495 Unit 6 Lesson 1 (November 2008)

Unit 6: Short-term Geospatial Fire Analysisusing FlamM ap

Lesson 1: Introduction to FlamMap Interpretation

\ Application J

Thislesson will take less than one hour to complete.

L esson objectives

Upon successful completion of this lesson, students will be able to do the following:
o Explain what FlamMap does and how it compares to other spatial and non-spatial fire
behavior models
e Describe some of the assumptions and limitations of FlamMap
e |dentify some common uses of FlamMap
e Understand the data requirements (inputs) needed to run FlamMap, their importance, and
their interactions

L esson outline

Introduction
1. What isFlamMap and what does it do?
2. FlamMap assumptions and limitations
3. FlamMap in comparison to other fire behavior modeling applications
3.1 FlamMap compared to BehavePlus
3.2 FlanMap MTT compared to FARSITE (Fire Area Simulator)
3.3FHamMap MTT compared to FSPro (Fire Spread Probability)
4. Common uses of FlamMap Basicand MTT
5. Data requirements (FlamMap inputs)
5.1. Input overview
5.2. The landscape file (.LCP)
L esson summary

I ntroduction

Much of what is contained in this lesson is taken from the website http://firemodels.org/, as well
as from Stratton 2006 and Stratton (in press). In addition, information and graphics were
obtained from “An Overview of FlamMap Fire Modeling Capabilities’ (Finney 2006).

This Lesson 1 is designed to give you an introduction to and overview of FlamMap's utility,
limitations, data requirements (inputs), and the fire behavior outputs useful for Short-Term
Geospatial Fire Analysis.
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1. What isFlamMap and what doesit do?

FlamMap is a fire behavior mapping and analysis program that (in the Basic mode) computes
potential fire behavior characteristics (such as spread rate, flame length, and fireline intensity)
over an entire landscape using constant weather and fuel moisture conditions for an instant in
time. FlamMap incorporates the following fire behavior models that were discussed in detail in
Unit 5: Geospatial Fire Analysis:

Rothermel's 1972 surface fire model

Van Wagner's 1977 crown fire initiation model
Rothermel's 1991 crown fire spread model
Nelson's 2000 dead fuel moisture model

FlamMap 3.0 has three main features: Fire Behavior Outputs (Basic FlamMap), Minimum Travel
Time (MTT), and Treatment Optimization Model (TOM). In Unit 6, we will cover only Basic
FlamMap and MTT since they are particularly useful for Short-Term Geospatial Fire Analysis.

The Basic FlamMap feature creates raster maps of potential fire behavior characteristics (such as
spread rate, flame length, fireline intensity, and crown fire activity) and environmental
conditions (dead fuel moistures, mid-flame wind speeds, and solar irradiance) over an entire
landscape. These raster maps show fire behavior and environmental conditions for one instant in
time and can be viewed in FlamMap or exported for use in a GIS or word processor.
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Figure 1 — FlamMap Crown Fire Activity Output displayed in ArcGIS.

Figure 1 shows an example of using Basic FlamMap to give insight as to where crown fire
activity may occur across the landscape or area of interest during the peak of the burn period
using forecasted weather and winds. (Exported from FlamMap and displayed in ArcGIS.)
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FlamMap’'s Minimum Travel Time (MTT) fire growth is computed under the same assumptions
asin Basic FlamMap: all environmental conditions (wind and fuel moisture) are held constant in
time. Therefore, MTT calculations can generate fire growth in the absence of time-varying winds
or fuel moisture content, which enables analysis only of the effects of spatial patterns of fuels
and topography. MTT functions somewhat like an automated version of the fire spread mapping
exercises you completed in S-490; however, MTT uses more complex fuels and terrain
information.
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Figure 2 — Screen capture of FlamMap’s Minimum Travel Time Simulation for the PackTrail fire.

Figure 2 shows an example of how MTT was used operationally on a fire in 2005 to project
expected fire movement with a forecasted wind event. (Screen capture from FlamMap with text
added.)

FlamMap MTT is not a replacement for FARSITE, nor is it a complete fire growth simulation
model. Although you can run a simulation for many hours, the wind and weather inputs remain
constant for the duration of the simulation. FARSITE, however, can model fire spread and fire
behavior using varying wind and weather inputs that allow dead fuel moisture conditions to
change over time. MTT uses spatial information of topography and fuels to calculate fire
behavior characteristics for the duration of the simulation using one set of wind and fuel moisture
conditions.
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2. FlamMap assumptions and limitations

Since FlamMap uses the same underlying models (Rothermel’s 1972 & 1991, Van Wagner’'s
1977, and Nelson’s 2000) for surface fire spread, crown fire spread, and dead fuel moisture, it
will inherently have the same assumptions and limitations as each of those models. In addition,
FlamMap 3.0 has a number of additional limitations:

All fire behavior calculationsin Basic FlamMap and MTT assume that fuel moisture,
wind speed, and wind direction are constant for the simulation period.

The fire behavior calculations are performed independently for each cell on the gridded
landscape.

MTT calculations generate fire growth in the absence of time-varying winds or moisture
content, which enables analysis only for the effects of spatial patterns of fuels and
topography.

Currently MTT does not calculate fire spread due to spotting. The addition of this feature
is planned for late 2008.

FlamMap MTT, like other geospatial fire behavior applications, does not model fire
spread due to falling snags or rolling debris.

3. FlamMap in comparison to other fire behavior modeling applications

As explained in Unit 5, Basic FlamMap and MTT use the same underlying fire behavior models
as the fire behavior applications BehavePlus, FARSITE, and FSPro; however, there are
differences from these spatial and non-spatial fire behavior models. Following is a summary of
some of these differences.

3.1 FlamMap compared to BehavePlus

FlamMap and BehavePlus use the same basic fire spread equations.

FlamMap is similar to BehavePlus in that it is non-temporal; it uses one set of wind and
fuel moisture conditions along with fuel characteristics and topography for each
landscape cell.

Basic FlamMap is different than BehavePlus because it is spatial, thus fire behavior
outputs can be displayed across an entire landscape.

Because it calculates fire behavior outputs for every cell on the landscape, FlamMap can
perform millions of runs such as those conducted in BehavePlus.. But instead of tabular
and graphic outputs such as those produced by BehavePlus, FlamMap outputs are
displayed geospatially in map format.

Basic FlamMap can be thought of as a“spatial Behave” (Stratton, in press).

Figures 3, 4, and 5 show a comparison of BehavePlus and FlamMap inputs and outputs.
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Figure 3 — (A) BehavePlus inputs and (B) BehavePlus outputs.
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Figure 4 — Example of FlamMap Inputs tab display.
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Figure 5 — Example of FlamMap’s Flame Length output.

3.2FlamMap MTT compared to FARSITE (Fire Area Simulator)

e Basic FlamMap isnot afire growth simulation model. It provides fire behavior
characteristics for every cell, asif the entire landscape was burning al at the same time.
FARSITE provides fire behavior characteristics within the ssimulated fire perimeter.

e MTT isgpatia and uses most of the same inputs as FARSITE, providing fire growth
across the landscape for short periods of time for a single set of wind and fuel moisture
conditions. In addition to rate of spread (ROS) grids, arrival time contours, and time of
arrival grids, MTT calculates fire flow paths. There are two major differences between
MTT and FARSITE.

o MTT isnot temporal. It uses only one set of wind and fuel moisture conditions
for the duration of the simulation. FARSITE can utilize wind and weather inputs
of amost any temporal resolution for varying wind speed, wind direction, and
dead fuel moisture.

o Asof autumn 2008, FlamMap 3.0 MTT did not have the ability to model fire
spread through spotting in the PC (desktop) version. This feature should be
available by late 2008 or early 2009. FARSITE does simulate fire spread due to

spotting.



S495 Unit 6 Lesson 1

Figure 6 — (A) MTT simulated 2-day wind event using one set of wind and weather conditions
(strong west winds [gridded]); and (B) FARSITE 2-day simulation using two days of forecasted
weather conditions.

Y ou will learn more about FARSITE in Unit 7 of this course.

3.3FlamMap MTT compared to FSPro (Fire Spread Probability)

e The primary purpose of FSPro isto predict the probability of each cell on the landscape
burning during a given period of time using an LCP and historical weather observations
to create weather scenarios.

e FSPro uses multiple weather scenarios for multiple simulated fires (like MTT it uses only
one set of conditions per day) to calculate the probability of acell burning within a
defined time period.

e FSPro actudly utilizesmany MTT runs to calculate burn probability over a specified
period of time. MTT generally uses one or two burning periods.

e FSProisnot readily available for PC (desktop) use; therefore, it can redlistically only be
used within the Internet-based Wildland Fire Decision Support System (WFDSS). MTT
will also soon be available in WFDSS, but at thistimeis only available in a PC version.

Note: You will learn more about FSPro in Unit 8.

4. Common uses of Basic FlamMap and MTT

Basic FlamMap and MTT are very versatile and can be used for many different fire management
activities. Following are some potentia uses of FlamMap:

e Critiquing an LCP by reviewing the fire behavior output grids and comparing those
outputs to expected or observed fire behavior under defined wind and fuel moisture
conditions

e Getting aquick “snapshot in time” fire behavior assessment for an entire landscape given
forecasted wind and fuel moisture conditions for current fires
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e Modeling short-term (1 to 2 operational periods) fire spread using MTT when wind and
fuel moisture conditions can be expected to remain relatively constant — particularly good
for 1-2 day wind events

e Exploring “what if” scenarios and validating hypotheses

o What fire behavior outputs would be expected under 98" percentile ERC and
wind conditions?

o What isthe projected growth of an active fire perimeter if awind event were to
occur?

¢ Fire management documentation (such as prescribed fire and wildland fire use planning)
Pre and post fuel treatment evaluation

Following are some examples of the FlamMap uses described above.

Critiquing landscape files (LCPs) — An LCP created from LANDFIRE data was evaluated
using Basic FlamMap’s Crown Fire Activity (CFA) output grid (fig. 7). The FlamMap analysis
used weather conditions for August 12, 2007, when the Columbine Fire (blue line) made a crown
fire run to the east. Looking at the CFA output, it became apparent that the L CP needed editing
since only passive crown fire was modeled. The FlamMap CFA output shown in Figure 8 used a
modified version (including fuel models, canopy characteristics, and historical fire updates) of
the LCP; all other inputs remained the same. The modified LCP appears to more appropriately
model extreme fire behavior.
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Figure 7 — Example of FlamMap being used to critique a LCP file using LANDFIRE data.
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Figure 8 — Example of FlamMap being used to critique a LCP file using modified LANDFIRE data.

“Snapshot in time” fire behavior assessment — FlamMap was used in the example shown in
Figure 9 to map flame lengths for the entire fire area using forecasted wind and weather
conditions for the next operational period. This would be equivalent to conducting many
thousands of BehavePlus runs in many thousands of locations. Information such as this can be
used to help determine where suppression activities would or would not be effective.
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Figure 9 — This example shows FlamMap being used for Fire Behavior (Flame Length) for a “snap shot in

time” using forecasted weather for the peak of the burning period. (FlamMap flame length output grid is
displayed in ArcGIS.)
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Modeling short-term fire spread under constant wind & fuel moisture conditions —
FlamMap’s Minimum Travel Time (MTT) can be used to quickly simulate a forecasted wind
event along an uncontrolled fireline. Figure 10 is an example of MTT simulated fire spread with
four hours of high winds out of the west-southwest.

Figure 10 — MTT is used in this example to show fire spread using a forecasted wind

event. (MTT flow paths and arrival time grid displayed in FlamMap along with the fire

perimeter in red and area roads as black dashes.)
“What If” Scenarios — What if a thunderstorm produced a lot of dry lightning when the
management unit was at 98" percentile Energy Release Component (ERC) and Spread
Component (SC) conditions? What fire behavior could be expected? FlamMap can be used to
answer questions such as these, as exemplified in figures 11, 12, 13.

10



S495 Unit 6 Lesson 1

percentile ERC and SC.

Flame Length output using 98"

Figure 11

11



S495 Unit 6 Lesson 1

e el
FlamM ap1 Legend
Rate of Spread

Uitz IChainSa’Hr j
Mo Data

g

Figure 12 — Rate of Spread output using 98" percentile ERC and SC.

12
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Crown Fire Activity
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Figure 13 — Crown Fire Activity output using og™ percentile ERC and SC.

Fire management documentation (such as prescribed fire planning) — In Figure 14,
FlamMap was used to model potential crown fire activity for both the “cool” end (fig.14A) and
the “hot” end of the prescription (fig.14B).

This sort of modeling can also be useful for planning burnouts for wildland fires and managing
wildland fire use events.

Managers might also be interested in FlamMap-modeled fire behavior characteristics for the non-

target fuels outside the burn unit. This information can be useful for planning contingency
actions/management action points and areas that may present holding problems.

13
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Figure 14 — Examples of using FlamMap to model fire behavior for Prescribed Fire Planning. (A) Crown Fire Activity
for the cool end of the prescription and (B) Crown Fire Activity for the hot end of the prescription

Pre and post fuel treatment evaluation — FlamMap is useful for evaluating fuel treatments by
showing the expected change in fire behavior based on how the surface fuel models and/or
canopy characteristics will change as aresult of the fuel treatment. Figure 15 shows pre- and
post-treatment fire behavior (Flame Length, Fireline Intensity and Crown Fire Activity) for a
proposed fuel treatment area.

14
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Surface Flame Length Fireline Intensity Crown Fire Activity
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Figure 15 —FlamMap outputs for the 85th percentile condition, pre-treatment (top) and post-treatment (bottom).
The project area boundary is overlaid in black and runs north to south for approximately 4.5 miles. The long
linear feature to the east is the interstate (from Stratton 2004).

5. Data requirements (FlamM ap inputs)
5.1 Input overview
Before beginning a FlamMap analysis, it is important to spend some time identifying the project

data needs and the data sources. FlamMap utilizes the same input data as FARSITE, so if you
have the data to conduct FARSITE fire ssmulations for a project, you are all set to use FlamMap.

15
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Like FARSITE, FlamMap requires a landscape file (.LCP). As you learned in Unit 4, the
creation of an LCP requires the support of a Geographic Information System (GIS) to generate,
manage, and provide spatial data themes containing fuels and topography. The LANDFIRE
Project has completed the development of these themes for most of the lower 48 states as of late
summer 2008. Go to www.landfire.gov for more information.

At minimum, five raster data themes are required for an LCP: elevation, slope, aspect, fuel
model, and canopy cover. All themes for the LCP must be:

co-registered (for example, having the same reference point and units)
identical resolution (for example, cell size must be the same for al themes)
same extent (the corners of the rectangular spatial region must be the same)
same projection and datum (covered in Unit 4)

Some GI S data themes are described as "optional” (stand height, canopy base height [CBH] and
canopy bulk density [CBD]). “Optional” means only that they are not required to run a surface
fire simulation. However, these themes are required to calculate some aspects of fire behavior
(such as crown fire) that could be very important to your analysis.

There is one non-raster text file required to run FlamMap, the Initial Fuel Moisture (.FMS) file.
In addition, to utilize the optional fuel moisture conditioning feature in FlamMap, you also need
text files of weather data and wind data. These as well as the custom fuel model (.FMD) file will
be discussed in later lessons of this unit (Table 1).

File name | File ext. File type Required Optional
Fuel Model, Slope, Aspect, | Canopy Bulk Density, Canopy Base
Landscape LCP Raster Elevation, and Canopy Cover Height, and Stand Height
FlamMap requires a .WTR file to
Weather WTR Text none .utlllze the optional dgad fuel
moisture model. Same files as used
in FARSITE.
FlamMap requires a .WND file to
Wind WND Text none .ut|I|ze the optional dgad fuel
moisture model. Same files as used
in FARSITE.
Inltlgl Fuel EMS Text FlamMap needs begmnlng live none
Moisture and dead fuel moisture values.
Custom Fuel EMD Text none For fuel models other than the 13 or
Models ' 40 standard models

Table 1 — FlamMap input data files (required and optional).

5.2 The landscapefile (.LCP)

Landscape files can be generated from LANDFIRE data layers as described in Unit 4's Lesson 1.
In addition, some land management units have locally developed LCPs available for use in

16
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FlamMap. Landscape files for the exercises associated with lessons 2 through 5 of this unit will
be provided for you.
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Figure 16 — Input data themes required to run FlamMap are the same as those for FARSITE and are contained
in an LCP constructed from ASCII grid files that are of identical resolution, co-registered, and of equal extent.

Each cell (typicaly 30-meter x 30-meter) of the LCP comprises all of the themes “sandwiched”
together (Stratton 2006). Let’s ook at one of the cells from the LCP in Figure 16 to see what the
values are for each theme within that cell (see red oval). The values are as follows:

Elevation = 210 meters
Slope = 7%
Aspect = 170 degrees
Fuel Model = 10
Canopy Cover = 60%
CBH = 1.2 meters
CBD = 0.28 kg/m3

This information along with wind (speed and direction) and other weather inputs are also needed
for BehavePlus to calculate fuel moisture and fire behavior characteristics such as flame length,
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rate of spread, and fireline intensity as well as crown fire activity (fire type). But since hundreds
(or many thousands) of cells can exist in an LCP, a Basic FlamMap run is like conducting
thousands (or many thousands) of BehavePlus runs. It is important to note that each cell value
(such as fuel model, slope, and canopy cover) is supplying an input that is needed to run
FlamMap much as the user supplies these inputs for a BehavePlus run.

L esson summary

In this introductory lesson of Unit 6 you were provided with an overview of what FlamMap is,
how it compares to other geospatia fire models, what is needed to run FlamMap, and its
assumptions and limitations. In addition you were given some examples of how FlamMap can be
used.

In Unit 6, we will focus on how FlamMap can be used for Short-Term Geospatial Fire Analysis.
In subsequent lessons of Unit 6, you will learn how to run FlamMap, evaluate your results, work
through the calibration process, and learn how to display and interpret FlamMap results.

Please now proceed to Unit 6 Lesson 2: The Mechanics of Running Basic FlamMap...
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