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' Weights of evidence

" Multiple linear regression

" Logistic regression

¢ Multivariate adaptive regression spline
° Digital Elevation Model
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Trnputs: Fire variable, Explanatory wariables (factors). Parameters of the
Genetic Algorithm.
QO uipurs: The factors with the most effects on the fire.
Generate random population of factors:
for G=1to Guax
Calculate the fitness of each individual;
if G = Gmax
return the factor-IDs; the fitness value; the mean and the best of
the fitness values:
brealk;
end;
Elitism: Select the best individual of G and move it directlvtoG+1:
Se—— Select two individuals / parents of & at random, based
on “pair-wise tournament selection’ to construct G + 1;
10.  if rand < crossover_rate // rand is a generated uniformly
distributed random number value
11. S«<—— One-point crossover:

LA da L b =

000~

12, end;

13, for each individual in .5

14. if rand = mutation_rate
15. Mutation;

16 end:;

17. end;

18. AddSto G+ 1;
19. Go to step 8 to construct & individuals for G + 1:
20.end;
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if (x7 <= T7.872) then £1_1 = 0
if (7.872 < ®T < B.782) then begin
pl_1 = {2*{2.782) + {(7.872 — 3*{2.03)) S {({2.782) — (TF.g872¥)~2
rl 1 = {(2*{8.03) — {[(&.782) — (7.872)) ~ {({8.782) — (7.872))~3
f1_ 1 = pl_1*{x7—(7.872))~2 + rl_1*{x7—{7.872))~3
end
if (T »>= (2.T22)) then £1_1 = x7 — {(2.03)
if (x6 €= 3.T08) then £1_2 = — {x6 (3.891))
if (3.708 « 6 <« 3.96) then begin
pl_2 = {(3*({3.891) — 2*{3.708) — {(3.96)) - {((3.T08) — (3.96))~2
rl 2 = {({(3.708) + (3.26) — Z2Z*{3.821)) ~ {({(3.708) — (3.928))"~3
fl 2 = pl_2* {(x6—(3.96))~2 + rl_ 2Z2* (x€6—-(3.96))"~3
end
if (6 »= (3.96)) then £1_2 = O
BF1 = £1_1 * £1_2
if (x4 <= 11.63) then £2_3 = 0
if (11.63 <« x4 <« 12.04) tThen begin
p2_ 3 = {(2*({12.04) + {11.63) — 3*{11.97)) + ({12.04) — {(11.63))~2
r2_ 3 = {2*{11.97) — {12.04) — {11.63))  ({12.04) — (11.63))~3
£2_3 = p2_ 3* (24— (11.63) )2 + r2_ 3* (x4—(11.63))~3
end
if (x4 >= (12.04)) then £2Z_3 = x4 — ({(11.97)
BF2 = BF1 * f£2_3
if (x5 <= 186.1) then =£3_1 = —{x5 — {(207.9))
if (186.1 < x5 < 2128.8) then begin
P3 1 = (3% {(207.9) — 2*{186.1) — {(218.8)) / {({1l86.1l) — {(218.8))~2
r3_1 = {{186.1) + ({(218.8) — 2*{20T7.9)) / ({186.1) — (218.8))~3
£3_1 = p3_1*{(xS5—(218.8)) "2 + r3_1%* (xS5—(212.8))~3
end
>= (218.8)) then £3_1 = 0
<= 12.04) then £3_Z2 = —(x4 — (12.11)})
if (12.04 < x4 < 12.29) then begin
p3 2 = {(3*{12.11) — 2*{12.04) — {(12.29)) ~ {({(lz2.04) — (lz.zg9))"~2
r3_2 = {({12.04) + (12.29) — 2*{12.11}) + {({12.04) — (12.29))~3
£3_2 = p3_2* (x4 (12.29))~2 + r3_2* (w4 (12.29))~3
end
if (x4 >= (12.29)) then £3_2 = 0O
if (x7 <= T.185%) then £3_3 = 0
if (7.185 <« 7 <« T7.872) then begin
p3 3 = (2*({T7.872) + (7.185) — 3I*(T.T14)) ~ ((T.87T2) (T-185))~2
r3 3 = (2*{7.714) — (T7.872) — (TF.185)) + {((T-.8T72) — (T.185))~3
£3_3 = p3_3* (x7—(7.185) )2 + r3I_3*{(x7—(7.1E85))~3
end
if (x7 >= (7.872)) then £3_3 = x7 — (7.714)
BF3 = £3_1 * £3_2 * £3_3
if (x3 <= Z) then £4_4 = 0O
if (2 « 3 <« 28.5) then begin
pi_4 = (2*({8.5) + (2} — 3*(3)) ~ ((8.5) — (2p)~2
rd 4 = (2*(3) — (8.5) — {(2)) # ((8.5) — (2))"3
£f4_4 = pd_4* (x3—(2))~2 + rd_4* (x3-(2))~3
end
if (x3 >= (2.5)) then £4_4 = x3 — (3}
BF4 = BF3 * £f£4_4
if (3 <= Z) then £5_4 = —(x3 — (3]}
if (2 « 3 <« 8.5) then begin
p5_4 = (3*(3) — 2*{2) — {(8.5)) +» ({2} — (&.5)p)"2
r5_4 = {{2) + (8.5) — 2*({3)) - {({2) — (8.5))1~3
£5_4 = p5_4* (x3—(2.5))"~2 + rS5_4* (x3—-(S.5))~3
end
if (x3 >= (2.5)) then £5_4 = 0
BFS = BF3 * £5_4
if (xl1 <= 1121) then £&_4 = 0
if (1121 « ml < 3362) then begin
p6_4 = (2*({3362) + (1121) — 3*(2242)) + ({3362) — (1121))~2
r&a_ 4 = (2*{2242) — (3362) — ({(11z21)) » {({3362) — (1121))~3
£6_4 = p6_4* (x1—(1121))~2 + ré6_4* (xl—-(1121))~3
end
if (xl1 >= {(3362)) then £&6_4 = xl — (2242)
BF& = BF3 * £& 4
if (®l <= 1121) then £7_4 = —{xl — (Z2242))
if (1121 « w1l =« 3362) then begin
= (3*(2242) — 2*({1121) - (3362)) + ({1121) — (3362))~2
= {({1121) + (336€2) — 2*{2242)) ~» ({(1121) - (3362))"3
= p7_4*% {x1—{(3362) )2 + r7_4*{(xl1—-(3362))~3
>= (3362)) then £7_4 = 0O
BFT = BF3 * £7_4
w=0.01T715—-0.6421*%BF1—38.87*%BF2+3.228%BF3—0.4264%
BF4—1.824*BF5 —0._.002252*BF6a6 +0 . 0003227 BF 7T

T b Atusly yuiio daly s MARS 31 Jolo sy aslgs AF S

S it )3 Fge ;56 lgie
g bosl> 5l alols ¢y 5,8

AL 03l yasid Sge 451

& Joe s jo 5 0l g S 5 Loo il 43516 50 g5 5356 s
S il o ol ludl sla,gSs S el b o cnl sad azslis
Sl a1 )l 33 555 1agiSB nlo g o g plaS 5 isSna 3blis 51 el

S5 cnl )0 Gy ol 5o ol 25 ladl & ol ol 5l Sl lndS Ko axsdS slasjgm st sl bl

&lp addlasl asly 5,850

5 Lol ol b g b Lo glaJos a8 casls Hanil sl ol iy ol 03,8 Lyl



0 WAA oliae; oF ojlod ot Jlo o slamme &l bolies  olad Jlos 423

5B e jpax pae by jpax ol Gl Sl sl giS s (ogas 4 ba)eiS shaad Wb e @ls 4 phows
ol podle live 4 dyam (gla g 0933l L aST &y s 0ed  JFolaie slagrwly 4 orie wilg e a0
ol 5 lools y Joe GLdiil lme 5 igsh o0l mrsei vgo (sl 55 olyic & cad Siae La,5551 ol 55 a5
ooty I (S oalpln 5,58 o 3B 5 a)s plo uts | b A3 LD pge p aind oS ) Loz S
Ghlis 3l alole 5 rej 6 )5 (Sl )5S 95 j9. 3525l bl eslin 5 (I sloosls (s pslaa 5, i
Olise 5 Soml 500 (29, 99 4 S aylol 4y ] 2t lail oo L MARS Juas 5 Jol> i ;o (55
S5z 55m0sT St 5 45 CiS Wl s 50 000 (6t Jlien Bekod al adsl 558 L o il wiS

el Jpdoo IS azgs Glil 5 (Sodsnr slogiSh anms 55 50 4wl s

Corbos 4Vl 5 ol 0,55 51 2V Sl Sl 5l oSSz (9mi5T 1 Fige sl jgiS 1 (alulis o 5l
Mol Shles Wl o asaily )3 G cnl 1S5 5 3igd o0 05 im0 T Sl 2 Sz sz Sl sol;
L Gismotsl Vb Sy s Blis 5 Lol ol oo bo)5S16 (nl (lolids b oS sl ol iS5 (0
5 o0 4 Ghigel a5 (e laceslon 5 0l w09 b 9miT S) 6e Sim sshie 4 edled (el
slool; sl asile o3 Slagad (§35m085 1 590 Dyg0 10 5 el 5T S yome Jalge b ablie cugr 50 yidon ol
oo 1y blas cpl Soo3 50 Gy elabl Lilog il g SUlas bla a4 ool cw s

51 okaie cnl lp g puiles lolids 1) JlalS S slasgmuist » fge slo,Sh wd (rw Gudos cnl o
o9l b aS 5 50 o pateaisr (dal pdwl guw )55 g Seted guw S5 llair (das guw S5 by 4
dilaie glag)guis] Ho Slail g (Sobgn sl 51 aiws 50,0 a8 ols lis Gaiid (pl gl o soliiw]
Sige <l aw o o ol ceeyw ST g Lo JBlas sla Sl s lee ol 5l aiies 3G shls addllas g
Ol 993 3l sy 0 8es K00 (g 59 b aslie )0 0 pitteniz (dad (Ml (ygem )T by, iud Sl
sessSy ly ARVS Wiz as e, 6l ST ol by, e ol ead Lo, RMSE laie ol
JANY CIAPY ol o5 a5 LOTRT Jlade g o itiosiz (hekal 5wl 5055 sl VOV 5 S
ol Caws 4 < [AAAF 3

aile (Gladl (sla, 5 @ plyins dies Gl 53l I3l LajgiSTE ol 99 e bty oun] Slidos )
o Ll ol o oo 5 Kz S e slacliw 5 (18 o e golatdl 5 (Ko 3 (lrans v SB35 sl
Seidser Sl lgice 00 Bk 5|y iy oty Slogs Sledbl [ ol g pslez 4z ST 0500
5 8l olebs dsp cusby da)] (S35 Slo( Shis 5 (BLS Gidisy 05155 5 g9 Aoz 5 08,5 S5 ) 5 o
i ool yols gaios gl el cpl (B g clin (slaosls a4 oo yiws pae o 4 ailawlie a5 O by wo o
Sged dliee )y plez am Gy 4]y Olos 955 5 095 and 55,5 Sloy ol p3 1) ool (e izren
&y o9 3l G alwsg 4 (25T Lol aiile 1555 slaig, HUS 50 Wlsiiee Gaod (nl 5o oad &) 2,6l
ot 3 08T @se 4 lulid b (6505 Gt sshite 4 T 51 Gl o0 eizmam 09, L5 4 g @l 4 (phicews

o 0 JRiz )3 T S 5 S > 0920



cvosliinl b S (555w 35T 1 Sse slaysiSB s Ve

&l

Burgan, R., and R. Rothermel. Y4A¢, BEHAVE: Fire behavior prediction and fuel modelling system-fuel
subsystem. USDA Forest Service General Technical Report IN TI7V. US Department of Agriculture, Forest
Service, Intermountain Research Station, Ogden, Utah.

Countryman, C.M. YaVY, Fire environment concept. USDA Forest Service, Pacific Southwest Forest and
Range Experiment Station, General Technical Report PSW-V, Berkeley, CA.

Craven, P., and G. Wahba. Y4Y4. Smoothing noisy data with spline functions. Estimating the correct degree
of smoothing by the method of generalized cross-validation. Numerische Mathematik, ¥Y: YYV-¢.Y,

Dale, P. Y+ ¢, Mathematical Techniques in GIS, Second Edition. CRC Press.

Dickson, B.G.; J.W. Prather, Y. Xu, H.M. Hampton, E.N. Aumack, and T.D. Sisk. Y++. Mapping the
probability of large fire occurrence in northern Arizona, USA. Landscape Ecology, ¥: VEV-¥Y1)Y,

Forestry Canada Fire Danger Group Development and structure of the Canadian Forest Fire Behaviour
Prediction System, Forestry Canada, Science and Sustainable Development Directorate. Y 23Y. Report ST-
X-Y. Ottawa, ON.

Friedman, J.H. Y4%Y, Multivariate Adaptive Regression Splines. The Annals of Statistics, Y4: -1V,
Hasanlou, M., and F. Samadzadegan. Y+ ). ICA/PCA base genetically band selection for classification of
Hyperspectral images. 37st Asian Conference on Remote Sensing.

Hong, H.; P. Tsangaratos, I. llia, J. Liu, A.X. Zhu, and C. Xu. Y +)A. Applying genetic algorithms to set the
optimal combination of forest fire related variables and model forest fire susceptibility based on data mining
models. The case of Dayu County, China. Science of the Total Environment, 1Y+ Y+ ££-) .07,
Kleinbaum, D.G., and M. Klein. Y44¢£, Logistic regression: A self learning text, Second Edition. New York:
Springer—Verlag Inc.

Kong, S.G.; D. Jin, S. Li, and H. Kim. Y7, Fast fire flame detection in surveillance video using logistic
regression and temporal smoothing. Fire Safety Journal, V4: YV-£Y,

Larjavaara, M.; J. Pennanen, and T. Tuomi. Y+ + ©, Lightning that ignites forest fires in Finland. Agricultural
and Forest Meteorology, YYY: YYY-YA.,

Mahdipour, E., and C. Dadkhah. Y+ )¢, Automatic fire detection based on soft computing techniques:
review from Y.+ to Y+, Artificial intelligence review, £ Y: Ade-aY¢,

Martinez-Fernandez, J.; E. Chuvieco, and N. Koutsias. Y+ Y. Modelling long-term fire occurrence factors
in Spain by accounting for local variations with geographically weighted regression. Natural Hazards and
Earth System Science, Y¥: ¥))-YYV,

Moritz, M.A.; J.E. Keeley, E.A. Johnson, and A.A. Schaffner. Y+ £, Testing a basic assumption of
shrubland fire management: how important is fuel age? Frontiers in Ecology and the Environment, Y: 1V-
VY

Rodriguez-Trejo, D.A.; H.R. Maldonado, and J.H. Tchikoue. Y+ +A, Factors affecting the accident rate of
forest fires. Ciencia Forestal en Mexico, ¥¥: YA-eV,

Roman-Cuesta, R., and J. Martinez-Vilalta. Y » « 1. Effectiveness of protected areas in mitigating fire within
their boundaries: case study of Chiapas, Mexico. Conservation Biology, ¥+: Y+ Y-V AT,
Romero-Calcerrada, R.; C.J. Novillo, J.D.A. Millington, and I. Gomez-Jimenez. Y+ +A. GIS analysis of
spatial patterns of human-caused wildfire ignition risk in the SW of Madrid (Central Spain). Landscape
Ecology, YY: Ye)-Yes,

Syphard, A.D.; V.C. Radeloff, N.S. Keuler, R.S. Taylor, T.J. Hawbaker, S.I. Stewart, and M.K. Clayton.
Y+« A, Predicting spatial patterns of fire on a southern California landscape. International Journal of
Wildland Fire, YV: 1YY,

West, A.M.; P.H. Evangelista, C.S. Jarnevich, and D. Schulte. Y:YA. A tale of two wildfires: testing
detection and prediction of invasive species distributions using models fit with topographic and spectral
indices. Landscape Ecology, ¥¥: 414-9A¢,



VY WAA oliae; oF ojlod ot Jlo o slamme &l bolies  olad Jlos 423

Wotton, B., and D.L. Martell. Y+ +2. A lightning fire occurrence model for Ontario. Canadian Journal of
Forest Research, Ye: YYAd-1 ¢4,

Yang, J.; H.S. He, S.R. Shifley, and E.J. Gustafson. Y+ V. Spatial patterns of modern period human-caused
fire occurrence in the Missouri Ozark Highlands. Forest science, ¢Y: Y-1e,



cvosliinl b S (555w 351 1 Sse slaysiS s

YA




