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An integrative approach to simulating prescribed fire in Northern Arizona
By Tanya Hardison and Earl G. Zimmerman,

University of North Texas, Department of Biological Sciences

Abstract: Simulation of fire requires an extensive amount of data and can be
accomplished best using GIS applications.  This paper demonstrates the
integrative procedure of using of ArcGIS, ERDAS Imagine, GPS, and FARSITE
to predict prescribed fire behavior on the Kaibab-Paiute Reservation, a distinctive
landscape of sagebrush grasslands and juniper-topped mesas.  ArcGIS was
used to create a database incorporating all variables into a common spatial
reference system and format for the FARSITE model.  ArcGIS Spatial Analyst
was then used to select optimal burn sites for simulation.  Our predictions will be
implemented in future interagency efforts towards vegetative restoration on the
reservation.

INTRODUCTION
Ecological restoration has gained increasing recognition for several

decades, and use of fire to manage and restore native vegetation is also gaining
popularity as a means for restoration.  Consequently, the Kaibab Paiute tribal
council, in conjunction with the Bureau of Land Management, Bureau of Indian
Affairs, and the Ecological Restoration Institute at Northern Arizona University,
have developed a joint effort with the intention of using prescribed fire on the
Kaibab Paiute reservation in northern Arizona.  Primarily, this use of fire will be
for vegetative restoration, specifically short-grass prairies which have been
encroached upon by other native and non-native species of plants.  Since this
area is federally managed and no burning has been allowed, an excess of
natural fuel-load for fires has put villages located on the reservation in increased
danger of catastrophic fire events.  Also, the decline of short-grass species has
decreased the economic value of the reservation lands for such profitable
endeavors as cattle grazing and leases for deer hunting.  It was for these
reasons that the use of fire has been tentatively prescribed, and that prescription
demands the need to accurately predict and model fire behavior using site-
specific criteria.

The purpose of this paper is to convey the findings of our research and
show how GIS was a valuable tool for meeting that need.  GIS plays an integral
role in representing the physical features of the reservation while remote sensing,
along with GPS field verification, is used to determine vegetation coverage.  We
attempt using ArcGIS to model fire, to employ the pathdistance function in Raster
calculator.  Next, we rely on GIS to build the digital landscape for use in
FARSITE, fire simulation software from Systems for Environmental Management,
Inc.  Sites were selected for a test burn using ArcGIS Spatial Analyst and multi-
criteria decision analysis, which assisted in the creation of simulated
experimental burns for delivery to the reservation land management team.

The fire model results we deliver will provide information on the potential
for impact of fire on the reservation with the intended outcome being that fires
(accidental or purposeful) can be controlled and managed to reduce danger to
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people and property.  Specifically, the following objectives were met by this
research:
� Collect and create digital geographic data for the Kaibab Paiute Reservation
� Replicate the perimeter of an accidental fire that took place in the summer of

2000 using ArcGIS
� Simulate the fire of 2000 using FARSITE
� Use ArcGIS Spatial Analyst and Multi-criteria Decision Analysis to create a

prioritized database of suitable sites for a test burn

BACKGROUND
Fire management begins with describing how the characteristics of an

area’s ecosystem might be affected by fire (Fischer, 1985).  A model
incorporating spatial characteristics is necessary to predict or simulate those
affectations (Miller and Urban, 1999; Miller and Urban, 2000; Kilgore, 1985;
Kushla and Ripple,1997; Ross, 1999; Green, et al., 1995; Albini, 1976).  Over
time, the concept of such a model has changed along with technology.   The
latest models for fire use GIS-based data and produce a three-dimensional
simulation (Ross, 1999; Green, et al., 1995).  This simulation makes it possible to
employ prescribed fire techniques more safely and to easily communicate results
to managing agencies (Ross, 1999).

Historically, models that predict fire behavior have differed greatly.  Albini
(1976) listed the first documented fire model as being published in 1946.  Models
from this time and even some algorithms being published today are completely
mathematical with a calculator as the main processing tool.   Unfortunately, a low
level of accuracy is inherent with most of these mathematical models, and each
model was designed for a specific fuel type without variation, or in some cases,
complete heterogeneity of vegetation.  Earlier models also assumed the name of
“fire spread” models, giving little attention to the intensity aspect of fire.  Later,
computer-based models, such as FYRCYCL (van Wagtendonk, 1985) added
more parameters for input, which, in turn, increased accuracy output data.
However, these simulations were still specific to only certain types of fuel loads.

GIS is stepping into the lead for simulating prescribed fires because of its
unique abilities regarding spatial calculations.  FARSITE, a C++ program
developed by Systems for Environmental Management, is a raster model as
opposed to other GIS models which use vector calculations.  Raster models
utilize a neighborhood function to create the fire shape and spread (Jensen,
2000).  In other words, each cell (raster) uses the constant spatial arrangement
of neighboring cells to determine its reaction to the spread of fire.  In addition to
using FARSITE itself, this project explores the use of these raster characteristics
in ArcGIS.

STUDY AREA
The Kaibab Paiute Reservation in northern Arizona was an ideal study

area for this project (Figure 1).  The Reservation is 48,737 hectares (over
120,000 acres) in size and is unique in its combination of history, geology and
vegetation, this region serves as an excellent site for analysis of this type.  About
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90% of the reservation is undeveloped grazing land or elevated mesas, used for
deer hunting.  As a part of the Arizona strip, this region has a rich history of multi-
cultural colonization (Holt, 1992), and combined with the geology and vegetation
types endemic to the Colorado Plateau (Baars, 2000), it serves to make this
project a novel case study for prediction of fire behavior.

Geologically, this area is part of a much larger region known as the
Colorado Plateau a geologically defined region in the southwestern United
States, situated in northern Arizona, southern Utah, southwestern Colorado and
northwestern New Mexico.  It includes deep canyons, high plateaus, mountains,
and flat-topped mesas.  Populated areas of the Reservation consist of five Paiute
villages, and a non-Native American community, Moccasin, in the center of the
Reservation.  A point of interest is Pipe Springs National Monument which
contains an old Mormon settlement home and one of the area’s natural springs.
Locations of these areas are crucial, as they must be excluded from the
prescribed fire plots.

Historical land-use is pertinent to this study as a result of overgrazing in
the past.  Mormon pioneers settled this harsh environment and brought large
numbers of cattle through the Arizona strip.  These settlers moved into the area
in the 1850’s and exploited the land with massive cattle operations which left the
rangelands completely exhausted.  At one time, it was noted that the area hosted
over a million cattle.  Extreme overgrazing of this land rendered the natural
grasses unable to compete with the oncoming invasion of such native species as
piñyon pine, juniper and sagebrush and exotics like cheat grass (National Park
Service, 2001).   Not only do these invasions change the ecology and geology of
the land, but they also degrade the land’s economic value for further ranching
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and deer browsing (Alcoze, 2001; Holt, 1992).   Figure 2 shows a typical
condition of the grasslands on the southern half of the Reservation.

Figure 2.  Photo of grasslands on the Kaibab
Paiute Reservation

Another relevant factor is the history of fire suppression in this area.  As
part of traditional Paiute land management, burning was integrated with a
nomadic existence involving the gathering of piñyon nuts and a few cultivated
crops (Alcoze, 2001; Holt, 1992).  Naturally, after Mormon occupation of the
region, burning ceased, thus creating a build-up of fuels for fires, a process
known as fire suppression (Fischer, 1985).  Fire suppression continued after the
land became the Kaibab Paiute Reservation in the 1930’s.

Dangers associated with fire suppression can be documented following an
accidental fire that occurred in the summer of 2000.  Several acres near one of
the villages were burned with only morphology of the land saving the homes of
the Moccasin residents from destruction.  Consequently, this fire was used as a
means of verifying the accuracy of our fire model.

DATA COLLECTION
Data collection was a significant portion of our research.  Our first priority

was to create a vegetation classification to represent the fuel load component of
the model.  We purchased a LANDSAT7 ETM image that was recorded before
the fire of 2000.  Through a combination of extensive field verification and
supervised classification techniques in ERDAS Imagine, we created a six-class
fuel load model with 96% accuracy.  Table 1 shows the categories that were
used.  These are the categories that FARSITE requires and are based on the
research of Anderson (1982).

All other data, once received, were projected to UTM, zone 12, WGS 1984
datum to match the vegetation classification.  After being appropriately
transformed, if necessary, data were clipped (or masked, if raster) to the
boundary shapefile of the Kaibab-Paiute Reservation, downloaded from GIS
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Data Depot (www.geocomm.com).  USGS was the source for all digital elevation
models.  DEM’s were downloaded, converted to GRID files, and merged.
Elevation GRID datasets created from USGS DEMs have an 83.3-meter cell
size, so, for use in analysis with the other datasets of this project, it was
necessary to resample the elevation dataset to a 30-meter cell size so that it
would match that of the vegetation classification.  Once this was accomplished,
the elevation grid was clipped, and, finally, slope and aspect were derived using
ArcGIS Spatial Analyst extension.

Table 1.  Anderson’s (1983) fuel load classes represented on reservation.

Vegetation
Category

Description

1 Continuous herbaceous coverage with < 1/3 shrub
2 Herbacious material, litter, open shrublands1/3 to 2/3

shrub, some piñyon/juniper
4 Nearly continous second overstory, mature shrubs, > 6

feet tall, deep litter, thick piñyon/juniper
5 Young, short, green shrubs, little dead material
6 Older shrub, < 6 feet tall
99* Bare (non-fuel)
* not in Anderson’s categories but necessary for FARSITE

Locating meteorological conditions proved to be a difficult task.  Due to the
remoteness of the study area, weather data are not collected on the reservation
or even close by.  Research online of the NOAA historical data showed St.
George, Utah, to be the closest weather station but the data were incomplete and
difficult to understand.  Weather Underground (www.wunderground.com) was the
most efficient provider of this data.  However, the important factor of wind
direction was missing from their collection.  Following personal contact, a
representative of Weather Underground located the data needed within the
archives of NOAA historical weather data for Page, Arizona.  Page is roughly the
same distance from the reservation as is St. George and more similar in
elevation.  Therefore, Page became the operative choice for meteorological data.
Other necessary data and their sources were as follows:

� Fuel moisture was determined by using Rothermel’s (1983) guide.
Relative humidity was obtained from Weather Underground and
input in a series of calculations, along with other variables such as
height above sea level, shade, time, etc.

� Vector data, such as roads, can be an existing barrier to fire, while
a village would be an existing feature in need of a barrier for fire
protection.  All roads on the reservation were digitized to shapefile
format from the DOQQs (loaned for this project from the BLM office
in St. George, Utah), while all points to be excluded from fire were
collected using a Garmin GPS unit.

http://www.wunderground.com
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� Ignition point or  source of the fire of 2000 was taken directly as a
GPS point and converted to a shapefile.

� The perimeter of the fire in 2000, created by digitizing the burned
area on a post-fire LANDSAT image of the study area, also
purchased from USGS.    

ARCGIS FIRE MODEL USING PATHDISTANCE
The second objective of this research was to attempt to create a fire

model using solely ArcGIS tools and extensions.   Since ESRI’s ArcGIS software
was already installed in our research facility, we wanted to employ all our existing
resources before implementing other approaches.  Variables for input were
determined by looking at earlier models, specifically FARSITE.  Data necessary
for the model included vegetation (or fuel load), terrain and location data for
villages, roads, and places to be protected from fire.  Other variables such as
meteorological conditions and soil moisture are also entered as raster datasets.

To create the fire model , we used ArcGIS Spatial Analyst tools which
encompass most of the functionality of ArcGrid.  ArcGrid has the capability of
processing an operation called “pathdistance.”  Pathdistance was the closest
function possible for weighing so many variables.  This command calculates the
least accumulative-cost distance over a cost surface from a source cell while
accounting for surface distance and horizontal and vertical cost factors.  As with
most functions that ESRI provides, this is a general operation with an array of
applications, one of which could be the modeling of fire.

Theoretically, one should be able to input a number of raster datasets into
the algorithm provided in the pathdistance function and output a grid of values
quantifying the likelihood of being burned.  Table 2 shows how these arguments
were fulfilled in ArcGIS’ Spatial Analyst Raster Calculator.
 
Table 2.

ARGUMENT WHAT IS IT
Source Grid cell defining source of fire
Cost Grid vegetation grid dataset
Surface Grid elevation grid dataset
HorizFactor Grid wind direction (constant 90) grid dataset
HorizFactorParm “Forward”
VertFactorGrid elevation grid dataset
VertFactorParm N/A
O_backlink_grid
o_allocate_grid N/A
max_distance N/A
value_grid  N/A

Obtaining an accurate model was dubious, since the algorithms for
weighting the variables that previous research and other models  employed in
this task were absent from the ArcGIS functions.  In spite of this, using the



7

variables that were generally agreed to be the most influential on fire behavior as
pathdistance arguments did, in fact achieve questionable results (Figure 3).  Two
striking features of the pathdistance analysis are notable: the output is
numerically and spatially continuous, which means it had to be classified
subjectively in order to make it useful.  We used 20 classes and natural breaks to
achieve what we consider to be only an aesthetically correct result (seen in deep
red).

Figure 3.  Results of pathdistance function in Spatial Analyst, Raster Calculator

FARSITE FIRE MODEL
FARSITE fire modeling software was also used to simulate the fire

behavior of the fire in the summer of 2000.  Creating and loading input data into
FARSITE is, by far, the most time consuming step in this particular modeling
process.  All of the data used in the ArcGIS pathdistance model were used in this
model, although additional data were necessary as well as run-time user input.

Upon experimenting with the use of FARSITE, it became clear that using
ArcGIS (ArcINFO) was a necessity to even initiate the process.  Before
simulation may begin, it is necessary to input many spatial and temporal
variables for analysis.  All inputs, except for run-time user inputs, must be in a
precise ASCII format and saved as specific file structures within FARSITE.
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First, a landscape file must be created.  This file represents all of the
terrain variables of the study area, including elevation, slope, aspect, and several
characteristics about fuel loads including the vegetation coverage created earlier.
These files were converted using the ArcToolbox function of GRID to ASCII.
Second, after calculating the fuel moisture at the time of ignition, again with
Rothermel’s (1983) formula, this information is entered into ASCII format and
saved in its appropriate file structure in the FARSITE inputs.  A weather file is
created using ambient temperature and relative humidity and a wind file is
similarly created with wind speed, direction and time.

Lastly an adjustment file is generated.  According to FARSITE
documentation, a first run through a simulation does not work perfectly due to
input inaccuracies and a variety of factors that could not be input at all.  The
adjustment file’s purpose is to calibrate the model for these unknown factors.
These were set according to fuel load type.  All settings were set to 0.25, except
for fuel class 6 which ran better at 0.15.  Of course, these values are subjective
for the user and are meant to change depending on the results obtained from
multiple trials.

After all static inputs were entered, the next step was to enter run-time
variables and run the model.  The simulation begins by inputting the landscape,
weather, wind, fuel moisture and adjustment files.  The user must then set the
time and duration of the fire.  In the case of the fire we were attempting to
recreate, it began on July 21, 2000 at 9:20am.  The end time was set to July 25
at noon, even though the precise end time of the fire is uncertain.  Existing
barriers to fire (roads) were included, as well as the ignition point shapefile.

Output parameters were set according to suggestions in FARSITE
documentation.  For resolution of the perimeter and distance of calculation
defaults were accepted and left at 30 meters to match the input data.  This allows
for optimum accuracy with the given inputs.  The time steps variable was also left
at 30 minutes which means that the calculation will process the data in 30-minute
(real time, not processing time) increments.  Finally, the visible steps were set for
every 2 hours.  Every 2 hours of the fire will produce a line showing a burn
perimeter.  This feature allows for one to view the growth of the fire as it
proceeds through the simulation.

After completing calculations, results were produced in the form of a
shapefile showing the perimeter of the fire as it grew (Figure 4).  Immediately, it
can be seen that after 5 days of burning in the simulation, the modeled perimeter
does not match the perimeter of the actual fire.  Furthermore, the perimeter is
shown in time increments, and at no time does any single simulated perimeter
correspond exactly with the boundary of the burned area.  It can be assumed,
then, that other behaviors of the fire such as fire intensity and spread rate also do
not correspond.

Any number of variables could have played a role in this discrepancy.  Our
first estimation is that the wind/weather component of the model was incorrect.
In the data collection phase of the research, we had difficulty locating historic
data from a site on or near the reservation.  As previously stated, we used
meteorological information for Page, Arizona.  We can assume there are
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unknown differences between these two areas since there are at least 150 miles
between them.  However, the closest weather station in Fredonia, Arizona,
closed in 1976 (NOAA).  Our conclusion is that, in order to have simulated the
fire as it actually occurred, records of the weather conditions would have had to
exist closer to if not on the reservation itself.

Figure 4.  Map depicting FARSITE simulation results.

Other probable inaccuracies can be noted in our input variables, resolution
of raster data being the most obvious.  Terrain data were available to us at 83.3-
meter resolution.  At this scale, slope of cliff faces which are frequent in this
southwest topography may be vastly underestimated or even spatially dislocated.
Another resolution issue worth mentioning is the vegetation classification.  Even
with our high level of accuracy, the 30-meter cell size cannot take into account
for discontinuity within the cell; it can only interpolate the average vegetation
coverage for the entire cell.

Vegetation type itself may play some part in the problems faced in the
results of the model.  While the fuel load categories set forth by Anderson (1982)
appeared to be all-inclusive for vegetation types, we found it necessary to adjust
our interpretation in order to make the sagebrush grasslands and pinyon-juniper
mesa-tops fit into the categories as they were written.

Any one of these factors or a combination, including the unknown may be
the cause of our inability to recreate exactly the fire of 2000.  These problems do
not, however, reflect the validity of the model’s ability to predict the behavior of a
prescribed fire.  This will be discussed further in the section regarding the
simulation of the test burn plots.
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SELECTING SUITABLE TEST SITES
Deliverables of this research project to the agencies managing the

reservation, besides the fire model itself, should include one to three scenarios to
run in the model as test plots.  We  used ArcGIS Spatial Analyst and the simple
additive weighting (SAW) method of multi-criteria decision analysis (MCDA) to
determine the location of sites best suited for the purpose of simple experimental
burn plots.

The simple additive weighting (SAW) method was chosen from methods
of Malczewski (1999) for the incorporation of GIS and MCDA.  No new data were
necessary for this phase of the project, and the SAW procedure was followed by
simply manipulating the existing data using the raster calculator function of
Spatial Analyst.  Figure 5 gives a general overview of the this phase of the
project.

Figure 5.  A conceptual model representing all the variables that must be
considered in deciding the location of a burn site.

Since no single type of vegetation is preferable over another to burn, we
simply classified it for coverage or bare.  Common sense dictates that it is not
beneficial to try to burn an area that is empty of fuel.  Fire literature maintains that
fire management may be simpler on level land, so it was determined that an
experimental test burn would be better with less sloping topography.  Access to
the burn site would be necessary so a roads dataset was an important inclusion.
The previously burned area was also an input variable, as it would not benefit
from being burned a second time.  Other exclusion zones from the fire were
considered, such as villages, the National Monument, the town of Moccasin and
the boundaries of the reservation, all to be avoided for obvious reasons.

1. Data
Collection

2. Data
preparation

3.
SAW

4. Spatial
Analyst

5. Most
suitable plots
selected

6.  Map and
shapefile of
prioritized
plots for test
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Preparation of these data could not begin until a plot grid was determined.
As stated earlier, most of the land is undeveloped, leaving no true boundaries
within the reservation that could be used as plots for this spatial determination.
In other words, there are no smaller parcels that could be compared against each
other regarding their value as a test site.  Therefore, we opted that the land be
measured off in grid cells; the question was what size?

The fire on the reservation in the summer of 2000 burned for 4 days, and
the fire consumed 655 hectares (1,618 acres).  Since prescribed burns are
managed easiest in a 1-day period, to determine the test plot size, the area was
divided by four and the square root taken of the quotient to obtain an appropriate
cell size.  Thus, the area of each cell was 1,300m2.  Calculating out to be 330
plots, this was considered to be a manageable number of plots for analysis and
comparison.

 After the grid size was determined, resampling, and, in some cases,
constructing the grids were the next processes to be performed.  Some grids
simply needed to be resampled to change the cell size.  Other layers, however,
needed reclassification or even more complex functions performed on them so
they would be helpful to this analysis.  Following is a list of all layers and the
steps that were taken to make them ready to be used in the SAW process.  (See
also, Figure 6 for a detailed diagram of the SAW procedure.)

1. Vegetation – Reclassified to either vegetated or bare (0 or 1), then
resampled to 1300 meter cell size

2. Slope – Cell size resampled to match vegetation
3. Burned area – Feature to raster function of Spatial Analyst used, masked

to slope and reclassified to 0 or 1 (not-burned, burned)
4. Points to not burn – Point feature to raster, masked to slope and

reclassified to 0 or 1
5. Boundary – Line feature to raster, masked to slope and reclassified to 0 or

1 (cell contains boundary or not)
6. Highway – Separated from roads shapefile and line feature to raster,

masked to slope and reclassified to 0 or 1
7. Distance from highway – Costdistance function run in raster calculator

(temporary grid with fixed value of one created for cost grid, and highway
grid was source) Equation reads: “costdistance (highway, tempgrid, #, #,
#, #)

8. Distance from other roads – Roads shapefile (excluding the highway) was
converted from feature to raster and masked to slope and reclassified to 0
or 1.  Costdistance function was run (same process as for Distance to
highway)
After the data were ready to analyze, the steps of the SAW method were

implemented in Spatial Analyst.  This process was almost entirely carried out
using the raster calculator.  Once the layers were resampled, the values had to
be standardized using the score range method.  This method is particularly
appropriate for determining the lowest cost alternative.  Equation A, below, was
interpreted to equation B for implementation in the raster calculator.
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      A.
xij - xi

min

xij = ----------------
xi

max- xi
min

B.  (<grid_layer> - minimum value) / (Maximum value – minimum value)

Using this equation sets all the data layers on a scale of 0 to 1, or in some cases
0 or 1.  In all instances, 0 would be considered beneficial, as it is the least cost
plot for that particular criterion.

Figure 6.  SAW implementation in ArcGIS Spatial Analyst
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layers

Score range
procedure in
raster
calculator

Grid – minimum
       Max – min
(sets all layers on 0-1
scale)

Choose
layers,
resample,
reclassify,
costdistance
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Veg. cover * .10
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Highway * .07
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each
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layer by its
weight in
raster calc.

Overall score
Add all
weighted
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raster calc.

Rank grid
into classes
from good to
bad test sites
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Once the data layers are standardized, weights can be determined and
applied.  These weights, detailed in Figure 6, are chosen by the decision maker.
Obviously, the villages would be the most costly alternatives to burn, and so were
given the highest weight.  Access to the plot also ranked high in the weights,
while slope and distance to the highway ranked relatively low.  Multiplication of
the standardized grid layers and their assigned weights was carried out one at a
time in the raster calculator.

Finally, all weighted layers were added together in the raster calculator to
achieve the objective.  Output from this calculation was a grid that had values
from 0 to 1, representing the cost of burning that plot.  The closer the value was
to zero, the more suitable that plot would be for an initial test burn on the
reservation.  Upon studying the data, it was determined that ranking the 330 cells
would be confusing to the observer.  Therefore, a classification of those values
was made.  Five classes were named: Best plots, Adequate plots, Acceptable
plots, Questionable plots and Unacceptable plots.  The classification method was
natural breaks, then the last class was widened manually to encompass the
entire lower half of the ranked values.  Also, the upper class was restricted to just
the highest ranking value which six plots shared.

Figure 7.  Map depicting the results of using MCDA and ArcGIS to select suitable
test-burn sites.
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The product of the methods discussed earlier for selecting suitable plots
for a test burn are shown in Figure X.  Areas least recommended for burning are
shown in blue and, as predicted, are located primarily at the reservation
boundary.  A minor issue was the shift in the grid during resampling.  This
problem was noted and quickly disregarded, since burning near the reservation
boundaries would not be recommended (in case of escaped fire).   The six cells
which were selected as the best test-burn plots are near the highway for easy
access and (not shown) have little slope.  Based on personal knowledge of the
reservation features, we conclude that these areas are indeed appropriate sites
on which to run simulation test-burns.

Admittedly, this resulting output was a second attempt.  After the first
attempt, weights were altered, the highway itself was added as a separate cost
criterion.  Upon making these alterations, it was realized this process was
subjective and there is low probability that another user could repeat this project
and get the same results.

Another important issue is the grid cell size selection process.
From general research of fire behavior, it can be learned that a fire does not grow
at a steady rate, but almost exponentially.  Therefore, simply dividing the original
burned area by four would yield a much larger area than would probably burn in
one day.  This problem is of minimal importance, however, since the majority of
planning and managing a prescribed burn is done in situ, and such issues as plot
size could be easily changed in the decision-making process of the fire planning.

Aside from these minor difficulties, the resulting grid and map
appear to be accurate.  As for this phase of this project, we conclude that this
method was a successful approach to meeting the objective and will serve as a
practical aid in the actual fire planning on the reservation.

SUMMARY
While it may seem that the modeling of fire on the Kaibab-Paiute

reservation, was not accurate, given the probable causes for that failure, the
application of the FARSITE model may still be a helpful tool for predicting the
behavior of prescribed burns on the reservation.  It would seem that the location
which made this case study for fire modeling unique, also made data collection,
particularly historic weather data, a difficult task to accomplish.  Even considering
the inconclusive results, it is has still been convincingly shown that GIS can play
a useful role in the ability to model fire.

Applications of the FARSITE model exemplify the need for numerous
variables, many of which are spatial in nature.  GIS, alone among current
technologies can provide the means of creating and managing those data.  We
have also demonstrated a need for further advancements in the field of modeling
the complexities of fire.  As our skills and knowledge of this phenomenon move
forward, so, too, should our ability to capture it digitally in GIS.
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