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Research Question

Based on historical
fire patterns, what
areas of the
Clearwater National
Forest currently
have the greatest
probability of a large
fire (>10 acres)?
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Introduction

|-

Fire Basics:
Fuels
Weather
Topography

Frequency Ratio:
Usage -
% of Frequency/ % of Area
R

Underlying Assumption:

Spatial relationships between
variables and events

DEM (30m)

Generated Slope and Aspect

Stream, Road and Trail features
Management Unit polygons

National Forest is subdivided into 6 groups
each with a differentapproach to fire fighting
Fire History databases

Large Fire (>10 acres) polygons
Small Fire (0-10 acres) points
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Large Fires (above)

—

Prepared Data and Performed Spatial Analyses

DEM
Aspect - Convert Raster attribute table to Integer
Slope

Roads
Streams
Trails

Spatial Analyst:

Euclidian Distance } Convert Raster to Integer

Management Unit }Convert to Raster } Convert to Integer

(1907 -2009) with Priority Field | LastFire (pre-2010)

Large Fires Convert to Raster } Calculate Years Since
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Methods : Large Fires

Selecting Fire Areas T Trorm

Select a feature to zoom to its extent

Determined Overlapping Fires: ; =
Featue ID | Ovedapping Features
Generated Overlap Polygons ]

43,108, 202
202

89.98

176
108,114
1
121,202
114

Clipped each data layer by fire polygons

Close

-

Methods : Small Fires

Selecting Fire Areas
Only point data available for fires < 10 acres

.y +
.:uo.' 'o“%o
..‘ .‘ LR
$ o W2
* \". %

Used Extract Value to Points for each data layer
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Methods - Data Crunching ...

Export attribute tables
Summarize for each variable
Calculate frequency ratios (POA/POF)

Large fires
Small fires

i
i
H
:
g

Large Fire Small Fire
Pixel in domain Pixel in class Pixel in class

IFdL‘lur ICIdss numherl ratiol number[ ratio| Freg. ratio numberl ratiol

0-299m 10382 0.000350628] 0 0 0 0
300-399m 145692| 0.004920405 664] 0.000337]  0.06444778 13| 0.002822]
400-499m 226942| 0.007664433 2195 0.001048] 0136771383 23] 0.004992]
500-599m 367511| 0.012411821] 7673 D.o036da]  0.29523676¢ 39 0.008465|
700-799m 630150] 0.021281836 11532] 0.005507]  0.2587833! 33 0.007163
200-899m 2019615 0.068207753 16134| 0.007705] 98| 0.021272]
900-999m 2878090| 0.09720073 19208 0.000173] @ 183] 0.039722] |
1000-1099m 3053726] 0.103132424]  291217] 0.133078] 408[ D.088561[
1100-1199m | 2505368] 0.08461292]  201059| 0.096021 L1 L 429 0.093119
1200-1299m 2257890| 0.076254832 157197| 0.075073|  0.984503039 457| 0.099197
1300-1399m 2339529| 0.079012097] 180071[ 0.085997| 108840 0.119166 3
1400-1499m 2289088] 0.077338066]  185322] 0.088505] 447| 0.097026| 1.2
1500-1599m 2126663| 0.071823048]  159434] 0.076142 10601269 414] D.089863
1600-1699m 1995751| 0.067401803]  135321] 0.064626] 0.958814141 347] 007532
1700-1799m 1882107 0.063566783]  139695] 0.066715] 10495211 298] 0.064684] 1
1800-1899m 1702264 0057489969 162740 0.07772] 1.3518950] 273] 0.059258] 1.
1900-1999m 1313697 0044367031  150132] 0.071689] 16160 232| D.050358
2000-2099m 809712| 0.027346121]  116744] 0.055754] 20388232 0.034513
2100-2199m 465836| 0.015732517 66999| 0.031997[ 64] 0.013892] |
2200-2299m 270224] 0,009126856 37871] 0.018086] 0.014543
2300-2399m 165114] 0.005576338] 24163 | 2 0.009117]
2400-2499m 90614| 0.003060275 13578] 0. | 2118927465 0.003256
2500-2599m 42281| 0.001427941 8636] 0. |__2.8883 B 0.003039] .
2600-2699m 15565| 0.000525671 4345 0. | 3.947446 0.000434
2700-2799m 2102| 0.000138535) 1405 0. | 4.843466007 0.000217
2800-2899m 762| 2.57348E-05 509 0. 9.44579245: 0
>2900m 72| 2.43163€-06) 72| 3; | 14.13085238) a

Elevation
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Large Fire Small Fire

Pixel in domain Pixel in class Pixel in class

Factor number ratio]  number rat Fregeratior number ratio] Freq. ratiol
2672084] 0090243361  436681| 0.20854 2.310945894) 341| 0.074018] 08202022

3310032] 0.112122006]  274941] 0.13130——trrenmassat| 0.100232| 0.2943951
4125844] 0139340691 271088 0.129465]  0.92912271§] 0.142175] 1.0203405|
4424761] 0.149435911]  265860] 0.126968] 0 74 0.152811] 1.0225851
4163694| 0.140618986]  241123| 0.115154] 0.81890858] 0.161053| 11453593
3597854] 0.121509069]  203574[ 0.097222]  0.800118552) 0.126329] 10396714
2855447] 0.096436016] 158870 0.075872] 0786762007 0.100499] 1.0421339)
2018621] 0.068174183]  109289[ 0.052194]  0.765591764] 0.069677| 10220376
1271905 0.042955604] 67620| 0.032294] 0.751789195] 0.035164| 0.8186099)
710675| 0.024001379) 37626) 0.017969]  0.748673741] 0.026699] 11123737
318347] 0.010751422] 18080 0.008635]  0.803106708| 0.007597| 0.7066167
08469| 0.003325559 6516| 0.003112] 0.935744183 0.003256| 0.9790579|
23606| 0.000800277 1833 0.000875| 1.093863199 0.000434] 0.5424648)
6279] 0.000212058] 641] 0.000306] 1.443587571| 0] 0
1788 6.03855E-05 164 7.83E05] 1297035675 0
355 1.19803E-05) 10| 4.78e-06)  0.398333869) o

6| 2.02636E-07 0 0 of 0

2879108 0.097443746 211329 0.100965]  1.036178683| 0.060165| 0.6174339)
3054208] 0.103373072]  215001] 0.102724]  0.993716689| 0.108601| 1.0505755
4704397] 0.159220865]  309667| 0.147953]  0.929232673| 0.163771| 10285752
3557321] 0120397944  201334] 0.096194] 0798964674 0.138575] 11509761
3205635 0.10849500]  170724| 0.081569]  0.751820248 0.10404| 0.9589371]
3350356 0.11339319]  212958] 0.101747] 0.897297618] 0.119027] 10496833
5152360 0.174382225]  466290( 0.222785) 1.2775662| 0.17940%| 1.0288274]
3642885] 0.123293868]  305703] 0.136059]  1.184643705] 0.126412| 1.0252888]

Large Fire Small Fire

Pixel in domain Pixel in class Pixel in class

Class number ratio numter| ratio Freg. ratis] number ratio] Freq. ratio
Appropriate
Suppression
Palouse 590513418 0.075318736| 3633432.4| 0.005508 0.073133441} 222| 0.047497| 0.6306128|
Private 437687934| 0.055826169] 25021637| 0.037 2 227| 0.048567| 0.8699574
Suppression
Emphasis
Wilderness 1.056E+00| 0.134675924|350079966| 0.5913i 4391022261} 388| 0.083012| 0.6163864)

Wildland Fire - ;
s 3.526E+409( 0.449683427| 74727803| 0.1132: 0.751‘1234951 1440( 0.308087| 0.6851203|

457977002 0.058413997|121586869| 0.184327| 3.155525586) 359 0.076808| 1.3148903

1.773E+09| 0.226081746| 44576715 0.0675 0.298912802f 2038| 0.436029| 19286338

Management

0-29m 359810] 0.035094889) 1261] 0.001735 G.0454353] 49| 0.012731] 03627474
30-59m 601561 0.058674624) 1580| 0.002194] 0037048676 118] 0.030657 0522497

50-124m 885692]  0.08638799 3252[ 0.004494]  0.051792053 351] 0.091193] 1.0556157,
125-249m 854101 0.083306689 36639| 0.050408|  0.605103544] 691| 0.179527] 21550148
250-499m 1080620 0.105400737, 59422| 0.081755] 0.775656754] 727| 0.1888s] 179202
500-999m 1325067| 0.129243433] 67268 0.09255]  0.716087334) 541] 0.140556] 1.0875291
1000-1999m 1535978| 0.149815118] 72710( 0.100037| 0.667735497 462| 0.120031| 0.8011954|
2000-3999m 1686788 0.164524715) 96396| 0.132625]  0.806109102} 416] 0.10808[ 0.6569227
4000-7999m 1300927 0.126888883]  180811[ 0.2487qof—T9n0SUTTIN) 355] 0.092232] 0.7268702
8000-15999m 611660 0.059659653] 206235 0.28374s| 4 756083073 0.036113| 0.6053216
>160000m 10286| 0.001003268 1258| 0.001731—1325160222) [i] of

Distance to road

0-29m 853502| 0.082984088) 2448| 0.0033¢ u.mmﬂ 0.009091 0.10955
30-59m 1604130| 0.155949522] 4868| 0.006¢ 0.0429002 130 0.033766| 0.2165203)
60-124m 2886642| 0.280632143) 22291| 0.030863 0.1091655 489) 0.127013| 0.452596)
125-249m 2781251 0.270386293] 163076 0.2241 0.82889393; 1285| 0.333766| 12344052
250-499m 1786759 0.173704258] 333803 0.4587 2.641030105 1519) 0.394545| 22713632

500-999m 352531| 0.034272185 184500| 0.25355| 739857621 380| 0.095701| 2.8799243
1000-1939m 21151 0.002056248| 16637| D.0228 11.1197034: 12| 0.003117| 1.5158112

Distance to
stream




Large Fire Small Fire

Pixel in domain Pixel in class Pixel in class

Factor Class number] ratiol number ratiol Freq. ratio] number| ratiof
0-29m 110160| 0.011036768) 316] 0.000444] 0 384 0.002621| 0.2
30-50m 210560| 0.021005696] 1042| 0.001464] 0.069417 0.006813| |
60-124m 426086| 0.042658928) 6782| 0.009531] 0.22 D 0.030136|
125-249m 614208| 0.061536593) 41042| 0.05768| | 64 0.067872
250-499m 1146036) 0.114819656) 106768| 0.15005) 130683471 0.146226| L
500-995m 1017707| 0.192132235) 128536] 0.264956]  1.379081242 0.223795
1000-1999m 2207283 0.230161996] 235705| 0.231257] 3256 0.268344
2000-3999m 1587625| 0.159061807] 121785| 0.171155) 602 0.186321] 1
2000-7999m 888486 0.089016102 5542| 0.007789( X 971 _' 0.059748| 0.
8000-1599%m 760615| 0.076204895) 3781| 0.005314] 7 )] 0.007862| 0.1
>160000m 22411 0.002245325 249  0.00035) E 0.000262| O

Distance to trail

15 years 2760154 0.008654208] 2760154 0.008{54]  2.574562241) 0.019631[ 22
5-15 years 2322321] 0.007281400] 2322321] 0.007. 8 i 0.010049

16-30 years 1197754] 0.003755486] 1197754] 0.003 . z 0.006777] 1
3180 years | 87585723 0.274619704| 87585723] 0.27deal—prk 0.164057
>80 years 225068535 0.705688924|225068535] 0.705689 ] 0.799486]

since last

Results

Frequency ratios from eight variables were

summed to create:
A predicted fire hazard map generated from large fires
A predicted fire hazard map generated from small fires

Hazard Index
> 8 indicates above average fire probability (association)
= 8 indicates average fire probability
< 8 indicates below average fire probability (avoidance)

3/11/2010
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Large Fire Probability
for the Clearwater National Forest

Hazard Index
B 2-26
[l27-63
[ Je4-10
[ 10.1-138
I 13.9-347

[} 10 20 40
Kilometers

_ ‘\\\//

/‘
Results - Prediction from Small Fires

Small Fire Probability
for the Clearwater National Forest

Harzard Index
B :s-48
[ 49-6.1
[Je2-74
[J75-87
I 8- 10
B 0.1-148

1] 10 20 30 40
Kilometers
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Accuracy Assessment

Both maps were verified through an accuracy
assessment using a separate dataset containing
known large fires between 1960 - 1970

Hazard map was divided into 100 equal areas and the
value for each area was calculated

Ratio of area under curve to total graph area
provides an accuracy prediction

Fire Hazard Index (%)
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——Cumulative Freq. Diagram Small Fires

—— Poly. [Cumulative Freq. Diagram Small
Fires)

/
/

¥ = -2E-06x* + 0.0003x* - 0.014 1 + 0.9766x - 2.1355

Cumulative % of fire between 1960-1970

20 50 50 70 80 %0 100
Fire Hazard Index (%)

-

|-

Conclusions

Fire probabilities generated from large and small
fires differ in their spatial distribution

Most concentrated, highest large fire probability
occurs in the Selway-Bitterroot Wilderness

Some areas of predicted high probability have not
had recent large fires

Validation fires (historic, known) were better
predicted using large fire history - higher prediction
accuracy

Gentle slope of accuracy assessment curve means still
lots of room for improvement

10



Conclusions

Large Fire Probability

Based on L
for the Clearwater National Forest

historical fire
patterns, what
areas of the
Clearwater
National Forest
currently have
the greatest
probability of a .
large fire (>10 22
[27-63
aCI'eS) 7 [Je4-10
[ 101-138
B 13.9-347

0 10 20 30 40
Kilometers

Limitations

Small fire data not available pre-1970

Small fire data only available as points
Possible changes to variables (roads, trails,
management policy, etc...) over time

Logging history not considered

Sample of data used for accuracy assessment
was to small

3/11/2010
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Results - FR Comparison Graph

Freq.Ratio Elevation Freq. Ratio Slope

B

la"'él B?‘;U-?;ﬁ@ Gl q"‘é\mm‘&{f’ qf_\'-:f"& ‘a"f fa°’<“ _‘3596\ % ¢ i P 4
FEFE S I FFF PSP PP F L LSS #

S

—4—Large Fire  =dl=Small Fire g Large Fire =il Small Firz

Freq. Ratio Aspect Freq. Ratio Management Unit

Appropriate  Palouse  Private  Suppression Wilderness  Wildland
Suppression Emphasis Fire Use

E SE E sw

=g Large Fire ={fi=5mall Fire w=pe=Large Fire  =fil=Small Fire

/

Results - FR Comparison Graph

Freq. Ratio Distance to Road Freq. Ratio Distance to Stream

& & td & & &
o 5 T o
o ,)m"’ Q, “‘ “” é,‘g# .§1 9?’ eﬁﬁ eﬁ
° o ﬁ

w4 Large Fire  ==Small Fire =g Large Fire  =fli=Small Fire

Freq Ratio Distance to Trail Freq Ratio Time since last burn

7

& oS h.bs & q@
H A I

1Syears  &15years  16-30years 31-B0years  >80years

= large Fire  =@=Small Fire 4 Large Fire  =@=Small Fire
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