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Abstract

Methods

Wildfires in our National Parks, forests and other forests across America are a frequent and important occurrence. They encourage new growth in the forests
creating more diverse and healthy ecosystems, but also destroy millions of dollars of lumber industry and residential structures every year. The state of
Oregon has numerous forest fires every year varying in size and destruction. Many of these fires take place in Crater Lake National Park and nearby National
Forests, such as Umpqua National Forest (Figure 1). This project compares these two areas and considers the question of whether or not forest management
has any effect on the frequency of fires in them. A fire susceptibility model is developed in order to better predict where fires are more likely to occur. The
model incorporates factors like vegetation type, weather patterns, hill slope, elevation and insect devastation. This information can assist in fire prevention
planning as well as aid in deciding whether or not logging and other forest management techniques should be used to decrease the likelihood of fires in this
park and forest.

While researching the first question a pattern began to appear in the factors that effect and contribute to forest fires. The factors found to be the most
important and the ones picked to be incorporated in the model are: hill aspect, hill slope, crown fire risk, elevation, available fuel, insect devastation, and
weather patterns. Once these factors were chosen GIS data for each factor had to be obtained in order to run various tools and analyze the data. This
analysis was done in order to create a risk ranking for each factor on a scale of high, medium and low risk. Once I had the risk calculated for each of the
factors the raster calculator tool was used to add each of these factors together. When combining the risks they were not added evenly, each factor was
multiplied by a weight or variable of importance. These variables were found on the Oregon.gov website from a weighted equation they developed to calculate
fire risk. The reason these weights are given to each factor is because not all factors contribute equally or have the same importance when it comes to overall
fire risk. The combination of all the weighted factors gives a susceptibility model of each park. The model shows the areas in each park that are most
susceptible to fire and most likely to burn.

Introduction

Both figures 2 and 3 are the work flow models for my fire risk analysis. The blue circles are the raw input data. The yellow rectangles are the analysis tools
used. Running these tools resulted in the green circles which are the data that is displayed in each of the factor maps below (Figures 4-10) . Figure 2 is the
work flow for the Umpqua National Forest and figure 3 is for Crater Lake.

Recently I was in Oregon as part of a field seminar class for the Geography department at the University of Wisconsin,
Eau Claire. We explored cultural, human and physical geography throughout the state. We visited various national parks
and forests looking at the physical features as well as some of the history of the areas. Throughout the trip I noticed an
element that has affected most all of the physical features in Oregon. That element is fire. There are a couple of different
sources for this fire that has shaped the land. There is the past and limited present volcanic activity that created fires
through the molten rock, as well as the many past and very present forest fires. These forest fires vary in size and severity
as well as how they are started. Many of the fires are started by humans accidentally but lightning strikes are also a large
contributor. I have an interest in forest fires and fire management and I felt that this would be a good topic that could lead
to a very interesting research project. There are two questions that were explored during this project.

Research Questions

Figure 1. Research study area map

What effect if any does forest management have on the frequency of fires in the Umpqua National Forest
and forests in general?
This question required much more book reading and source skimming for an answer than the second question in this project. In order to explore this
question I began to look around on the internet to see what I could find about how logging and forest management can affect forests. I also used some books
and movies in my exploration. Studies that have been done in the past also provided me with valuable information on the topic.

Figure 2. Work flow for Crater Lake fire susceptibility model

How do the fire susceptibility models for the two parks compare as far as risk of fire?

For this part of the project my research was primarily done through the creation of a fire susceptibility model of each of my study areas which are the
Umpqua National Forest and Crater Lake National Park in Oregon. The program I used to generate these models is called ArcMap which is a geographic
data analysis program.

Figure 3. Work flow for Umpqua National Forest fire susceptibility model

Results
The results from my comparison unfortunately do not include any data on where logging and forest management is taking place in the Umpqua National forest however based on my research on the effects of logging I feel that my fuel values and overall risk of fire in the park would be decreased. The comparison of each
factor in the two parks and the final result are very interesting and in some cases surprising. To get a sense of the differences a map was created of each factor comparing the two study areas. To help better understand and visualize the factors being described, below each of the factors with a description and map are
included.

Figure 4. In order for there to be a fire there has to be
available fuel. The fuel factor is based off of how much
vegetation like trees, grasses and shrubs, as well as
dead trees and brush, are in an area. Dead trees and
dry brush significantly raise the available fuel estimation
because they ignite much more easily than living
vegetation. Both parks have pretty high estimated fuel
availability because both parks are covered by dense
forests of mostly pine trees. The areas of white are
places like rock outcrops where trees won’t grow as well
and the lake obviously. In the Umpqua forest the areas
of light yellow may be places where logging is taking
place because that greatly reduces the amount of fuel
available for fires if done correctly. Looking at this
available fuel estimation it is not surprising that there are
so many fires in these parks. At Crater Lake alone this
past summer they had almost 50 fires.

Figure 5. A contributing factor to the available fuel
estimation is the destruction caused by insects. You can
see when this data was collected the insect effect was
very little in both parks with the majority not being
effected at all by insects. This data is a couple of years
old and if it was recalculated for the present situation in
the parks there would be a much higher insect impact
especially in the higher elevation areas. Insects such as
Mountain Pine Beetles are really starting to take a toll on
the forests in Oregon and Colorado.

Figure 6. The aspect of the hills in the parks is an
important factor in fire risk. For this model all of the hill
faces that are facing to the south, southwest and
southeast directions were chosen. The reasoning for
this comes from the fact that south facing slopes see
more sun light and are generally dryer than north facing
slopes. The dryer the hills are the more easily fires will
start in these areas and the faster the fire spreads. In
Crater Lake there are a lot of very prominent south
facing slopes. In comparison the Umpqua forest has
many south facing slopes but they are not covering
nearly as much space. Based on this observation it
appears that Crater Lake is at higher risk of fire, based
on the hill aspect in the park.

Figure 7. Slope was chosen as a factor in the model
because it has a large effect on how fast fires spread.
The steeper the slope is in an area the faster a fire will
spread because as the hot air rises from the fire it dries
and ignites the upper parts of slope. In a flat area the fire
moves along the forest floor at a much slower pace. This
map is showing the areas of 20 degree or greater slope
in each park. The Umpqua forest has many steep hills
and valley type features where Crater Lake is more of a
constant elevation increase except on the crater walls
themselves. Based on this comparison it is obvious that
this factor is much more of a prominent risk in the
Umpqua forest than in Crater Lake.

Fire Susceptibility Comparison

Figure 8. Crown fires are some of the most ferocious
and dangerous fires because they move very quickly
and are very intense compared to a normal fire. They
move so quickly because the tops of the trees are on
fire which makes it easy for the fire to jump from tree to
tree. For crown fires to happen there has to be enough
fuel like brush and dead trees on the forest floor that the
flames reach and burn the tree tops not just the lower
portions of the tree. In figure 7 you saw how there are
many steep valleys and hills in the Umpqua forest and
relatively few areas of steep slope in Crater Lake. Steep
slope is a key part of crown fires which may be the main
reason for the Umpqua forest being at a greater risk.

Figure 9. The higher the elevation the more likely a fire
is to occur in an area. This is a result of the increased
chance of lightning strikes which according to a ranger I
spoke with at Crater Lake is the cause of the majority of
fires in the park. A large portion of the Crater Lake Park
is over 2,000 meters above sea level and the whole park
is above 1,000 meters. Those areas in red on the map
are where the majority of the fires in the park start.
There is much less of a chance of lightning strike fires in
the Umpqua forest because of the relatively low
elevation with the majority of the park in the 300 to
1,200 meter range. There are also more insect problems
and tree diseases in the higher elevations which means
more dead trees and easily ignitable fuel.

Conclusion
As was explained earlier, all of the factors in figures 4-10 were added together to get what you see in figure 11 which is a fire susceptibility
model of each of the parks. Based on my susceptibility model Crater Lake National Park has a much higher risk of forest fires occurring. This
determination is made by looking at the amount of red color or high fire risk area on the map compared to the Umpqua forest. Some factors
that are likely contributors to this higher risk are the greater elevations, greater overall slope which can lead to more chance of crown fire,
and now the increased presence of tree killing insects and diseases. The greater area of south facing slopes and overall dryer conditions in
the park may be factors as well. Logging and forest management that is taking place in the Umpqua National forest may be a factor that is
keeping the risk there much lower. That can not be said for sure however, because logging data from the forest was not available for this
study.
In conclusion, I hope this project will add to the knowledge and understanding, by use of geographical data related to the element of fire, of
how humans can positively impact the devastation of fire or best manage it. By looking at a wide variety of factors that contribute to the fires
in a geographically spatial context, this study has shown information that can be useful to private land owners who want to protect their land
from fires as well as state level and higher government agencies that protect and monitor our National Parks and Forests around the United
States.

Figure 10. The final factor used in the model is the
weather for the two areas. This is showing an overall
weather risk which takes into consideration
precipitation totals, big storm potential and other
criteria. The areas in blue on average receive less
precipitation and large weather events. The green
areas are wetter which lowers fire risk. Crater Lake is
at more of a risk for fire based on this factor because it
is dryer than the Umpqua Forest.
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Figure 11. This is the combination of all the factors that make up the final fire susceptibility comparison of my study areas.
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