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ABSTRACT

Identifying likely wildfire ignition points has obvious significance to naturd resource
managers interested in effectively planning wildfire risk mitigation programs.  Furthermore, it
stands to reason that the risk of at least some types of wildfire ignition can be related to a variety
of cartographic features (e.g., lightning strikes are more likely on ridge lines, accidenta human
causd fireignitions are more likely in heavily used aress, etc.). This study will use an extensve
database from Y osemite Nationd Park to investigate the feasibility of identifying wildfire
ignition risk usng standard GIS cartographic analys's procedures, statistica inquires, and
artifica intdligence techniques.



INTRODUCTION

Therisk of catastrophic wildfire is becoming amgor source of concern for federd, state
and loca land managers. Increased human development in wildland aress, heavy fud |oads due
to past fire exclusion practices, and increasingly frequent drought conditions are al believed to
be contributing to increased risk for catastrophic fire across much of the United States. Large
wildfires such those which occurred in 1988 and 1989 in Y ellowstone Nationd Park often result
in large-scale property damage and can lead to the loss of human life. Wildfires of this
magnitude are aso extremely expengive to control and extinguish. As aresult, more and more
pressure is building to actively manage wildfire risk on public lands.

Unfortunately, not dl public land managers are fire management experts and those who
do have some expertise are usualy working with limited time and within limited budgets.
Currently, alarge project is underway at Colorado State University to develop atechnologica
support system to aid public land managers in managing wildfirerisk. This paper describes
efforts to date regarding one portion of thislarger sudy; namely, an effort to predict likely
wildfire ignition points based on cartographic festures usng combined GIS and artificid neura
network technologies.

Artificid neurd networks are a computer-based form of artificid intelligence insoired by
the design and function of the mammadian brain. Neura networks have the capatility of
performing inteligent tasks such as learning by example, generdizing learned knowledge and
recognizing patterns (Nigrin, 1993). The development of aneura network involves atraining
phase and atesting phase. During the training phase independent (input) variables and
dependent (output) variables are fed into the network. The network thereby “shapesitself to
reflect the relationships between the inputs and outputs’ (Klimasauskas, 1991). During the
testing phase a new set of input variables are given to the neural network and it predicts the
outputs. These predicted outputs could then be compared to known actua outputs to determine
the accuracy of the predictions.

Artificid neurd networks were used to predict wildfire occurrence by Vega-Garciaet d.
(1996), who examined humantcaused wildfires in the Whitecourt Provincid Forest in Alberta,
Canada. The neurd network developed by Vega-Garciaet d. attempted to predict which (if any)
of anumber of geographic regions would experience awildfire on any given day based on the
cartographic and recreationd characteristics of the regions. The network was tested using
historica datafor 1991-1992. Once refined, the neura network was able to correctly predict
85% of the no-fire observations and 78% of the fire observations.

The ability to predict wildfire occurrence in generd geographica regions would no doubt
be hdpful to wildland managers, but in the present study we will atempt to develop an even
more precise predictive modd. The current study is attempting to develop a neura network that
will produce maps of ignition likeihood for large areas. Magps of this sort will show the
probability of wildfire ignition for every point in aregion of interest. These mapswill be both
more geographicaly precise than those developed in the earlier sudy (by showing ignition risk



on a point-by-point basis rather than smply showing an aggregete leve of risk for aregion) and
provide probabilistic ignition risks rather than the smple binary “fire/no fire’ predictions
produced in the previous study.

Dueto avalability of data, diversty of terrain and fud levels, and other factors,
Y osemite Nationa Park was chosen asthe study Site for this project. For initial model
development, we chose to limit the sudy to only lightning-caused wildfireignitions. In the
future, we hope to rdax this limitation and congder fireignitions of dl types.

METHODOLOGY

Data Acquisition

Most of the Y osemite Nationd Park data used in this study was acquired from Jan van
Wagtendonk, USGS, Y osemite Fidd Station. Data obtained from Dr. van Wagtendonk includes
digital maps showing Y osemite Nationd Park boundaries, historica wildfires (1930-1998) and
fud modds. Thefud modd datawas derived from Thematic Mapper imagery taken by
LandSat 5 on July 29", 1992. Fuels were modeled according to the NFFL fuel model guidelines
and iteratively ground verified over severd years (van Wagtendonk, 1997). Digitd eevation
models for the Y osemite area were obtained from the USGS web site
(edewww.cr.usgs.gov/webglis).

Data Manipulation

This data required extensive manipulaion and andyss beforeit could be utilized in
building an atificid neura network. Unless otherwise noted dl manipulations were performed
using Arclnfo and ArcView GIS packages (ESRI Inc.).

The 33 DEM files covering Y osemite Nationd Park were converted into Arcinfo GRIDs
(rester based Arcinfo coverages) and resampled from 30 down to 5 meter cell Sizes. The
resampling was necessary due to the smdl size of many of the higtoricd fires. These GRIDs
were then mosaiced and clipped to the park boundary. The resultant DEM GRID was used to
create dope and aspect GRIDs. Likewise, the 33 fuel files were converted into GRIDs,
mosai ced, clipped and resampled to 5 meter cell sizes.

Next, it was necessary to locate ignition points of wildfires during amulti-year period.
The wildfire data from 1990 to 1998 was consdered to be the most accurate available and was
temporally close to the imagery capture date and its subsequent ground-truthing.  Therefore, this
data was used to locate ignition points. Unfortunately, the existing data showed only the fina
perimeter of wildfires; it did not show exact ignition points. For smal fires, deducing ignition



points to the 30-by-30 meter spatial accuracy of the mgjority of the raster databases used in the
Sudy was not difficult. Experts familiar with fire behavior believe that in most cases, fire

growth isprimarily (but not exdusvely) wind driven. Windsin the Y osemite area
predominately blow west-to-east. Thus, in the mgority of cases, Smply sdecting the
westernmost raster cell of the three or four cells that represent aone acre or smaller fireislikey
to produce areasonable estimate of the fire' signition point.

However, problems arose in deducing ignition points for larger fires. These large fires
were typicdly multi-day events, and wind conditions usudly changed a some point during the
course of thefire. These wind shifts cause the fire to move in different directions during the
course of its growth, thereby making the smple cdll sdection rule used to find ignition points of
amdl firesinvdid. Thus, it was decided to investigate the possihility of using the ignition points
of amdl firesto represent dl fireignition pointsin Y osemite.

Lightning ignited wildfires that occurred between 1990 and 1998 were extracted from the
historica wildfirefile obtained from Dr. van Wagtendonk. These lightning-caused fires were
separated into those that obtained afind (extinguished) size of equd to or less than one acre and
those greater than one acre. A series of 18 GRIDs were then created, two grids for each year
between 1990 and 1998. One set of nine GRIDs showed fires one acre in Sze or smaller that
occurred in each of the nine years, and the second series of nine grids showed fires larger than
one acre in Sze for each of the nine years. These 18 GRIDs were then used dong with the
elevation, dope, aspect and fue model GRIDsto create avery large datafile to beused ina
datisical andyss. The data file contained thousands of records, S records for each raster cell
inthe GRIDs. Each record recorded the dope, devation, agpect and fuel modd of a particular
cdl, dong with a binary variables that recorded ether the presence or absence of asmdl fire
during agiven year and a second binary variable recording either the presence or absence of a
largefire.

The dope, aspect, devation and fue model characteristics of both large and smdl fires
were then compared statisticaly using the SAS datidtica package. The results indicated that
there was no satistica difference between the dope, aspect, devation or fue type characterigtics
of cellsthat supported large fires and the characteristics of cdllsthat supported amdl fires This
dlowed usto use only the smdl fires as arepresentative sample of dl fire cdls. Thiswas
helpful, because it dlowed usto use the ignition points of smal fires as a representative sample
of theignition points of dl firesin Y osemite Nationd Park.

Neural Network Development

Data from both cells representing wildfire ignition points and cells representing non-
ignition pointswill be used to build an artificid neurd network designed to predict ignition
likelihood from descriptive cell data. The data describing each cdl will include the dope,
elevation, agpect, and fuel modd data described previoudy, and will dso include landform data
and rain shadow information derived from topographic and climate data.  The neura network
will be created usng Neura Sm software from Aspen Technology Inc. and will be based on the
back-propagation and feed-forward approaches. When completed, this network will predict the
likelihood of an ignition occurring on a particular raster cell during anine-year period based on



the cell’ s descriptive data. Optima network parameters will be obtained viaa controlled
experimenta process designed to investigate the plausible range of network parameters,
including number of hidden nodes, form of activation function, training rate, etc.

As a second stage of this study, we plan to build a second neura network designed to
predict dl fire ignition probabilities (insead of just lightning-caused ignitions) from an expanded
set of cdl descriptive variables. This expansion will likely involve anumber of variables
designed to measure human use, Smilar to the variables used in the Vega-Garcia et d. (1996)
study. However, no effort has been made to capture these expanded variables at thistime.

EXPECTED RESULTSAND APPLICATIONS

The accuracy of the neural networks developed in this study will be tested by applying
them to a evaluation data set completely independent of the data used to develop the networks. It
is hoped that the resultant networks will have accuracy levels of at least 70 to 80%.

Assuming an acceptable predictive modd is developed, it will be incorporated into a
larger modd designed to assst fire managers in identifying wildfire hazard mitigation Strategies.
Thislarger modd will be based on the concepts and ideas developed by Dean and Pool (1996)
and Heimiller and Dean (1998), and will incorporate the dgorithmic improvements described by
Valdez and Dean (2000).

CONCLUSION

As evidenced by their number and severity in the summer of 2000, wildfires are a serious
problem throughout the United States. Anticipating where these fireswill ignite has mostly been
limited to educated guess work. It isthe hope of this study to provide a technologica support
system for predicting likely points of wildfiresignition.
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