number Al by Type  ~ Editing notes Neot disturbed

2035[0] Tr Nerth Pacific Dry Deouglas-fir(-Madrone) Forest and Woodland

Vegetation type number and name

Figure 6-4. Fuel Rule page headers

e Heading: Displays Fuel Rules for the MU the user is viewing.

e Session Name: Displays the notes for each rule so you can determine when changes
were made.

e Fuel Vegetation Type Number and Name: Displays FVT number and name in a
dropdown window that allows the user to go directly to the desired FVT. The FVT
informs the user of the dominant species present as well as the type of vegetation that
occupies the site. See Section 6.5.5.4 for additional information.

e Disturbance information: Type of disturbance, severity of the disturbance, and time
since the disturbance.

6.5.2 Column Headers

The Fuels Rules box (Figure 6-5) is set up in spreadsheet design so that column headers can
collapse and expand as needed (Figure 6-5 and Figure 6-6). One of the primary functions of this
tool is to enable the user to highlight a row field and then select the Edit Rule button to make
changes to any of the attributes describing the fuels. When the row is highlighted, a text box at
the bottom of the window opens, indicating any recent editing actions involving that rule.

Modifications are made by changing values directly in the boxes displayed. See Section 6.5.4 for
additional information on how headers are modified as rule inputs are developed.
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[ Fued Pastes Soe MU 207 WM & & I
Crder EVT by Filter EVT by

OMame @ Mmber | gl by Type »  MNew Sersion MNome Mot disturbed

2035[0] Tr Marth Pacific Dry Deouglos-fir(-Madrone) Ferest and Wesdland =

Ruleset Compere FM Digtribution Graph EVT Deseription
st 1o plrelz re et ehind.
A
J — Ronge of Cover  Ronge of Heignt 6P| wild | Fns g0 [cenFm Focs FLM ) 6 JCC CW CBDI3 CBD4D CBMI3 CBHO OwOFf] Aoces S EVT
a1 2

e TR T e TSmOt oy oy § B B W W T L L W B BT O O, s OI%
= I0%-49% Tro Sm-Max Tree amy  any 9 Tb_ 9999 9900 9999 1 9. 9. 909 099G 9999 9009 On 476637 756%

PEERD s ioon T e T n SHTAT 9233%

= _u ll Tip: Click in the boxes at the top of the columnsyou |

[ Fusl Rules for MU 201_NW_RM19 (m] ® |

are not interested in viewing to collapse those fields |

Owder EVT by Filter EWT by

(i Mame () Number v g -
e =1 to more easily view the columns you do wish to work |

2035[0] Tr Marth Pacific Dry Douglas-fin B B . =

with. You can also resize the rule set headings or the

Ruleset Compare FM Dist

Fed Flule Mo pixels are left behind,
Cri=A
Range of Cover  Ronge of Height 8P []emis  Fmao [ ¢ Acres  REVT
Edit Ruls &
J TiisE | 10%-49% Tree l8m-49m Tree oy 6  652/122 1 6283 0%
. Ti
Fida 10%-49% Tree 5m- Max ree  any o TLE / 1EB 1 476637 T5E%
A Cwl+D 50%- 100% Tree LBm-Max Tree any 10 TL8 f 1BB 1 BB1TE.T 9233%

Figure 6-5. Collapse/expand column headers

[ I.E Fuad Ruless fge MU ,'\]'_N’J\r_FP.H'— = G % 1
Order VT by (.l'r.r(ln'_-bf

|CoMame ) Mumber | a1 by Type: «  |Mew Seegion MName Met dietorbed

|zn35[a] Tr Marth Pacific Dry Douglas=fir{-Madrene) Ferert and Weodlend -

Rulese? Compare FM Distribution Sraph EVT Description

& e ke M piakls arg lef T Buthind,
Cwl+i
Ronge of Cover  Ronge of Height  BFS  Wild  FMLY Fas0  ConFlh FOOE FLM e L {H CBDIY C[BO40 CBHLY CHAS0  Onfoff Acres % EWT

J f-f:;::l: H%-40% Tro 18m-40m Tr. ary oy & [-r 1 B P TS 9009 e D Oey &2.83 Gll%
o oy H%-49% Tro Bm-Max Tree amy any e Te 090 909e 9w 1 P B 0RR 9009 GPRD SRR O ATo837  T56%
L= e SOE-100% T. lBm-Max Tr. amy ofy I TME. 00 D000 OO 1 - o 9009 D00D  0EOD MDD Oa s2ITar  92.33%
=]
T+ C

Drag this corner to resize the window
for bettervisibility.

N

Figure 6-6. Display options

Main column headers are described below.

e Range of Cover — Cover ranges used to determine fuel characteristics are based on the
pre-disturbance vegetation cover depicted in the pixel. Life form cover provides
information that can help determine the surface fire behavior fuel model based on
various groups of covers and provides insights into CBH and CBD in the vegetation’s
canopy attributes.
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e Range of Height — Height ranges are used to determine fuel characteristics based on the
pre-disturbance vegetation height depicted in the pixel. Life form height provides
information that helps determine the surface fire behavior fuel model based on various
groups of heights and provides insights into CBH and CBD in the vegetation’s canopy
attributes.

Example: Mixed Conifer Woodland = FVT (2022, z02); from 10-39% closure (open); O-
max height; tree life form; any BPS; FBFM 6; FBFM40 GS2. In the first set, the rule
implies Mixed Confer woodland in this map zone, and if it is open, shrubs or
regeneration and grass will be growing in the openings, and it will burn in the surface
fuel model as a shrub or grass shrub model.

e BPS - If the coverage of the FVT is too great, or if the specified vegetation displays
different fuel characteristics within its range, the Biophysical Settings (BPS) may be used
to indicate different fuel characteristics in different areas of the same FVT. For example,
it might be advantageous to modify fuel characteristics for vegetation occurring on
serpentine or other ultramafic soil types.

Referring to the previous example (Mixed Conifer Woodland), the BPS is given as “any”
so that for all BPS designations within z02 and FVT 2022, this rule would apply.

e Wildcard (Wild) — Wildcards serve the same general purpose as BPS: to further refine
the scale of the fuel characteristic assignment. See Section 6.5 for more information on
using wildcards.

e FBFM 13 - FBFM 40 — Canadian FM — FCCS — FLM assignments — The next columns
indicate the fuel model assignments made for the 13 FBFM and 40 FBFM systems. In the
default data set, these fuel model determinations were primarily made because of the
calibration workshops held across the country.

LFTFC has been designed to incorporate other fuel descriptions systems, including the Canadian
Fire Behavior Prediction System of Fuel Models (CFBPS FM), FCCS, and FLMs. A custom fuel
model also can be used. The default data set, however, includes no information from these
systems except CFBPS, which is only available in certain parts of the U.S.

e Canopy Guide (CG) Toggle — Modeled fire behavior in the wildland settings is dependent
on many of the vegetation attributes; but in forested settings, the canopy is an
important factor affecting fire behavior outputs. The Canopy Guide Toggle can be used
to assess whether crown fire development is likely. In LFTFC, a switch has been
incorporated to describe the effects of canopy. The switch has four user-controlled
numeric settings:

o 0= No canopy on the site.

o 1 =_Canopy base height (CBH) and canopy bulk density (CBD) calculations
from LF data sets are used to indicate the likelihood of crown fire on the site.
This setting is used on a forested site (dominated by “tree” life form) where
torching and crowning in the upper strata vegetation is common during
times of fire activity.
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o 2 =This setting would be used on tree life form sites where torching and
crowning are not likely to occur, such as in some hardwood communities.
The mapping tool in this setting artificially raises CBH to 10 meters and
lowers CBD to 0.012 kg/m3. Torching and crowning will not occur, but the
stand attributes (CH and CC) will be used in the calculations of surface fire
behavior characteristics. The reason for keeping the canopy attributes in
place is to adjust wind speed, shading, and sheltering for surface fire
calculations.

o 3 =This setting would be used on tree life form sites where torching would
occur, but active crowning is not likely, such as in mixed hardwood and
conifer communities. The mapping tool in this setting artificially lowers CBD
to 0.03 kg/m3, but leaves CBH, CH, and CC as predicted

e Canopy Cover (CC) and Canopy Height (CH) — Can be user-designated by individual
ruleset while in editing mode. The default data set uses LF cover and height as portrayed
in the range of cover and height columns.

e CBH 13 and CBH 40 — The user can specify CBH for a given Fuel Rule by individual ruleset
for either of the surface fuel model rasters they will be producing, see Section 5.3.
Default values are assigned from linear regression equations derived from plots
analyzed through various disturbance scenarios in Forest Vegetation Simulator (FVS).
(Martin, Napoli, and Smail, personal communication).

e CBD 13 and CBD 40 - The user can specify CBD for a given Fuel Rule by individual ruleset
for either of the surface fuel model rasters they will be producing, see Section 5.3.
Default values are taken from the General Linear Model (GLM).

e On/Off — A rule can be turned “On” or “Off” using a toggle switch. If a rule is turned off
without accounting for the area in another rule, the total acres and percent coverage of
the EVT may become out of balance (less than or greater than 100%). If a rule is turned
“Off,” the user can still view relevant notes about its history or past use.

e Acres and Percent of EVT — Shows how many acres and percent of the FVT a specific
rule covers. When out of balance (over or under 100%), the Ruleset sheet labels will
indicate the problem, see Section 6.5.3.

6.5.3 FVT Label Indicators

The Ruleset page includes an FVT label that changes from red to green or green to red
depending on if the pixels are accounted for in the rules. If the label is red, it will indicate the
number of missing pixels left behind or that rulesets caused an overlap in the assignments.
(Figure 6-7).
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Eﬁ Fuel Rules for MU Z01_NW22_230 — O x

Order EVT by Filter EVT by
O Name @ Number Al by Type ~ Editing notes Not disturbed
2035[0] Tr North Pacific Dry Douglas-fir(-Madrone) Forest and Woedland -

Ruleset Compare FM Distribution Graph EVT Description
A?:dt.ﬁlﬁ I Mo pixels are left behind. _ _ _
Range of Cover  Range of Height BPS Wild FM13 FM40 CanFM FCCS  FLM (] CC CH CBDI13 CBD4O
J BitRue | 10%-49% Tr.. 18m-49m Tr.. any any 6  652. 9999 0999 9999 1 9. 9. 9999 9999
10%-49% Tr.. Bm-Max Tree any any 9 TL& .. 9999 0000 0000 1 9.. 9. 0999 0099

i Delete Rule
;1_7:5 Ctrl+D 50%-100% T.. 18m-Max Tr.. any any 9 TL&.. 0999 0000 0000 1 9. 9. 9090 0000
Copy Rule
Ctrl+C
i)
Order EVT by Filter EVT by
O Name © Number 4]l by Type ~ Editing notes Net disturbed
2035[0] Tr North Pacific Dry Douglas-fir(-Madrone) Forest and Woodland v
Ruleset Compare FM  Distribution Graph EVT Description
A?:d Il:lule
trl + A
: Range of Cover  Range of Height BPS  Wild FMI3 FM40 CanFM FCCS FLM cG cC CH CBD13 CBD40
J BIRUe | 10% 40% Tr. 18m 49m Tr. any any 6 652. 0999 9999 9999 1 9. O. 09999 9999

10%-39% Tr.. Bm-Max Tree any any 9 TLE .. 9999 9999 0099 1 9.. 9.. 9999 0999
:}_7} Ctrl+D 50%-100% T.. L8Bm-Max Tr.. any any 9 TLE .. 9999 0999 0000 1 9. 9. 9999 0009

Copy Rule
Cirl + C

Delete Rule

i)

Order EVT by Filter EVT by

O Name @ Number Al by Type ~ Editing notes Not disturbed

2035[0] Tr North Pacific Dry Douglas-fir(-Madrone) Forest and Woodland -

Ruleset Compare FM Distribution Graph EVT Description

Add Rule
Ctrl + &

Range of Cover ~ Range of Height BPS Wild FMI3 FM40 CanFM FCCS FLM  C6  CC CH CBDI3 CBD4O
J% Edfue | 10%-49% Tr. 18m-49m Tr. any any 6  652. 9999 9999 9999 1  o. Q. 9999 9999
10%-59% Tr.. 5m-Max Tree any any 9 TL8.. 09990 0099 9999 1 0. O. 0999 0999
R Crl+D | 50%-100% T.. 18m-Max Tr. amy any 9  TL8. 09999 9099 0990 1 Q. O. 0990 0000

Delete Rule

Copy Rule
Ctrl+ C

Figure 6-7. Ruleset pixel indicator

Pixels left behind or overlapping — Indicates if there is a problem with the combinations of
rulesets covering all the pixels in the Raster of varying covers, heights, BPS, and wildcard.
Rules are assigned by the order below:

1. Combinations of FVT, FVC, and FVH cannot overlap. They make up the base rule.

2. If Wildcard or BPS are used in a rule, then that rule takes precedence over any existing
base rules that it overlaps.

3. If Wildcard and BPS are both used together in a rule, then that rule takes precedence
over any existing base and Wildcard or BPS rules that it overlaps.
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If necessary, you can account for missing pixels by using rule input options such as “Add Rule”
or “Edit Rule,” See Section 6.5.4.

6.5.4 Rule Input Options

The following section describes the function of each available rule input option in detail. A
typical LFTFC user might opt to work with several of the rule options. Refer to the descriptions
of interest.

LFTFC users can select from the following Rule Input options: Add Rule, Edit Rule, Delete Rule,
and Copy Rule.

e Add Rule — enables users to create new rules

e Edit Rule — used to modify existing rules

e Delete Rule — used to delete rules that are no longer needed

e Copy Rule — allows users to copy rules from other existing MUs

Rule inputs are selected by clicking one of the buttons at the top left of the Fuel Rules dialog
box.

Add Rule

Cirl + A

Edit Rule
“ Cirl+E

Delete Rule
: Cirl+D

il ]
B Copy Rule
| Cil+C

Figure 6-8. Rule input options

6.5.4.1 Add Rule

The Add Rule option can be used when there are no available rules to edit. The Add Rule option
may be appropriate if rules exist and EVTs have been added but EVTs are populated by “9999,”
indicating “no data,” or when rulesets are split out into new cover and height rules and there
are no existing applicable rules to edit.

For example, suppose a user had an existing rule specifying canopy cover of 10 to 49%, canopy
height of 0-max, 9/TL6, and wanted to use a shrub model to depict the more open condition
with smaller trees. The user could add a rule to state: canopy cover of 10 to 29%, canopy height
of 0 to 25, 2/GS2, 10-29%, 25 — max, 9/TL6, and edit the existing rule to 30-49%, 0 — max, 9/TL6.

1. Click the Add Rule button.
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2. The Add and Edit Rules dialog box opens (below).

B Add and Edit Rules - ] X

| Rule Descriptor

Select Descriptor Type On/Off Range of Cover Range of Height
© Limited () Unlimited

On ~ 1 ~| (11 ~| 1L ~| |11 ~

Biophysical Setting Name and Model

any ~
Wildeard

any ~

[ Allow CUSTOM FM and MIXING of 13 and 40 Surface Fuel Associated With Above Rule Descriptor

Fire Behavior Fuel Models, Anderson 13 (FBFMI13)

9999 Nothing Assigned ~
Fire Behavior Fuel Models, Scott and Burgan 40 (FBFM40)

9989 Maothing Assigned ~

Canadian Fire Behavior Prediction System Fuel Types (FBPS FT)

9999 No Assignment ~
Fuel Characteristic Classification System, Ottmar (FCCS)

9099 (9909)  No Assignment ~

Fuel Loading Models, Lutes (FLM)

99099 Nothing Assigned ~

Canopy Fuel Associated With Above Rule Descriptor
Canopy Fuel Guide (C&)

9999 Nothing Assigned ~
Caver Height Midpoint Mx10 CBD13x100 CBDA40x100 CBH13x10 CBH40x10
0999 - 0099 w9999 9099 9990 0099
8 i A
@ save M Cance

3. To use the Add Rule option, you will need to complete the required input for:
— Rule Descriptor
— Surface Fuel Associated with Above Rule Descriptor
— Canopy Fuel Associated with Above Rule Descriptor

The steps required to use the Add Rule option are discussed in the following sections.

6.5.4.2 Rule Descriptor Box

1. Select Descriptor Type. Use the radio button to select Limited or Unlimited.

Note: Using the Limited Descriptor Type option keeps the user from creating illogical
combinations that the data do not support. The Unlimited option gives the user all
combinations of cover and height in all life forms whether they exist in the data or not.

2. Use the dropdown menu to toggle the Rule On or Off.

Use the dropdown menus to select a Range of Cover and Range of Height.

4. Specify the Biophysical Setting Name and Model using the dropdown menu, see Section
3.2.1.

5. A Wildcard option can be selected from the associated dropdown menu, see Section
6.5. for more information on wildcards.

w
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6.5.4.3 Surface Fuel Associated with Above Rule Descriptor Box

1. Use dropdown menus to make assignments for FBFM13 and FBFM40, CFBPS FM, FCCS,
and FLM.

6.5.4.4 Canopy Fuel Associated with Above Rule Descriptor Box

1. Make a Canopy Fuel Guide (CG) selection using the dropdown box.
2. Add CC, CH, CBD, and CBH values in place of “9999”, to express different fire behavior
other than the default equation predictions, see Section 6.6.

Tip: When working with Add Rule, you must specify a Canopy Fuel Guide (CG). If you do
not, you will get a “9999” (“no value”).
3. Click the Save Rule button at the lower left to save the rule.

6.5.4.5 Edit Rule

Use the Edit Rule selection when rules exist but modifications are desired, such as when there
is a need to adjust canopy cover or canopy height from the default predictions.

Note: Other options for editing rules exist and can be found by right-clicking the values of
existing rules. However, the options described above represent the most common functions in
current use.

Tip: Be aware that you may need to use Add Rule to cover any missing pixels if the whole range
in the raster is not covered by the existing rule.

Example: A ruleset for the Cottonwood Bosque FVT has the range of cover and height worked
out in logical fashion for the FVT, but you know that under dry conditions, crowning is likely in
this vegetation type. Currently, the ruleset has 8/TL3 and a canopy guide (CG) of 2, which will
use just canopy to adjust shading and wind reduction. In this situation, to help model crowning,
highlight the ruleset for 20-59% 0-max height. Use the dropdown box for FBFM13 to select
FM10, hit the dropdown arrow for FBFM40 to select TL8-188, and use the dropdown menu for
Canopy Fuel Guide (CG) to select “1.” Save your edits by clicking on the Save Rule button.
Subsequently, the Bosque rulesets will be 10-19%, 0-max, 5/GS2; 20- 59%, 0-max, 10/TL8.

1. To use the Edit Rule option, click the Edit Rule button on the Fuel Rules dialog box
(Figure 6-8).

2. The Add and Edit Rules dialog box opens. Components of the Add and Edit Rule dialog
box are the same as those described for the Add Rule option. You will need to complete
the required inputs for the Rule Descriptor, Surface Fuel Associated with Above Rule
Descriptor, and the Canopy Fuel Associated with Above Rule Descriptor boxes. See
Sections 6.5.4.2, 6.5.4.3 and 6.5.4.4 for instructions.
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6.5.4.6 Delete Rule

Use this option to delete rules that you no longer want (such as those that may conflict with
other rulesets you have added).

1. Delete rules by selecting the rules you would like to delete and then clicking on the
Delete Rule button. (Figure 6-8)
2. Adialog box opens (below), allowing you to verify that the rule should be deleted.

Delete Rule?

Do you really want to delete this rule.
If you turn the rule off you can keep it for notes
and it won't be included in your analysis.

6.5.4.7 Copy Rule

For a good starting point, the typical user can use the Copy Rule input option to copy rulesets
from updated LF data. For each LF production, the LFTFC tool is updated and released with the
most recent fuels ruleset database. To utilize previous LF productions, users can download the
standalone database on the Fuel Rulesets Database webpage. Edits then can be made to copied
rulesets and additional rules, including BPS segmentations, can be added.

1. Click the Copy Rule button on the Fuel Rules page. A dialog box opens (below).

B Copy Rules = O *
Copy from MU Existing Vegetation Number and Name to be copied
~| Ba Open Water 11[0]
Copy . . Copy all rules in this MU or just this EVT Copy to EMPTY rulesets or ALL rulesets Copy all rules OM and OFF or just OM
e b
% Rules M Cancel @y copy mu () Copy EVT © Copy to EMBTY () Copy to ALL O CopyOMand OFF () Copy ON

2. Use the dropdown menu at the top left of the Copy Rules dialog box (above) to select a
MU to copy from.

3. Use the radio buttons to select whether to copy all the rules from the selected MU or to
copy only the ruleset from the selected MU and Existing Vegetation Type (EVT). (Copy
MU or Copy EVT)

Note: Use the dropdown menu under Existing Vegetation Number and Name to be
copied to specify an EVT if Copy EVT is selected.

4. Use the radio buttons to select whether to copy all the rules from the selected MU or to
copy only the rule set from the selected MU and Existing Vegetation Type (EVT). (Copy
MU or Copy EVT)

Note: Use the dropdown menu under Existing Vegetation Number and Name to be
copied to specify an EVT if Copy EVT is selected.
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5. Use the radio buttons in the middle to copy rules into only the FVT rulesets that do not
already have rules or copy all the rules even if rules already exist in the rulesets. This
helps rulesets from getting duplicate rules. (Copy to EMPTY or Copy to ALL)

6. Use the radio buttons at the far right to specify if you would like to Copy all rules turned
on and off” (Copy On and Off) or just those rules that are turned on (Copy On).

7. Click on the Copy Rules button.

8. Verify that you want to copy all On and Off rules by clicking Yes (below).

LFTFC_Cust_Tool

Are you sure you want to copy all ON and OFF rules
in management unit z01_NW_RM20
only where rulesets are EMPTY?

6.5.5 Fuel Rule Page Tabs

Several page tabs are available on the Ruleset sheet to assist users in describing the fuel and
fire behavior characteristics portrayed by their rulesets (Figure 6-9).

Tip: Users can easily navigate between pages at any time by clicking the page tabs.

Fuel Rules for MU Z01_NW22_230 = O *
S

Order EVT by Filter EVT by
O Name @ Number Al by Type ~ Editing nc‘!'esi Not disturbed

2035[0] Tr North Pacific Dry Douglas-fir(-Madrone) Forest and Woodland

Ruleset Compare FM Distribution Graph EVT Description
Add Rule No pixels are lett behind.

Tl L A

Figure 6-9. Page tabs in Fuel Rules dialog box

These page tabs open tools that help users better understand the vegetation types being
depicted on the site, life forms present in the spatial raster by cover and height, and associated
fire behavior characteristics. Fuel Rule sheet pages are described below.

6.5.5.1 Ruleset

The Ruleset page is visible when the Fuel Rules dialog box opens, see Sections 6.5.1, 6.5.2, 6.5.3
and 6.5.4 for additional information.

6.5.5.2 Compare FM

This page graphically illustrates fire behavior traits, such as Rate of Spread (ROS) and Flame
Length (FL) for surface fuel models in the FBFM 13 and FBFM 40 systems at various fuel
moisture regimes, wind speeds and slope. A graphic display of CBH range that would initiate
crown fire behavior at various fuel moisture regimes, wind speeds, and slope is also included.
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1. Use radio buttons to select desired ROS or FL, percent Dead Moisture, and percent Live

Moisture.
2. Use dropdown menus to enter percent slope and desired fuel models for comparison.

Note: These options are useful in determining FBFM13, FBFM40, and CBH for the fuel
characteristics assignment displayed on the rulesets from the Ruleset sheet.

i
Order EVT by Filter EVT by
O MName @ MNumber Al by Type ~ Editing notes Not disturbed

2035[0] Tr Nerth Pacific Dry Douglas-fir(-Madrene) Forest and Weodland v

Ruleset Compare FM Distribution Graph EVT Deseription

1 L ROS or FL % Dead Moisture % Live Moisture % Slope Compare fuel models
[E = O ROS(ch/hr) Q3456 © 30 Hrb: 60 Wdy P P
= - 678 () 60 Hrb: 90 Wdy ] ~| B ~ None - None ~ MNone
FL// A - o101 () 90 Hrb; 120 Wdy [Hémstom
— OFL+ CBH(ft) 121314 (O 120 Hrb; 160 Wdy i
b
= 80 30 —5
1 CEH_S
60 60
-
2
62
= g
= 4 0 38
z £
3
o
0
20 =20
._'__._,_--—-0-—"
’__-__..._.-4--‘
0 2 4 6 8 10 12 14 16 18 20

MidFlame Wind Speed. Upslope (mifhr)

3. The Compare FM page also allows the user to build and display fire behavior traits (ROS
and FL) for custom fuel models at various fuel moisture regimes, wind speeds, and
slope. This task is accomplished by clicking the Custom FM button (above).

4. To create a custom model, select the fuel model you would like to start with in the box
to the right of “Fuel Model.”

5. Adjust by selecting a parameter and then moving the slide adjustment. Make any other
desired adjustments by using appropriate radio buttons

6. Close the custom fuel model interface when finished by clicking the same button, now
called Close Custom (below).
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—
[ Fuel Rules for MU Z01_NW22_230

Select a starfing fuel model / Make adjustmerts / Check-the graph for fire behavior results
1H1/a 10Ht/a 100Ht/a  LiveHt/a LiveWt/a FMType 1HSAV L_HSAV L_WSAV Depth ft  XtMoist %

0074 Qo0 oo 0o oo Ostatic  ()3B00 (1300 (760 (1 O
i Delete selected Save Custom
| Fuel Model | 1 > M e sclected EoEn
= ROS orFL % Dead Moisture % Live Moisture TS T o et
s OROS(ch/hr) O 345 © 30 Hrb: 60 Wdy P P
d O FLEY) Oere O 60Hb: 0wdy @ ~ 102~ None ~ None ~ None -
J% ) [@F:3141} 90 Hrb: 120 Wdy J Close
o OFL- CBHIFY) (121314 ) 120 Hrb; 150 Wdy Custom
A 500 — 102
.;IAL | | Custom
400
= 300
E
=
e
@ |—
Q
Z 200 /_/
100 ]
0 2 4 6 8 10 12 14 16 18 20

MidFlame Wind Speed. Upslope (mifhr)

7. Once saved, the custom model will be available

6.5.5.3 Distribution Graph

The Distribution Graph tab opens a graph that shows the distribution of acres of classified cover
and height by life form that exist in the raster data for the entire FVT or by BPS or Wildcard (if a

wildcard is used in the MU raster).

Use the Distribution Graph page (below) to view the height of the vegetation by cover, and the
numbers of acres present in the selected FVT within the defined MU.

The x-axis shows 10% breaks of cover by life form; the y-axis corresponds to the number of
acres within the FVT in the MU’s extent. The legend displays the line indications by height
corresponding to the percent cover and represents the number of acres.

1. Click the Distribution Graph tab.
2. Use the relevant dropdown menus to display the distribution of an FVT, BPS, or

wildcard.

Note: In the legend a “T” is tree, “S” is shrub, and “H” is made up of herbaceous life
form
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% Fuel Rules for MU Z01_NW22_230 = (m] *

Order EVT by Filter EVT by
O Name @ Number Al by Type « Editing notes Not disturbed

2035[0] Tr Nerth Pacific Dry Douglas-fir(-Madrone) Forest and Woedland ~

Ruleset Compare FM Distribution 6raph EVT Description

L Biophysical Setting Name and Model
|ijs & 3] | ‘
= any

Jﬂﬁ Wildcard

B ]

; - Show lines of canopy fuel that represent the EVT and disturbance select

'Ifzh © None () Canopy Cover () Canopy Height () Canopy Base Height (0 Canopy Bulk Density

50000 Pre-di: Height
I T 37- 40.5m
@ 45000 I T 33- 36.5m
£ 40000 N T 28- 32.5m
= N T 25- 28.5m
5 35000 T21-245m
- B T 17- 20.5m
2 30000 . T 13- 16.9m
= 25000 T9-125m
o T5 85m
E 20000 T18 45m
= 15000
5 10000
<L
) — B RN
% 15 25 35 45 55 G5 75 85 95

Pre-disturbance % Cover

Note: The selection buttons shown in the red square (above) can add lines that
represent what the predicted canopy fuel would be, non-disturbed and disturbed, for
the selected FVT.

6.5.5.4 EVT Description

Select the EVT Description tab to display an ecological description. This NatureServe website
( https://explorer.natureserve.org/ ) serves as the basis for all LF EVTs

6.6 Creating New Rasters

Fuel characteristics can be edited or modified pixel by pixel, based on logical decisions
determined by cover, height, vegetation, and biophysical settings incorporated into FBFMs.

Once the fuel rules have been added, deleted, or adjusted (see Section 6.5.4), users are ready
to create the new layers.

1. Click the Make Fuel Rasters button on the LFTFC toolbar (below).

i E Selected MU | Z01_NW22_230 v % Eé m L};‘J J%

Set the Make Delete Wiew Fuel | Make Fuel Make About
project path  MNew MU Selected MU Rules Rasters Fuellog  LFTFC

LFTFC_Pro
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2. Adialog box (below) with the Raster Selection tab visible opens.

ou kW

B - m] X
GRID Selection  Canopy Options

& Make % — Sajc.raster output format

Rasters 0 OGRD  ©@TFF

Surface Fuel

() FBFM 13

FBFM 40  TestFM40

(O FBPSFT

O Fces

[ FLM

Canopy Fuel
[ Guide

Cover testCC
and
Height testCH

O CBH 13
CBH 40  testCBH
[JCBD 13

CBD 40 testCBD

Use the Raster Selection tab to create surface fuel layers.

Select the layers you would like to include by checking the boxes to the left of the raster.
Name the Fuel layers to be created in the box to the right of the selection.

Select the output raster format.

Note: When naming the file, a file extension is not needed. However, the file name must
not exceed 13 characters and should not contain any spaces, leading numbers, or

special characters ("™~! @#S2()-+={ }[ 1|\?/:;"’< >, .).

Tip: CBD 13/40 are the same and CBH 13/40 are the same, just check one box for each.
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7. The Canopy Options page opens (below).

.Y — ] X
GRID Selection Canopy Options

Canopy Cover (CC)
Also use rule values that are not 9992

Use built-in €C ad justment equations for disturbances.
Use with vegetation GRIDs that have not been adjusted to reflect
changes caused by disturbances. (LF 2016 REMAP FVT, FVC, FVH)

([ Multiply by 1

Canopy Height (CH)
Also use rule values that are not 9999

Use built-in CH ad justment equations for disturbances.
Use with vegetation GRIDs that have not been adjusted to reflect
changes caused by disturbances. (LF 2016 REMAP FVT, FVC, FVH)

([ Multiply by 1

Canopy Base Height (CBH) plot based Napoli
Also use rule values that are not 9932

(] Multiply 13 and 40 by 1 and 1

Canopy Bulk Density (CBD) plot based LM Thompson

Also use rule values that are not 9999

] Multiply 13 and 40 by I and 1

8. CCand CH have three options:
a. (Default) by using rules that are not coded as “9999” (indicating no data) in the

rulesets to overwrite the predicted value.
b. (Default) Use built-in adjustment equations for disturbances.
c. Use a coefficient by which to multiply.
9. CBH and/or CBD have two options:
a. (Default) by using rules that are not coded as “9999” (indicating no data) in the
rulesets to overwrite the predicted value.
b. Use a coefficient by which to multiply.

Note: CBH and CBD are calculated using the pre-disturbance FVT, the value used
for CC, and the value used for CH. The calculations for CBH and CBD can be
overridden if option one is used, and a value is given in the fuel ruleset for a
specific CBH and/or CBD rule.
10. When finished with both Raster Selection and Canopy Options tabs, make sure the
Raster Selection page is open and click the Create Rasters button.

Errors in raster creation are usually due to naming convention mistakes, i.e., naming rasters too
similarly or using names that are too long. If any pixels are left behind, a message will appear
telling you which FVT has missing pixels and asking whether you would like to continue.
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Tip: If more changes are needed, go back to the rules, make your changes, and then recreate
the rasters.

Note: The presence of “9999s” indicates that no relevant data are present in the raster.

6.7 Fuel Raster Color Palette

Upon creation of the rasters, a color map file is applied to the newly created fuel rasters, which
follows the standard LANDFIRE symbology.

MName Date modified Type
8 FCCs_coloralr 122, AM CLR File
8 FEFMVAD_color.cir : CLR File

Ml FBFMI3_color.clr AM CLR File

B CHeight_color.clr AM CLR File

CCover_color.clr AM CLR File
.[' CBHA0mx10_color.clr A CLR File
0_color.clr AM CLR File

CLR File

00_color.clr 20 5 W CLR File

.[' Canopy_color.clr f 5 AM CLR File

B canFM _color.clr 2272023 T:41 AM CLR File

Figure 6-10. LF color map symbology files

6.8 Deleting Fuel Management Units

Use this function to delete fuel MUs that you no longer need or have replaced.

1. Click Delete Selected MU on the LFTFC toolbar to delete selected Management Units (below).

~ E Selected MU | Z01_NW22_230 v m Eé m !_I_‘J J%

Setthe Make Delete View Fuel  Make Fuel Make About
project path  New MU Selected MU Rules Rasters FuelLog  LFTFC

LFTFC_Pro

2. The following Delete MU dialog box will open.
3. Click “Yes” to confirm your deletion.

Delete MU >

Do you really want to delete MU Z01_NW22_2307

Yes Mo Cancel
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6.9 Fuel Log

The Fuel Log selection on the toolbar creates a text file consisting of all the changes and notes
made for the life of the fuel rulesets.

1. Click the Make Fuel Log button on the LFTFC toolbar to view the text file (below).

i E Selected MU | G_TestData_MU v [I% [Bé m [&J J%

Set the Male Delete View Fuel  Make Fuel Male About
project path  New MU Selected MU Rules Rasters Fuel Log = LFTFC

LFTFC_Pro

6.10 About LFTFC

1. Click About LFTFC in the toolbar menu to display the screen below, which includes
information on version number and tool development.

A About LF TFC Taolbar >4

(Landfire Total Fuel Change)
LANDFIRE Infercgency Program (Fuel)
Ver. 404 ArcFro§
Der Tobin Smcil USFS RURS FAL LANDFIRE
Michelle Hawks 6 FSLG-Erferpriss Progmm
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Section 7 Troubleshooting LFTFC

7.1 Common Problems

7.1.1 Installation Errors

Be sure to uninstall any previous versions of LFTFC that may already be installed on your
computer (see Chapter 4: Installing LFTFC Toolbar Add-in for additional information).

7.1.2 Naming Issues

Errors in raster creation are usually due to mistakes with naming conventions, naming rasters
too similarly, or using names that are too long. File names must not exceed 13 characters in
length and should not contain any spaces, leading numbers, or special characters (*~! @#S”()-

+={TIN?/57< >, ).

If any pixels are left behind, a message will appear telling you which EVT has missing pixels and
asking you if you would like to continue.

To report a bug, please go to the Contact Us web page at https://landfire.gov/contact or email
us directly at helpdesk@landfire.gov.
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Appendix A LF Canopy Cover and Height Classification

A.1 Canopy Cover Classification

TREE

101 210 <20
102 >20 <30
103 =30 <40
104 >40 <50
105 =250 <60
106 260 <70
107 270 <80
108 >80 <90
109 >90 <100
SHRUB

111 >10 <20
112 =220 <30
113 =30 <40
114 240 <50
115 >50 <60
116 260 <70
117 270 <80
118 >80 <90
119 >90 <100
HERBACEOUS

121 210 <20
122 =220 <30
123 >30 <40
124 >40 <50
125 =250 <60
126 > 60 <70
127 270 <80
128 >80 <90
129 >90 <100
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A.2 Canopy Height Classification

TREE
Range (in meters)
603 1.8 49
607 8.9
611 129
615 13 16.9
619 17 20.9
623 21 24.9
627 25 28.9
631 29 32.9
635 33 36.9
639 37 40.9
643 41 449
647 45 48.9
651 49 Maximum
SHRUB
Range (in meters)
502 0 0.5
507 0.5 1.0
520 1.0 3.0
530 3.0 Maximum
HERBACEOUS
425 0 0.5
475 0.5 1.0
499 1.0 Maximum
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Appendix B LFTFC Process Diagram

B.1

Process Diagram

Low Modérate High Nonglist-FBFM NonDist-CC NonDist:CBD
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o
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Appendix C RMRS Missoula Fire Sciences Lab GitHub
Repository

https://github.com/firelab/LFTFC

ReadMe, Source Code, License, and Change log

-57 -
Total Fuel Change Tool User Guide


https://github.com/firelab/LFTFC

References

Allen, T.F.H; Hoekstra, T.W. 1992. Toward a unified ecology. New York: Columbia University
Press. 384p.

Anderson, H. E. 1982. Aids to determining fuel models for estimating fire behavior.

Gen. Tech. Rep. INT-122. Ogden, UT: U.S. Department of Agriculture, Forest Service,
Intermountain Research Station. 22 p.

Brown, J.K.; Arno, S.F.; Barrett, S.W.; Menakis, J.P. 1994. Comparing the prescribed natural fire
program with pre-settlement fires in the Selway-Bitterroot Wilderness. International Journal of
Wildland Fire. 4:157-168.

Comer, P.J. and others 2003. Ecological Systems of the United States: A Working Classification
of U.S. Terrestrial Systems.

ESSA Technologies Ltd. 2005a. TELSA - Tool for Exploratory Landscape Scenario Analyses: User’s
Guide Version 3.3. Vancouver, BC: ESSA Technologies Ltd. 236 pp.

ESSA Technologies Ltd. 2005b. Vegetation dynamics development tool: User guide, version 5.1.
Vancouver, BC: ESSA Technologies Ltd. 196 pp.

Keane, R.E.; Holsinger, L.M.; Pratt, S.D. 2006. Simulating historical landscape dynamics using the
landscape fire succession model LANDSUM version 4.0. Gen. Tech. Rep. RMRS-GTR-171CD. Fort
Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station.
73 pp.

Lutes, D.C.; Keane, R.E.; Caratti, J.F. 2008. [In review] A surface fuel classification for estimating
fire effects. International Journal of Wildland Fire.

Martin, Napoli, and Smail. Personal communication. Stinger Ghaffarian Technologies, Inc.,
contractor to the U.S. Geological Survey (USGS) Earth Resources Observation and Science

(ERQOS) Center, Sioux Falls, SD. Work performed under contract G10PC00044.

NatureServe. http://www.natureserve.org/.

Ottmar, R.D.; Sandberg, D.V.; Riccardi, C.L.; Prichard, S.J. 2007. An Overview of the Fuel
Characteristic Classification System — Quantifying, Classifying, and Creating Fuelbeds for
Resource Planning. Canadian Journal of Forest Research. 37(12): 2383- 2393.

Reeves, M.C.; Ryan, K.C.; Rollins, M.G.; Thompson, T.G. 2009. Spatial fuel data products of the
LANDFIRE Project. International Journal of Wildland Fire. 18: 250-267.

-58 -
Total Fuel Change Tool User Guide


http://www.natureserve.org/

Scott, J. H.; Burgan, R. E. 2005. Standard fire behavior fuel models: a comprehensive set for use
with Rothermel’s surface fire spread model. Gen Tech. Rep. RMRS-GTR-153. Fort Collins, CO:
U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station. 72 p.

Scott, J. H.; Reinhardt, E. D. 2001. Assessing crown fire potential by linking models of surface
and crown fire behavior. Res. Pap. RMRS-RP-29. Fort Collins, CO: U.S. Department of

Agriculture, Forest Service, Rocky Mountain Research Station. 59 p.

Toney, Chris. Stem mapping of plots canopy cover in LANDFIRE. (Unpublished).

-59.-
Total Fuel Change Tool User Guide



	Document History
	Contents
	List of Figures
	Section 1 About the LFTFC User Guide
	1.1 Before You Begin
	1.2 How to Use this Guide
	1.3 Computer Requirements

	Section 2 LFTFC Function
	2.1 How LFTFC Operates
	2.2 Applications

	Section 3 Inputs
	3.1 Required Input Data
	3.2 Acquiring Input Data
	3.2.1 Biophysical Settings Models and Descriptions (BPS) Product Layer
	3.2.2 Fuel Vegetation Type (FVT) Product Layer
	3.2.3 Fuel Vegetation Cover (FVC) Product Layer
	3.2.4 Fuel Vegetation Height (FVH) Product Layer
	3.2.5 Fuel Disturbance (FDist) Product Layer

	3.3 Optional Input Data
	3.3.1 Wildcard
	3.3.2 Elevation
	3.3.3 Slope
	3.3.4 Aspect
	3.3.5 Fire Behavior Fuel Models (FBFM)
	3.3.6 Canopy Base Height (CBH)
	3.3.7 Canopy Bulk Density (CBD)
	3.3.8 Canopy Cover (CC)
	3.3.9 Canopy Height (CH)

	3.4 Concepts of Ruleset Development for Fuel Characteristics
	3.4.1 Fire Behavior Fuel Model Assignments in LF 2001 Data
	3.4.2 Canopy Guide Toggle
	3.4.3 Assigning Canopy Characteristics


	Section 4 Installing LFTFC Toolbar Add-In
	4.1 LFTFC Installation
	4.1.1 Download
	4.1.2 Install

	4.2 Uninstall

	Section 5 Quick Start Guide
	5.1 Creating Working Directory
	5.2 Creating Management Unit (MU)
	5.3 Working with Fuel Rules
	5.3.1 View Rules
	5.3.2 Copy Rule
	5.3.3 Add Rule

	5.4 Evaluating Surface and Canopy Fuel Assignments
	5.5 Making Fuel Rasters
	5.6 Selecting Canopy Options (optional)
	5.7 Making Rasters
	5.8 Adjusting Rulesets
	5.9 Evaluating Outputs

	Section 6 Using LFTFC_Pro
	6.1 LFTFC_Pro Add-In
	6.2 Creating a New Project
	6.3 Workspace Settings
	6.4 Management Units (MU)
	6.5 Fuel Rules
	6.5.1 Fuel Rule Header Selections
	6.5.2 Column Headers
	6.5.3 FVT Label Indicators
	6.5.4 Rule Input Options
	6.5.4.1 Add Rule
	6.5.4.2 Rule Descriptor Box
	6.5.4.3 Surface Fuel Associated with Above Rule Descriptor Box
	6.5.4.4 Canopy Fuel Associated with Above Rule Descriptor Box
	6.5.4.5 Edit Rule
	6.5.4.6 Delete Rule
	6.5.4.7 Copy Rule

	6.5.5 Fuel Rule Page Tabs
	6.5.5.1 Ruleset
	6.5.5.2 Compare FM
	6.5.5.3 Distribution Graph
	6.5.5.4 EVT Description


	6.6 Creating New Rasters
	6.7 Fuel Raster Color Palette
	6.8 Deleting Fuel Management Units
	6.9 Fuel Log
	6.10   About LFTFC

	Section 7 Troubleshooting LFTFC
	7.1 Common Problems
	7.1.1 Installation Errors
	7.1.2 Naming Issues


	Appendix A LF Canopy Cover and Height Classification
	A.1 Canopy Cover Classification
	A.2 Canopy Height Classification

	Appendix B LFTFC Process Diagram
	B.1 Process Diagram

	Appendix C RMRS Missoula Fire Sciences Lab GitHub Repository
	References



