Objectives

Fires of all kinds cause significant damage to human life, property, and wildlife. Below is a list
from Western Forestry Leadership Coalition [1] of the most expensive fires in the Western

United States until 2007. The cost includes suppressbabilitation and other associated

costs.

FIRE Cost

Canyon Ferry $18,075,858
Cerro Grande $970,388,944
Hayman $207,700,049

Missionary Ridge  $152,803,785
RodeaChedeski $308,403,000
Old, Grand Prix, $1,276,933,224

As one can easily tell thaost of fires can be quite higWith the federal fire suppression cost
for 2006 reaching 1.9 billion dollars according to the U.S. Forestry Service [2], understanding
why fires form where theform is very impeotant. Recent press about the fires being linked to
global warming raises many natural questions. The increased cost in forest fires in recent years
is very clearly pointed out by the National Wildlife Federation [3]:
APr oper t y wildfoes lsagesavefaged more than $1 billion each year over the
past decade. Annual federal expenditures to prepare for and fight fires in 2007 were $3
billion, up from about $1 billion i1999 and typically less than half that for the 1970s,
1980s, andaly 1990s. The U.S. Forest Service now spends 45 percent of its annual
budget on fire prevention and suppression,
With these large costs associated to fires, we need to be able to answer some basic questions
about fires. Why d fires form where they form? Do hotter areas have more fires? Does rain

impact the amount and power of fires? All of these questions could be addressed using remote



sensing, but most of the research would be GIS and statistically based, and requinesd mini
amount of image analysis. The question, which might be more important than the questions
above, that this research will tackle is, how does land cover influence the prevalence of fires.
This study hopes tahat the relationshifs betweerfires andand coverand hopes to be able

to quantify this relationshifRather than just focusing on one year, this paper will analyze how
changes in land cover over ten years influence the amount of fires. By using ten years, which is

all the data that is availabler the fire data set, we massively increase our statistical robustness.

Expected Results

Because of our relative lack of background in forestry, remote sensing, and fire analysis, it is
difficult to anticipate the results. First we expect to make ifieations for each year, and be
able to calculate which land cover type eachdireurredn. We then plan on being able to map
these results to create a visual medium to display our results. To verify the results of the
classification we will an accura@ssessment. We expect to be able to show which land cover

types and which years, if any, have a higher propensity to have fires.

Materials

Area of Study

This study will focus on the landsat imagery (path 23, row 36) for the area around Memphis
Tennesse. This area was chosen because it has a large amount of fires, and a good mix between
many different classes. The area has a large amount of forest, water, farmland, and varying
levels of developed land. By choosing an area that has many differens cibsské make our

results more representative of the whole United States, and easier to repeat for a broader

geographiarea later



Landsat

We used landsat imagery, because it is the best combination of spatial and temporal data. To do
an accurate classiftion, we did not think it would be possible to use an image with less spatial
resolution than the 30 meters of Landsat. Because Landsat provides multiple revisits per month,
it is possible to find clear images for each year for our study area.

Landsat povides seven spectral bands, which allows for a more accurate classification than
sensors that have only three or four spectral bands. We used all of the bands to create the most
accurate classification. One of the other advantages of landsat is theatdbetimagery is

easily available and free. This allows for us to collect a large amount of imagery, which would
not be allowed without a hefty budget for other imagery.

Initially we planned to use 2 images per year from 2002 through 201 with minimalatoud

cover. By using an image of leaf on and leaf off we dtdrease the accuraoy the

classification. During the photo acquisition we found that a considerable number of images had
a high cloud coveMVe only accpted photos that had less than 10% cloud cldver some

reason, Glovis only provided us with about half of the data that we requested. This left us with

one imageper yearfor all years from 2002 to 2010 excluding 2008.

Fire Data

The US forest servigerovides fire data for every year for the entire contiguous United States.
The data is a modis derived product. This data set includes the centroid point for all thermal
anomalies recorded by terra and aqua satellites. For each tlagionzdlythe dataalso includes

what the response was in the bands that indicate thermal anomalies, and the chances that they

were actually a fire, along with much more information. For our area of study we have about



1000 thermal anomaliegepyearWe acquired the fire data as shape files for the years 2002

through 2010.

Procedures

Classification

We performed an unsupervised cléisation with 9 classe$or every year of our datélsing 9
classesvas based off of thhational Land Cover Dat@006) brad classificationsDue to the
unavailability of any authentic and reliable ground reference data, we chose unsupervised
classification for this research. We used ISODATA, the default unsupeiessification

scheme used in ERDAS IMAGINE 2010. The number of classes of clk3sess set to 9 for

the classification algorithm. We took one extra class since the landsat data we use consists of
noisy pixels in its borders. The images having cloaxec were classified into 10 classes since

on initial analysis we found that the classifier consistently classified clouds as a separate class.
The next step of our process was to match the unnamed classes we discovaxe€CDith

clas®s. Our classes did not meet the NLCD classes in any simple way. Instead we merged the
classes and reduced the number of classes to 4. The classes identified thus were developed
lands, agriculture, forest and water with which we found a decent matchimtheit

corresponding NLCD classes.

Incorporating into GIS

We used a GIS to extract the values from the classifications made in the previous step for each
fire and thermal anomalies. First all of the classifications were imported into ArcGIS 10.0. Then
the fire layers for each year were clipped to the size of the landsat image to speed up processing
time, and remove fire events that took place outside of the landsat footprint. The ArcGIS tool
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Aextract values to poi nt s 0 assifications to each ofitlsedird t o a
events for corresponding years. For example, each fire for 2002 was appended with which class
that fire took place on. This table was then exported fronGtBdo allow for better statistical

analysis than ArcGIS allows.

Statistics

In this study, we are interested in finding whether any difference exists statistically in the mean
number of fires for each land cover class. For the study, we identified 2006 as our study year

since this is the only year within our study ramgech has a NLCD classification.

In this study we are interested in finding out whether the maarber of fires in a classtise

same in the reduced model . Thus our null hyp
cl asses have agaralkernatesdypathesiswtatesithat at least one of the

means is not equal to the others using the ANOVA test.

Accuracy Assessment

We completed an accuracy assessment comparing our classification to the NLCD for the year of
2006. This is an impegtt accuracy assessment, because the NLCD is an imperfect dataset with
errors, sometimes large, associated with it. But our lack of funding made it so that it would be
impossible to collect field data. It would have been possible to compare our cldesifitat

the original landsat image that we used for the classification. This approach is flawed because it
depends on identifying features from imagery with medium spatial resolution, and if there was a
flaw with the original imagery the accuracy assessmenild not pick up on this error. We

could have also collected imagery with higher spatialuéisn and used this data for reference



data, but it was not readily available, and in many cases is very expen@sge.réasons forced

us to chooséhe NLCD & our ground reference.

To complete this accuracy assessment we placed 600 points randomly in the area of our landsat
image. These x, y points were calculated based off of the bounding coordinates of the landsat
image using a random number generator. Ehadso known as a simple random sampling

scheme. Some of these points fell in the area outside of the landsat image, because landsat
images are not perfect rectangles, and have noisy edges. These points were discarded, leaving us
with 467 valid points. Foeach of the valid points we extracted the values from our classified
image, and from the NLCD. We then calculated how many of these points were classified
correctly, and how many were classified incorrectly. For the points that were classified

incorrecty we figured out the class that they should be in and made the error pnes@nted

in thetable 4 in Appendix A

Results

Analysis
Using the results of the unsupervised classification, for each fire, we observed the underlying
class for it. As discussed wave four major classes in our data, which are as follows:

1. Open water

2. Forest and wetlands

3. Urban and developed

4. Agriculture



Along with these 4 classes, we also generatextraclassesof edge pixels andauds,whose
statistics were excluded from further analysis. The numberesf ifhn each of the classes were
calculated and the statistic is presented in Table 1 of Appendix A. Data collected from [5] has a
confidence measure associated with it, which specifies the probability of an event reported to be
an actual fire. We used tineeasure as the probability of the corresponding fire. Instead of
treating each fire equal, we assigned probabilistic weights to them and created Table 2 of
Appendix A.

The resolution of a landsat 4 TM image is 30 m x 30 m. Thus each pixel of the invage co

900 nfon the ground. Using this we found out the area covered by each class and is presented
in Table 3 of Appendix A.

According to the Fest on the full model (4lasses), there is moderately convincing evidence to
reject our null hypothesis, i.aot all the 4 classes have the same mean number of fires (F
statistic of 5.3496, walue of 0.0269). At least one of thdrasa different mean from the rest of

the other classes. The screenshot of the ANOVA table along with the mean and standard
deviatiors is provided in figure 1 of Appendix D. The boxplots and the histogram of the
corresponding data distributisareprovided in figure 2 and 3 of Appendix D respectively. The

corresponding Reode is presented in Appendix C.

Accuracy Assessment
The accuracy assessment (steps are described above) showed an overall accuracy of 63%. The

full results can be seen in Table 4 in Appedli The overall accuracy shows that the
classification was done quite well. Accuracy assessments for unsupervised classifications are
usually not significantly higher than this, so we were pleased with the result. Looking class by

class, it appears thatast of our classes were well classified with the exception of water. Water



is one of the easier landcover types to classify, so this means that we should have had a better
classification scheme for water. With water being classified, it will mean thatfsesevill

occur in our water class, which will not make all that much sense and distort our results.

The major problem with the accuracy assessment is the fact that the reference data is the NLCD
which is not 100% accurate. This means that our accasssssment does not compare to

ground truths, so it is impossible to fully claim that our data is a certain percent accurate.

Overall the accuracy assessment shows that our classification method was valid, and it is valid

to go forward with our analysis ¢fie data.

Discussion

Problems Encountered

The main problem encountering this study, as is the case in most remote sensing studies, was
ground truths. Without ground truths it is impossible to know what the event being studied with
satellite imagery acally is. This study used satellite imagery for the main classifications.
Without ground truthit is impossible to know what the accuracy of our assessmenttasly

The NLCD allowed us to compare our classifications to a known classification, buttdid no
provide ground truths.

This same problem was also evident in our fire ddtigh was based off of satellite imagery.
Without having ground truths, it was impossible to tell which thermal anomalies were truly fires
on the ground. We strongly considerednd) a study to compare the fire data to ground truths

for a portion of the country. These ground truths were incomplete, and made this study difficult,
so this concept was discarded. Overall, without the funding to go out in the field, or to acquire

imagey with high spatial resolution, it is impossible to have a comprehensive study using



remote sensing. With higher quality imagery (at a much higher cost) better classifications and
accuracy assessments could be completed. But the high costs of theserdagauld make
it so that it is not worth the prict.is always difficult to veigh the costs and benefits to a

remote sensing project lmeé it has been completed.

Future Studies

This study addresses where fires form in relation to landcover type. Future studcetake

this concept of study to see what type of land cover lead to an increased propensity of fires. The
fire data set allows for a simple wayfind where fires are taking place. Our process lays down

the basic path for future studies to figure out which land cover types have more fires. A study
that also incorporated the average temperature on the ground and rainfall could control for these

factors, to find a more accurate.
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VIII. Appendices: Any relevant attachments, including graphs, tables, maps.

Appendix A: Tables

Table 1: Summary of the number of forest fireg/bgr and class

Open .
Forest |Urban|Agriculture
Water
2002 23 45 55 107
2003 56| 158| 184 400
2004 16| 143| 126 300
2005 56| 119| 288 324
2006 2 87| 158 332
2007 53| 179 290 379
2008 0 0 0 0
2009 69 80| 117 333
2010 297| 1057| 1127 1049
Total 572| 1868| 2345 3224

Table 2: Probabilistic Summary of the number of forest fires by year and class

Open )
Forest | Urban |Agriculture
Water
2002 6.4 31.23 36.19 62.8

2003 32.33| 106.58| 122.94 255.96
2004 9.46 96.48 84.6 203.66
2005 32.02 76.23 180.9 191.54
2006 0.75 58.99| 101.68 202.21

2007 36| 119.85| 198.29 23491
2008 0 0 0 0
2009 36 51.58 79.77 193.98

2010| 198.89( 773.99| 793.17 699.81
Total| 351.85| 1314.93 | 1597.54 | 2045.27




Table 3. Area under each class in tkfor each year

Open Forest Urban Farmland
Water
2002 | 13338.39 | 3828.76 | 10977.55 | 7822.22
2003 | 13775.48 | 3007.38 | 10860.76 | 8243.68
2004 | 12412.49 | 2665.81 | 13078.51 | 6955.04
2005 | 12467.77 | 3240.80 | 13258.64 | ©6190.25
2006 | 13811.06 | 1665.40 | 9589.46 | 9908.57
2007 | 15253.04 | 3813.55 | 9547.96 | 10837.61
2009 | 13795.84 | 3687.05 | 11646.92 | 8031.49
2010 | 15604.15 | 4427.48 | 10398.36 | 9342.39
Total | 110458.23 | 26336.24 | 89358.16 | 67331.26
Table 4: Accuracy Assessment Table
Classified Data
Water Forest  |Urban Ag
Water 8 ] 1 3 4
Reference |Forest 7 102 22 3 32| Omission
Data Urban 0 7 12 11 18] Error
Ag 3 a1 73 174 117
10 48 96 17

Commission Error
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Appendix B: Maps
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