4, d?;’abwﬂu’ufﬁuﬂ'm’u/zﬁz s

ﬂ%?—/fd 1Y Lo «olg2 6 Lo qoubins Jlus

Vol.6, No.4, Winter 2019

JJ,W“L// z Vr-ao

Odzeo (6,9l i oSG Gl e 5 Sl 0 leid] oy 35 e laicds S0 Sledb )9l cwdigeo (Ao il iS5 ogo jo lio ol
eyso Pl i jlo)lad ol o Gipdy B 4

9 Fobw SUlogil 31 ooliw!l b JKoz (g )gm i T b yanS (o siosy
é . ” : s ” 3

Y e .- Y 5 . I
P 5l oLl yo Lo junes T Slsleg ol

Ol ol8zils 8 (slaoaSlisls sy SIS Dledbl g (g lo pyTanE cwiige oaSisly Lot -
Ol ozl (28 (slaoaSisly sy o S Dledbl 5 (6,10 s i 0SS GlSe DleMbl slapinams (cwdige 0| bl IS geziils  -Y
09,0l giaio olLiils ()l jas (owiige saSiadls JLobial ¥

WWAPNAVYY e (5l du)b VWAPL-AN - callae cdlyyo o)l

oduS

3= el (Glojm g coenl (ls Laa“j 3l eadlie g cblas a5 Wigd oo Cawte (5,545 B b @l (Pt Aoz 5l b K>
ki Sleladl plosil b ail o o] (5,58 5 (655w il s o Lo J Kz 4 gaz Sleds syl cael a5 Sols>
sl el o151 (30 slaples b, Jilas e sl o] (S 3lmand 5 3951 55 g0 sl )sS (s
St o580 S 55 3l bl JRaz (siam ST 50 ge g 1o )9 et (sl (BizS ol oloidion by, 40 S oo oy
Lod ST ol 45 i Cpuenl dtagy 6l0,s3STo lpie 4y 63516 A . o0litiol o ppitoiz (iaekss dhnd] gmassSy b, b
D0y oS 3blis jlalsld 5 cod Cz (orm) 65 (S iz ol ceyu iSTas (Il ol cge s JBlas s hawgis
39T by (o5l 4y phiBl o b gican st 45a g ok Sblogil 655541 5 Aiet L0535 gl 51 o0liciol by yopes
VXY g Ox0 FxY  Slawor slo il 5l gilwacd | ol mls n Sluen sls )u‘b o Sy Omzen b LS (1K
LAYAR LT Y8 o, o aadllas o )90 ailate (650w si] (gjlodncd (glp C85 oy pigs « 30856 (ol ol @ a5 b .ol ooliiul
lp i A S 80 g e Jele el LIS e ls Sl ol o ol Cendy e Y SilSe S g8 9 YXY  Sleen 2ls

wisg +ADY 4+ AVY o AR-

s o 85 s SBlogil 0iionsy (herlss e (30ms5 «Sa55 k5K S 5350151 Ao 3lganls

Ol oRaily (23 sleoaSasly s ¢ S Sledbl g (618 padds pwdige 0uSLasls oS 4SS o g
SY) SVVVEOVE il
Email: pahlavani@ut.ac.ir



TENSPIEL PP SO JCAN &2 SESYSE
)5 (e Al opl yo |y Kz (655w 2 g
5 ISz Gl Gy silwand b 5o
wloa & pl il glos i3 Lo jogi—y
755 09 L U o ISiz (gm0 5T Joe oyl
axwgs ¢ eyl dawgi 1S5 4ol casie SYLI o g [A]
dwlre glp (eolpiinn slo Jow cpl 51 [A] ol ools
U C g Olee 5 15T Az Sl (b S g
ol s e e s Sy o sl
Jos ol sl a5 ol @l o3l (S Joe

sl S oty 28l s slo S Gl 51 ooliul
Jobes 52 cJaw ol )0 [V <] 09 095 Sl sl Jolos
Ay ads e o L5 auS cdl o (65,50 (B e a4 sl
Slotends sl O 5 Gupy yailaSUl 0 Sy ]
SULegil Gobsl o (oo oSSz (555m525T G ynS
W15 5 E95 el LS 5l ool 5 7 sk
odady 5 (BlF ey b Caz g Sy (LS il
3 eolaiwl a5 wis S ol oyl [VV] wssls &l glasd
) Slmslone oo i als id sl ol
Sl sleoss golin oo 5o cnlple 00 YL
0,8 eolawl SLicie Sluea b oy Jolw
sbaolly 5l (52 505 0 dlS 6l Geizen
bt Gl 3,50, S jlesS Jos
2 (e g g olazg oo ged oolil
odd )] 0, o9, L (Hld it sla sl ol
2 Jae ol 5o VY] asols slerias Jeyil, awes
Sl Gy €5 Sl a5 20e o L S5l
ol Glor Lo Jl— 4 ol ]
GorS T 4 ol eSl og b e asine
Jol 5,385 Jobo 1 53 (59—
Ao Jobw o b g ol alS by
o b LSl sk pad fiSzeS b Jae nl 5o

® Genetic Algorithm
4 Cellular Automata

Vi

50 Slelbl (5 5glid uwsigo — (g fu (Sole oy s

1129V gliwoj @ p,lg> o lod @ pbnd Jlw

doddo —)
gl 59 gk L (nFeee ) o pol> = 0
@oboatdl slaasyse o5 ol laJSiz (555m 13T o

29— o gl |y gyl 259
LsL:aJi;_? )’l 6)L.t-‘**-.‘ ol YL [\] 45564 ol:;u|

L’.. ol

9 09— 355 ¢ 59— il £9—By ;31 0 Lods
Sy ey 89y Dlogrge (S 4 (6 ke Slono
gl e 330 5 gBgeay paseis [V] 05 o
i 9 O = Ay Lo ygSl e Ul
Flws aloz 5l Koz ) 55mtST (37 09
S g Semnj bazme 5 bl Il anngs Lol

Al o gilga
Slidog )0 aS Jx 6}9—“&51 2 Sy sla,gs
sle,gSt Joll ailass )5 51,8 a0 90 (i
[0 5 F 0] asog Sl sla,sSt 5 (So5ud9—
(o= bl s (e e (Semdem oS
98,5 o)Ll (g sla Shy g adlate S ,Tse
G b 2la sl Jolts 5 Sludl sla 556
Glaly 5o ooy Sz (g iwd Gliee 5 (s
J5iz et o fse aie layeSE s
Loyl adox 3l as cnlaid 5 &0 Sl Dlaios
See slsSTe ols lis o5 5,5 o Ll [F] & g
o2 5l e Gl L3 5l L S (555m 551 2
il | LS (Sion 355 11 g it
Yaﬁl—ré‘f”‘? M908 Ogam S5 Sl eslaiwl Ly ol
Olie 5 LS (dg g5 (o) )8 45 ol i
St 1 NS5 o )siS (et oSk
ez 09 pldsl aslllas 050 adlaie )0 la JSio
2 (st ehoigh gy a Sl Lo 5 S [V]
Sz slasssmptsl o se s Loyl s
b @Bl Jsgss ose S, olial 0,5 pluds

! Spatial autocorrelation
2 Geographically Weighted Regression



cee )l 03launl b 1Sas (5 jguninsT Ui yiuS oo ing

W3S jligs sl yzue Ld 30> ol glgy pla 1o

YL 2Ulg Jodo @ 58 s ool 6 05,54
lwl) 5o i sLad (3olS sl )5Sl
ladao b a5 amt ) fge sla,giss Hlulis
Lg‘).g alise k;»w LgL(a).'J.lﬁ.é )‘| l:.w‘) Q—i‘ O gl
O S anld o Slwen puld 505 vy p
‘)_:;'>| 6L‘z’w~“’5ﬁ PR oolawl K> ‘5)9MU~T
Sl iy slaldd 3 (ol Llegl oLy
SAD drwgd 9 7S la Sl lagsjluaes
ac Sl gdsd ol o el suld asie
.. . - . f
5o JLEl pile 3 35—l 0 LS (6l (e
Sl ool oolawl “5[91.»4 blegsl
6‘5' s 035) 5\_\_;9) A SR 2 450 ool )
@ol—ing oy, 9 e )68l g oo &3l ( Gudos
F oo o5l s e Lasols (g5lwosl ol g 4 alllas
Wles 50 9 9310 el (b)) s silwesly &
Gl Slolpaig a4l g (6 Fa G4y b sy
"’)'b)ias" oa.;J Olaass

SOl 09, -
VF Gy = Y slaisle s lal ol gudo jo
JE{CN L gy B <ESIP S RNV W | IRPUIL P VS S E
5 590 slaaids b cunl onds alol wlosg 38,56
399 3| S5 5z Sl gt adgs Lo g5 o0
4SS solpiinn pin,s 4 YL S b ooosls
WDig o (55l o lyd o Pl sl el
25, 5 ol >l Lasols oy S oan 5 JUST
la‘ s.A_»S)J o uj_.\.».:) [V"")j—{J‘ »))‘9 Laoals o
LS9 o 0 puiianin (eral (oMl (9w 5
S| Angi ;o atiy slmysSE

4 Artificial Neural Network
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Abstract

Forests are the most important natural resources of any country that preserving and procting them has a special
important role. Forest fire is one the incidents causing major damages to the forests. Hence, in on order to
reduce this damage, it is extremely important to determine factors affecting forest fire and to model the spread
of fire. In this study, an integration between a multivariate adaptive regression spline (MARS) and a genetic
algorithm (GA) has been used to determine factors which have effect on Golestan forest fire. The 9 factors
were determined as optimal factors including maximum temperature, average temperature, minimum
temperature, dominant wind direction, maximum wind speed, soil, land use, aspect, and distance from
residential areas. In combination with cellular automata (CA) and artificial neural network (ANN), Golestan
forest fire has been simulated. For examining the effects of the size of the neighborhood filter on the results,
various sizes of the neighborhood filter including 3x3, 5x5, and 77 have been used. Results showed that the
best precision can be achieved for the fire of the study area happened on November 17, 2010 with a 3x3
neighborhood filter and 30 m pixel size. In this situation, the Kappa index, the relative operating characteristic
(ROC), and the overall accuracy were equall to 0.890%, 0.917%, and 0.953%, respectively.

Key words: Forest Fire, Genetic Algorithm, Multivariate Adaptive Regression Spline, Cellular Automata, Artificial Neural
Network.
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